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ABSTRACT

Netrin 1 (Ntn1) is a multifunctional guidance cue expressed in the
ventricular zone and floor plate of the embryonic neural tube.
Although Ntn1 is best known for acting as an axon guidance cue
through Dcc and neogenin receptors, it is also thought to regulate
neuronal survival and blood vessel development through Unc5 family
receptors. However, the Nin1 gene trap mutant mouse does not
display all the phenotypes predicted from in vitro assays or analyses
of mice lacking predicted receptors. Since the gene trap strain still
produces wild-type Ntn1 protein, it is unclear whether the absence of
phenotypes reflects the activity of alternative cues or of residual Ntn1.
To resolve the full contribution of Ntn1 to development, we generated
a null allele of Nin1 and re-examined tissues exhibiting phenotypic
discrepancies between receptor mutants and Ntn1 hypomorphs. We
found that in Ntn1 null animals commissural axons rarely cross the
midline, resulting in a strongly enhanced phenotype relative to Ntn1
hypomorphs, which retain many axons with normal trajectories. Thus,
low levels of Ntn1 can account for persistent attraction to the midline in
hypomorphs. By contrast, Ntn7 null mice do not show all of the
phenotypes reported for Uncb receptor mutants, indicating that Ntn1
is not necessarily the dominant ligand for Unc5 family members
in vivo and ruling out primary roles in survival or angiogenesis.
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INTRODUCTION

Netrin 1 (Ntnl) is a secreted molecule of the laminin superfamily
(Ishii et al., 1992) that is best known for its role in axon guidance
(Serafini et al., 1996), with additional roles in adhesion (Srinivasan
et al., 2003; Yebra et al., 2003), angiogenesis (Lu et al., 2004) and
survival (Mazelin et al., 2004). To mediate these diverse functions,
Ntnl signals through multiple receptors, including deleted in
colorectal cancer (Dcc) (Fazeli et al., 1997), neogenin (Srinivasan
et al., 2003), Unc5 family members (Leonardo et al., 1997) and
integrins (Yebra et al., 2003). However, as shown by RT-PCR and in
situ hybridization, the most commonly studied Nt/ mutant is a
severe hypomorph that does not exhibit all of the phenotypes
predicted by in vitro assays and phenotypic analyses of Ntn1 receptor
mutants (Lu et al., 2004; Serafini et al., 1996, Williams et al., 2006).
Another gene trap allele is also available, but is likely to suffer the
same issues as the original line (Salminen et al., 2000). Thus, even
after 20 years of active research, it is unclear whether the absence of
predicted defects is due to redundant cues or residual Ntnl, raising
questions about the full contributions of Ntn1 to development in vivo.
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To resolve lingering questions regarding the broad functions of
Ntnl in vivo, we created a null allele of N /. Phenotypic analysis
of this improved mouse model confirmed a primary role for Ntnl
during midline guidance of commissural axons, but not for all
Unc5-mediated effects on repulsion, neuronal survival or blood
vessel branching.

RESULTS AND DISCUSSION

Wild-type Ntn1 protein persists in Ntn12P'"aP mice but is
absent from Ntn1~'~ mice

Western blot analysis of E11.5 head lysate with an antibody targeted
to Ntnl domain VI (Bin et al., 2013) revealed that residual wild-type
protein (~75 kDa) persists in Ntnl gene trap (Ntnl"“”""P) animals
(n=2), confirming that this allele is hypomorphic. To generate a null
mouse, we inserted loxP sites around the second exon of Nml,
which encodes the start codon and most of the N-terminus
and, when fused to Fc, is sufficient for axon outgrowth in vitro
(Keino-Masu et al., 1996; Lim and Wadsworth, 2002). We crossed
this floxed Ntnl allele to the germline-specific Cre line EIla“" to
delete exon 2 from subsequent generations (Fig. 1A). In contrast to
gene trap mutants, no Ntn1 protein was detected in N#n/~~ animals
(Fig. 1B; n=4), which die neonatally without any gross
malformations: E18.5 null embryos were present in Mendelian
ratios (33/121 embryos), but no Ntnl~~ pups (out of 51) were
observed at P5.

Ntn1 is the major cue for midline attraction

As a chemoattractant, Ntnl acts through Dcc and neogenin (Xu
etal., 2014) to promote the growth and guidance of dorsally located
commissural neurons toward the ventral floor plate (Serafini et al.,
1996). However, although many commissural axons misproject to
the ventricular zone and the motor columns in Nt/ hypomorphs,
a subset of axons still orient toward and reach the floor plate.
These observations led many groups to look for additional floor
plate-derived cues, resulting in the discovery that VEGF (Ruiz de
Almodovar et al., 2011) and sonic hedgehog (Shh) (Charron
et al., 2003) also function as chemoattractants. Unfortunately, the
persistence of Ntnl in NemI”%"% mice makes it difficult to
distinguish the contributions of these cues from those of Ntnl
during nervous system wiring.

To assess the extent of Ntnl-independent commissural axon
guidance, we stained E11.5 Ntnl~'~ spinal cord sections for the
commissural markers TAG-1 (Cntn2 — Mouse Genome Informatics)
and Robo3 (Sabatier et al., 2004; Serafini et al., 1996). In wild-type
embryos, fasciculated axons travel along the lateral edge of the
neural tube, turn ventromedially at the motor columns, and cross the
floor plate (Fig. 2A; n=3). Since no differences were observed
between wild-type and heterozygous animals, both genotypes were
used as controls. In N 17" mutants, some axons still arrive at
the floor plate with normal trajectories (Fig. 2B; n=2), consistent
with Serafini et al. (1996). By contrast, Ntn/~~ mutants display
defasciculated TAG-1" and Robo3" axons that project towards the
ventricular zone into the motor columns or even dorsally (Fig. 2C;
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Fig. 1. Generation of the Ntn1 null mouse. (A) Map of the wild-type and
floxed Nin7 loci with GenBank annotations. /oxP sites flank exon 2; its
protein product (yellow, domain VI; blue, domain V) is delineated by

dashed lines. (B) Western blots of E11.5 head lysate show residual protein
in Ntn 17" mutants but no detectable protein in the newly generated Ntn1~/~
mutants. Loading controls (actin) were obtained from a shorter exposure of
the same gel.

n=6). Very few axons appear to cross the midline. However, the
gross organization of the spinal cord was normal, with sensory and
motor axons growing through the expected entry and exit points
(Fig. 2D-F; n=4).

To quantify the extent of midline crossing in Ntnl~'~ animals, we
stained for Robo3™ commissural axons at the floor plate in open-
book preparations of E11.5 spinal cords and calculated the ratio of
ventral to adjacent dorsal areas covered by Robo3"* axons in a
~500 um segment of the cervical-thoracic spinal cord (Fig. 2G-K).
Both N7 and Nml~~ mutants displayed highly
disorganized commissural axons that were often oriented away
from the midline. However, the degree of crossing was significantly
decreased in NtmI~~ embryos (n=4) compared with Nnl"e/rep
(n=5) and Ntnl"~ (n=3) animals (Fig. 2K).

To investigate whether the enhanced strength of the commissural
phenotype observed in Nt/ ™~ animals is secondary to changes
in the availability of other chemoattractants, we examined the
expression of other floor plate-derived cues and their receptors in
Ntnl mutants. We found that floor plate identity is preserved, as
revealed by in situ hybridization of Shh, a floor plate marker
and short-range chemoattractant for commissural axons (Charron
et al., 2003), the chemoattractant Vegf'(Vegfa) (Ruiz de Almodovar
et al., 2011) and the chemorepellants S/i¢/ and Slit2 (Long et al.,
2004) (Fig. 3A-H; n=3 null embryos). Moreover, a combination of
western blotting (n=3 E11.5 heads per genotype), immunostaining
(n=3 animals per genotype) and in situ hybridization (n=2 animals
per genotype) confirmed that the Shh receptor Boc (Okada
et al., 2006), the VEGF receptor Flkl (Kdr — Mouse Genome
Informatics) (Ruiz de Almodovar et al., 2011), and Dcc and
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Fig. 2. The Ntn1"®P'"* commissural phenotype is enhanced in Ntn1~~
mutants. (A-C”) Low (A-C,A”-C") and high (A’-C’) magnification views of
E11.5 spinal cord sections stained for TAG-1 and Robo3 reveal that fewer
commissural axons (arrowheads) cross the midline in Ntn1~'~ animals

(C) compared with controls (A) and Ntn1""" hypomorphs (B), with some
axons projecting dorsally (arrow). (D-F) Neurofilament (NF) stains show
grossly normal organization of the spinal cord in E11.5 null mutants.

(G-J) Robo3 staining of open-book preparations of E11.5 spinal cords

(G) show that fewer axons cross the midline (dashed lines) in Ntn1"/@P
animals () compared with controls (H). This phenotype is more severe in
Ntn1~"~ animals (J). (K) Quantification of the midline crossing phenotypes
illustrated in H-J. Yellow boxes in H indicate the dorsal and ventral areas
quantified. RP, roof plate; FP, floor plate; D, dorsal; V, ventral. ****P<0.0001,
***P<0.001; Mann—-Whitney test. Error bars indicate s.d.

neogenin are still present (Fig. 31-K), so the enhanced phenotype
should not be due to a lack of responsiveness. On the contrary, Dcc
and neogenin levels were significantly increased in Nfn/ mutants
(Fig. 3I), similar to observations from an independent null strain
(Bin et al., 2015), implying that Ntn1 regulates the availability of its
own receptors.

Together, these data suggest that, although other cues and their
receptors are present, they may not compensate for the absence
of Ntnl. Low levels of Ntnl in the hypomorph are therefore
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sufficient to attract many commissural axons to the midline,
consistent with reports that fewer than five Ntnl molecules can
induce growth (Pinato et al., 2012). In the absence of Ntnl, some
axons still grow ventrally, likely by chance, at which point
attractants such as VEGF and Shh may guide them across the
midline. Indeed, Shh can induce turning but not outgrowth, and
mice lacking Shh or VEGF activity show relatively subtle guidance
phenotypes (Charron et al., 2003; Ruiz de Almodovar et al., 2011).
Thus, whereas Ntnl guides over long distances to establish the
overall pathway, other cues act at close range to fine-tune axon
trajectories within this framework.

Trochlear nerve projections remain intact in Ntn1~'~ mice
The striking contrast in the severity of the Ntnl"@"% versus
Ntnl~~ commissural phenotype highlights the potent attractive
capabilities of Ntnl even at reduced levels. This raised the
possibility that low levels of Ntnl remaining in hypomorphs
might have obscured other guidance defects in vivo. In addition to
acting as an attractant, Ntnl has been proposed to repel trochlear
motor neurons, which reside in the ventral hindbrain and project
axons dorsally, away from the floor plate. However, although Ntnl
repels trochlear axons from hindbrain explants in vitro and loss of
the Ntnl receptor Unc5c causes guidance defects in the trochlear
nerve in vivo, no defects in the trochlear nerve have been observed in
N1 animals (Burgess et al., 2006; Colamarino and Tessier-
Lavigne, 1995; Serafini et al., 1996; Varela-Echavarria et al., 1997).

To determine if residual Ntnl obscured a role in trochlear
pathfinding, we visualized peripheral axons in E11.5 Nml~~
embryos by performing wholemount neurofilament staining. The
overall pattern of sensory and motor projections appeared unchanged
(Fig. 4A,B), and we detected no qualitative differences in the
presence, trajectory or dorsal decussation of the trochlear nerve in
null mutants (Fig. 4C,D; n=4 wild-type, n=8 Nitnl~'~ embryos).
Additionally, the position of the trochlear nuclei relative to the
midline, as shown by Islet1/2 immunostaining at E12.5, was similar
in controls and mutants (Fig. 4E,F; n=3 animals per genotype).
These data suggest that Ntn1 does not act as the major repulsive cue
for trochlear axons and that other ligands are responsible for UncSc-
dependent growth and guidance of the trochlear nerve.
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Fig. 3. Ntn1~~ mutants maintain expression of other
guidance cues and their receptors. (A-H) In situ
hybridization of E11.5 spinal cord sections; dashed lines
indicate the ventral edge. Shh (A,B), Vegf (C,D), Slit1 (E,F)
and Slit2 (G,H) are expressed at the floor plate of mutant
animals, as in wild-type (WT) controls. (I) Quantified
western blots for Dcc, neogenin, FIk1 and Boc show similar,
or upregulated, levels of these receptors in wild-type and
null animals. *P<0.05; Student’s t-test. Error bars indicate
s.d. (J-K’) Immunostaining (J,J’) and in situ hybridization
(K,K’) confirm that Dcc and Boc expression is preserved in
E11.5 mutant spinal cords.

Absence of other Unc5-mediated phenotypes in Ntn1~~ mice
Given the discordance between the Ntnl~~ and Unc5c¢™~ trochlear
nerve phenotypes, we investigated whether other Unc5-mediated
activities might also be independent of Ntnl. We first examined
projections from spinal accessory motor neurons (SACMNSs), which
showed variable defects in dorsal migration and guidance in Nl
hypomorphs and in mice mutant for Dcc or UncSc (Dillon et al.,
2005, 2007). SACMN s are ventrally located in the cervical spinal
cord and extend axons dorsally along the lateral edge of the spinal
cord before exiting and turning rostrally to form a longitudinal,
hook-shaped nerve (Fig. 4G). All mutants (n=13 nerves) displayed
spinal accessory nerve abnormalities in at least one side of the body,
but the phenotype remained variable. In mildly affected nerves a few
axons wander ventrally (Fig. 4H), whereas in more severe cases
entire segments of the nerve branch ventrally (Fig. 41), similar to
what is observed in severely affected gene trap mutants (Fig. 4J).
Thus, residual Ntnl does not explain the partial penetrance of the
SACMN guidance defect in Nl hypomorphs, indicating that
closer comparison of Dcc- and UncSc-dependent SACMN
populations is warranted.

Intriguingly, in Unc5a™" mutants, these same neurons are less
susceptible to cell death, hinting that Ntn1 might also function as a
survival cue (Williams et al., 2006). However, in vivo evidence for
this model is lacking, as SACMN number was unchanged in
Ntnl7@""@ embryos, perhaps due to its hypomorphic nature. To
resolve this issue we stained E13.5 cervical spinal cord sections and
observed no significant difference in the number of Islet1-positive
SACMNSs per hemisection in serial sections between wild-type
(n=8) and null (»=8) embryos (Fig. 4K,L), suggesting that Unc5a-
mediated survival of SACMNs occurs through another ligand.
Consistent with this interpretation, cell death also appeared
unaffected in a different Ntn/~'~ strain (Bin et al., 2015).

Given the mismatch in receptor and ligand neural phenotypes
in vivo, we sought to clarify whether Unc5 receptors also act
independently of Ntnl during blood vessel development. Although
there are no obvious vascular malformations in Ntnl hypomorphs,
Unc5b mutants die at E12.5 with excessive blood vessel branching in
numerous regions, including the hindbrain (Lu et al., 2004). Despite
complete loss of Ntnl, there were no obvious differences in blood
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Fig. 4. Ntn1~"~ mutants do not display many known Unc5 receptor mutant
phenotypes. (A-D’) Colorimetric and fluorescent wholemount neurofilament
stains show comparable sensory and motor projections in wild-type (A) and
Ntn1 null (B) E11.5 embryos, including normal trochlear (IV) nerve trajectories
(C,D) with an intact dorsal decussation (C’,D’; arrowheads indicate trochlear
nerve on either side). Cranial nerves I, IV and V are indicated. (E-F) Islet1/2-
positive trochlear nuclei retain their normal position relative to the midline in
mutant E12.5 coronal hindbrain sections, as quantified in F. (G-J) SACMN
axons normally form a smooth, hook-shaped nerve (white arrow), but both null
(H,I) and hypomorphic (J) mutants show variable defects, ranging from a few
axons (yellow arrowheads) to whole bundles of axons (yellow arrows)
wandering away from the nerve at many positions. (K-L) Islet1 immunostains
show no change in the number of motor neurons in the spinal cord of E13.5
wild-type and null animals, as quantified in L. (M-N) Immunostaining for
PECAM in E12.5 hindbrain sections show no change in blood vessel coverage,
as quantified in N. n.s., not significant (F, P=0.474; L, P=0.445; N, P=0.480;
Mann-Whitney test). Error bars indicate s.d.

vessel coverage in wild-type (»=3) versus null (»=3) animals
(Fig. 4M,N), as assessed by staining E12.5 hindbrain sections for
the vascular marker PECAM (Pecam 1— Mouse Genome Informatics).
Together with the lack of trochlear and SACMN survival phenotypes,

these data imply that other ligands might be more important than Ntn1
for the activation of UncS5 receptors in many contexts.

A growing body of literature has shown that members of the
fibronectin and leucine-rich transmembrane protein family mediate
repulsion through Unc5 receptors in multiple systems (Yamagishi
et al,, 2011). Similarly, Draxin, an axon guidance molecule
expressed in the dorsal neural tube, acts on the same neurons that
respond to Ntnl and can bind to both Dcc and UncS family
members (Islam et al., 2009). It is tempting to speculate that these
molecules could contribute to trochlear nerve guidance, although
compensation by other Netrin family members might also play a
role. As increasing numbers of ligands for Ntnl receptors are
identified, this has led to an appreciation of the diversity of
molecular cues available to direct brain wiring and invites
broader consideration about how receptors integrate signals from
multiple ligands during circuit formation and other developmental
processes.

It is somewhat surprising that complete loss of N/ did not uncover
any obvious novel phenotypes, given its broad expression and
demonstrated potency. Evidence for additional roles might emerge on
different genetic backgrounds, since lethality occurs earlier in another
Ninl~'~ strain (Bin et al., 2015). Indeed, the enhanced commissural
phenotype highlights the need to re-examine other tissues that show
phenotypes in receptor mutants but not Ntn 17?4 animals. The N1
floxed allele described in this study provides an ideal tool to study
other developmental functions within and beyond the nervous system,
particularly in postnatal and adult animals, as illustrated by a recent
study of sympathetic arterial innervation (Brunet et al., 2014).

MATERIALS AND METHODS

Generation of a floxed Ntn1 allele

Using the NM_008744 Ntnl cDNA as a reference, a linker sequence
containing a JoxP site was inserted upstream of exon 2 in a 2.85 kb 5" arm of
homology (—1412 to +1442 bp), which was cloned into the 4600c vector
(gift of Richard Palmiter, University of Washington), with a 3.45 kb 3’ arm
(+1423 to +4873 bp) inserted via synthetic Xhol and Clal sites downstream
of a second /oxP sequence and frt-flanked neomycin cassette. After Ascl
linearization, the targeting construct was electroporated into J1 ESCs
(derived from the 129S4/SvJae strain), and selected under G418.
Recombinant clones were identified by Southern blot using external 5’
and 3’ probes. The neomycin resistance cassette was removed by crossing
N oxedneo™ mice to a global FLPe driver [JAX, B6;SJL-Tg(ACTFLPe)
9205Dym/J] (Rodriguez et al., 2000), yielding floxed Ninl mice (Nt '"™)
as confirmed by real-time PCR (Transnetyx).

A null allele (NmnI"") was created by crossing Ntm* animals to a
germline Cre driver [JAX, B6.FVB-Tg(Ella-cre)C5379Lmgd/J] (Lakso
et al., 1996). Genotyping was performed with primers spanning the deleted
exon (AMN363, 5'-CAGGTGGCAAGAGAAAAGGA-3’; and AMN437,
5'-TCCGTTTGGATCTGGGATTA-3’) and with primers inside the deleted
exon (AMN357, 5'-CTCAATAACCCGCACAACCT-3"; and AMN358, 5'-
CTCCGAGTCGTCTTCGTTCT-3): wild type, 468 bp; Nl ™", 432 bp.
NmI™~ animals used in this study were backcrossed to C57BL/6 animals
for three to five generations.

Animals

The Ntnl gene trap line was reported previously (Serafini et al., 1996) and
has been backcrossed to C57BL/6 animals for more than ten generations.
Noon on the day of the plug was considered embryonic day (E) 0.5. All
animal work was conducted in compliance with protocols approved by
the Institutional Animal Care and Use Committee at Harvard Medical
School.

Immunoblotting
E11.5 heads were lysed in 50 mM Tris pH 7.4, 150 mM NaCl, 1%
NP-40, 0.5% sodium deoxycholate, 0.1% SDS, 1x Pefabloc SC PLUS
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protease inhibitor (Roche). Primary antibodies used include goat anti-
Boc (1:1000; R&D, AF2385), goat anti-Dec (1:1000; Santa Cruz,
SC-6535), rabbit anti-Flk1 (1:2000; Cell Signaling; as described in Gu
et al., 2003), goat anti-neogenin 1 (1:1000; R&D, AF1079) and rat anti-
Ntnl (1:500; R&D, AF1109). Each blot was performed twice using
independent lysates.

In situ hybridization
In situ hybridization was performed on 20 pm frozen sections as described
(Luetal., 2011).

Immunochemistry

For sections, embryos were fixed in 4% paraformaldehyde (PFA) in PBS at
4°C overnight, cryoprotected in sucrose, embedded in Neg50 (VWR,
#84000-156) and cryosectioned at 12 or 20 um. Primary antibodies used
were mouse anti-Isletl/2 (1:100; DSHB), anti-neurofilament (1:1000;
DSHB), goat anti-Robo3 (1:100; AF3076) and goat anti-TAG-1 (1:1000;
R&D, AF4439).

For wholemounts, embryos were fixed in 4% PFA in PBS at 4°C
overnight, dehydrated in methanol, incubated in Dent’s bleach and fixative,
and rehydrated in PBS. Samples were blocked overnight (20% DMSO, 5%
normal goat serum, 0.3% Triton X-100 and 0.025% sodium azide in PBS),
incubated with mouse anti-neurofilament for 5 days at 4°C, washed in
blocking solution, and incubated with secondary antibody at room
temperature for 2 days. Embryos were cleared in BABB [1:2 benzyl
alcohol (Sigma B-1042): benzyl benzoate (Sigma B-6630)]. Staining of
open-book spinal cord samples followed the same protocol, but after
fixation the tissue was placed directly in blocking solution.

Spinal cord sections and wholemount embryos were imaged on an
Olympus FV1000 confocal microscope using 10x, 0.40 NA or 20x, 0.75
NA dry objectives and with optimal step sizes in the z-axis (1.16 um steps
for 20% and 4.27 pm steps for 10x). Open-book wholemounts were imaged
on a Leica SP8 X confocal microscope with a 20%, 0.70 NA objective.
Quantification was performed using ImageJ (NIH), where coverage denotes
the percentage of a standardized area covered by either Robo3" or PECAM”
pixels; two independent measurements were taken per open-book. To
measure the distance between the trochlear nucleus and the midline, a
straight line was drawn from the center of the nucleus to the IVth ventricle.
All statistical analyses were performed with Prism 4 (GraphPad software);
all data are presented as mean+s.d.

Acknowledgements

We thank Boston Children’s Hospital Transgenic Core [CHB IDDRC, P30 HD18655]
for performing the blastocyst injections and the Neurobiology Imaging Facility
[NINDS P30 NS072030] and Daniel Tom from the NeuroDiscovery Imaging Core for
imaging support. We also thank Richard Palmiter (University of Washington) for the
4600c vector; Qingguang Jiang for help assessing phenotypes; and Michael Gordon
and Jocelyn Curran for genotyping assistance.

Competing interests
The authors declare no competing or financial interests.

Author contributions
A.R.Y.,AM.N.and L.V.G. designed the research, analyzed the results and wrote the
manuscript. A.R.Y. and A.M.N. performed the experiments.

Funding

This work was supported by a grant from The National Institute on Deafness and
Other Communication Disorders (NIDCD) [R01DC007995 to L.V.G.]; a Harvard
Medical School Edward R. and Anne G. Lefler Fellowship (A.M.N.); and National
Institutes of Health (NIH) training grants [2T32MH020017, 5T32DC000038 and
1F31DC014603 to A.R.Y.]. Deposited in PMC for immediate release.

References

Bin, J. M., Rajasekharan, S., Kuhimann, T., Hanes, I., Marcal, N., Han, D.,
Rodrigues, S. P., Leong, S. Y., Newcombe, J., Antel, J. P. et al. (2013). Full-
length and fragmented netrin-1 in multiple sclerosis plaques are inhibitors of
oligodendrocyte precursor cell migration. Am. J. Pathol. 183, 673-680.

Bin, J. M., Han, D., Lai Wing Sun, K., Croteau, L.-P., Dumontier, E., Cloutier,
J.-F., Kania, A. and Kennedy, T. E. (2015). Complete loss of Netrin-1 results in

3690

embryonic lethality and severe axon guidance defects without increased neural
cell death. Cell Rep. 12, 1099-1106.

Brunet, I, Gordon, E., Han, J., Cristofaro, B., Broqueres-You, D.,
Liu, C., Bouvrée, K., Zhang, J., del Toro, R., Mathivet, T. et al. (2014).
Netrin-1 controls sympathetic arterial innervation. J. Clin. Invest. 124, 3230-3240.

Burgess, R. W., Jucius, T. J. and Ackerman, S. L. (2006). Motor axon guidance of
the mammalian trochlear and phrenic nerves: dependence on the netrin receptor
Unc5c and modifier loci. J. Neurosci. 26, 5756-5766.

Charron, F., Stein, E., Jeong, J., McMahon, A. P. and Tessier-Lavigne, M.
(2003). The morphogen sonic hedgehog is an axonal chemoattractant that
collaborates with netrin-1 in midline axon guidance. Cell 113, 11-23.

Colamarino, S. A. and Tessier-Lavigne, M. (1995). The axonal chemoattractant
netrin-1 is also a chemorepellent for trochlear motor axons. Cell 81, 621-629.

Dillon, A. K., Fujita, S. C., Matise, M. P., Jarjour, A. A., Kennedy, T. E., Kolimus,
H., Arnold, H.-H., Weiner, J. A., Sanes, J. R. and Kaprielian, Z. (2005).
Molecular control of spinal accessory motor neuron/axon development in the
mouse spinal cord. J. Neurosci. 25, 10119-10130.

Dillon, A. K., Jevince, A. R, Hinck, L., Ackerman, S. L., Lu, X., Tessier-Lavigne,
M. and Kaprielian, Z. (2007). UNC5C is required for spinal accessory motor
neuron development. Mol. Cell. Neurosci. 35, 482-489.

Fazeli, A., Dickinson, S. L., Hermiston, M. L., Tighe, R. V., Steen, R. G., Small,
C. G., Stoeckli, E. T., Keino-Masu, K., Masu, M., Rayburn, H. et al. (1997).
Phenotype of mice lacking functional Deleted in colorectal cancer (Dec) gene.
Nature 386, 796-804.

Gu, C., Rodriguez, E. R., Reimert, D. V., Shu, T., Fritzsch, B., Richards, L. J.,
Kolodkin, A. L. and Ginty, D. D. (2003). Neuropilin-1 conveys semaphorin and
VEGF signaling during neural and cardiovascular development. Dev. Cell 5,
45-57.

Ishii, N., Wadsworth, W. G., Stern, B. D., Culotti, J. G. and Hedgecock, E. M.
(1992). UNC-6, a laminin-related protein, guides cell and pioneer axon migrations
in C. elegans. Neuron 9, 873-881.

Islam, S. M., Shinmyo, Y., Okafuji, T., Su, Y., Naser, |. B., Ahmed, G.,
Zhang, S., Chen, S., Ohta, K., Kiyonari, H. et al. (2009). Draxin, a repulsive
guidance protein for spinal cord and forebrain commissures. Science 323,
388-393.

Keino-Masu, K., Masu, M., Hinck, L., Leonardo, E. D., Chan, S. S.-Y., Culotti,
J. G. and Tessier-Lavigne, M. (1996). Deleted in Colorectal Cancer (DCC)
encodes a netrin receptor. Cell 87, 175-185.

Lakso, M., Pichel, J. G., Gorman, J. R., Sauer, B., Okamoto, Y., Lee, E., Alt, F. W.
and Westphal, H. (1996). Efficient in vivo manipulation of mouse genomic
sequences at the zygote stage. Proc. Natl. Acad. Sci. USA 93, 5860-5865.

Leonardo, E. D., Hinck, L., Masu, M., Keino-Masu, K., Ackerman, S. L. and
Tessier-Lavigne, M. (1997). Vertebrate homologues of C. elegans UNC-5 are
candidate netrin receptors. Nature 386, 833-838.

Lim, Y. and Wadsworth, W. G. (2002). Identification of domains of netrin UNC-6
that mediate attractive and repulsive guidance and responses from cells and
growth cones. J. Neurosci. 22, 7080-7087.

Long, H., Sabatier, C., Ma, L., Plump, A., Yuan, W., Ornitz, D. M., Tamada, A.,
Murakami, F., Goodman, C. S. and Tessier-Lavigne, M. (2004). Conserved
roles for slit and robo proteins in midline commissural axon guidance. Neuron 42,
213-223.

Lu, X., Le Noble, F., Yuan, L., Jiang, Q., De Lafarge, B., Sugiyama, D., Bréant, C.,
Claes, F., De Smet, F., Thomas, J.-L. et al. (2004). The netrin receptor UNC5B
mediates guidance events controlling morphogenesis of the vascular system.
Nature 432, 179-186.

Lu, C. C., Appler, J. M., Houseman, E. A. and Goodrich, L. V. (2011).
Developmental profiling of spiral ganglion neurons reveals insights into auditory
circuit assembly. J. Neurosci. 31, 10903-10918.

Mazelin, L., Bernet, A., Bonod-Bidaud, C., Pays, L., Arnaud, S., Gespach, C.,
Bredesen, D. E., Scoazec, J.-Y. and Mehlen, P. (2004). Netrin-1 controls
colorectal tumorigenesis by regulating apoptosis. Nature 431, 80-84.

Okada, A., Charron, F., Morin, S., Shin, D. S., Wong, K., Fabre, P. J., Tessier-
Lavigne, M. and McConnell, S. K. (2006). Boc is a receptor for sonic hedgehog in
the guidance of commissural axons. Nature 444, 369-373.

Pinato, G., Cojoc, D., Lien, L. T., Ansuini, A., Ban, J., D’Este, E. and Torre, V.
(2012). Less than 5 Netrin-1 molecules initiate attraction but 200 Sema3A
molecules are necessary for repulsion. Sci. Rep. 2, 675.

Rodriguez, C. I., Buchholz, F., Galloway, J., Sequerra, R., Kasper, J.,
Ayala, R., Stewart, A. F. and Dymecki, S. M. (2000). High-efficiency
deleter mice show that FLPe is an alternative to Cre-loxP. Nat. Genet. 25,
139-140.

Ruiz de Almodovar, C., Fabre, P. J., Knevels, E., Coulon, C., Segura, |., Haddick,
P. C. G, Aerts, L., Delattin, N., Strasser, G., Oh, W.-J. et al. (2011). VEGF
mediates commissural axon chemoattraction through its receptor Flk1. Neuron
70, 966-978.

Sabatier, C., Plump, A. S., Le Ma, A. S., Brose, K., Tamada, A., Murakami, F.,
Lee, E. Y.-H. P. and Tessier-Lavigne, M. (2004). The divergent Robo family
protein Rig-1/Robo3 is a negative regulator of slit responsiveness required for
midline crossing by commissural axons. Cell 117, 157-169.

DEVELOPMENT


http://dx.doi.org/10.1016/j.ajpath.2013.06.004
http://dx.doi.org/10.1016/j.ajpath.2013.06.004
http://dx.doi.org/10.1016/j.ajpath.2013.06.004
http://dx.doi.org/10.1016/j.ajpath.2013.06.004
http://dx.doi.org/10.1016/j.celrep.2015.07.028
http://dx.doi.org/10.1016/j.celrep.2015.07.028
http://dx.doi.org/10.1016/j.celrep.2015.07.028
http://dx.doi.org/10.1016/j.celrep.2015.07.028
http://dx.doi.org/10.1172/JCI75181
http://dx.doi.org/10.1172/JCI75181
http://dx.doi.org/10.1172/JCI75181
http://dx.doi.org/10.1523/JNEUROSCI.0736-06.2006
http://dx.doi.org/10.1523/JNEUROSCI.0736-06.2006
http://dx.doi.org/10.1523/JNEUROSCI.0736-06.2006
http://dx.doi.org/10.1016/S0092-8674(03)00199-5
http://dx.doi.org/10.1016/S0092-8674(03)00199-5
http://dx.doi.org/10.1016/S0092-8674(03)00199-5
http://dx.doi.org/10.1016/0092-8674(95)90083-7
http://dx.doi.org/10.1016/0092-8674(95)90083-7
http://dx.doi.org/10.1523/JNEUROSCI.3455-05.2005
http://dx.doi.org/10.1523/JNEUROSCI.3455-05.2005
http://dx.doi.org/10.1523/JNEUROSCI.3455-05.2005
http://dx.doi.org/10.1523/JNEUROSCI.3455-05.2005
http://dx.doi.org/10.1016/j.mcn.2007.04.011
http://dx.doi.org/10.1016/j.mcn.2007.04.011
http://dx.doi.org/10.1016/j.mcn.2007.04.011
http://dx.doi.org/10.1038/386796a0
http://dx.doi.org/10.1038/386796a0
http://dx.doi.org/10.1038/386796a0
http://dx.doi.org/10.1038/386796a0
http://dx.doi.org/10.1016/S1534-5807(03)00169-2
http://dx.doi.org/10.1016/S1534-5807(03)00169-2
http://dx.doi.org/10.1016/S1534-5807(03)00169-2
http://dx.doi.org/10.1016/S1534-5807(03)00169-2
http://dx.doi.org/10.1016/0896-6273(92)90240-E
http://dx.doi.org/10.1016/0896-6273(92)90240-E
http://dx.doi.org/10.1016/0896-6273(92)90240-E
http://dx.doi.org/10.1126/science.1165187
http://dx.doi.org/10.1126/science.1165187
http://dx.doi.org/10.1126/science.1165187
http://dx.doi.org/10.1126/science.1165187
http://dx.doi.org/10.1016/S0092-8674(00)81336-7
http://dx.doi.org/10.1016/S0092-8674(00)81336-7
http://dx.doi.org/10.1016/S0092-8674(00)81336-7
http://dx.doi.org/10.1073/pnas.93.12.5860
http://dx.doi.org/10.1073/pnas.93.12.5860
http://dx.doi.org/10.1073/pnas.93.12.5860
http://dx.doi.org/10.1038/386833a0
http://dx.doi.org/10.1038/386833a0
http://dx.doi.org/10.1038/386833a0
http://dx.doi.org/10.1016/S0896-6273(04)00179-5
http://dx.doi.org/10.1016/S0896-6273(04)00179-5
http://dx.doi.org/10.1016/S0896-6273(04)00179-5
http://dx.doi.org/10.1016/S0896-6273(04)00179-5
http://dx.doi.org/10.1038/nature03080
http://dx.doi.org/10.1038/nature03080
http://dx.doi.org/10.1038/nature03080
http://dx.doi.org/10.1038/nature03080
http://dx.doi.org/10.1523/JNEUROSCI.2358-11.2011
http://dx.doi.org/10.1523/JNEUROSCI.2358-11.2011
http://dx.doi.org/10.1523/JNEUROSCI.2358-11.2011
http://dx.doi.org/10.1038/nature02788
http://dx.doi.org/10.1038/nature02788
http://dx.doi.org/10.1038/nature02788
http://dx.doi.org/10.1038/nature05246
http://dx.doi.org/10.1038/nature05246
http://dx.doi.org/10.1038/nature05246
http://dx.doi.org/10.1038/srep00675
http://dx.doi.org/10.1038/srep00675
http://dx.doi.org/10.1038/srep00675
http://dx.doi.org/10.1038/75973
http://dx.doi.org/10.1038/75973
http://dx.doi.org/10.1038/75973
http://dx.doi.org/10.1038/75973
http://dx.doi.org/10.1016/j.neuron.2011.04.014
http://dx.doi.org/10.1016/j.neuron.2011.04.014
http://dx.doi.org/10.1016/j.neuron.2011.04.014
http://dx.doi.org/10.1016/j.neuron.2011.04.014
http://dx.doi.org/10.1016/S0092-8674(04)00303-4
http://dx.doi.org/10.1016/S0092-8674(04)00303-4
http://dx.doi.org/10.1016/S0092-8674(04)00303-4
http://dx.doi.org/10.1016/S0092-8674(04)00303-4

RESEARCH REPORT

Development (2015) 142, 3686-3691 doi:10.1242/dev.128942

Salminen, M., Meyer, B. I., Bober, E. and Gruss, P. (2000). Netrin 1 is required for
semicircular canal formation in the mouse inner ear. Development 127, 13-22.
Serafini, T., Colamarino, S. A., Leonardo, E. D., Wang, H., Beddington, R.,
Skarnes, W. C. and Tessier-Lavigne, M. (1996). Netrin-1 is required for
commissural axon guidance in the developing vertebrate nervous system. Cell 87,

1001-1014.

Srinivasan, K., Strickland, P., Valdes, A., Shin, G. C. and Hinck, L. (2003). Netrin-
1/neogenin interaction stabilizes multipotent progenitor cap cells during mammary
gland morphogenesis. Dev. Cell 4, 371-382.

Varela-Echavarria, A., Tucker, A., Piischel, A. W. and Guthrie, S. (1997). Motor
axon subpopulations respond differentially to the chemorepellents netrin-1 and
semaphorin D. Neuron 18, 193-207.

Williams, M. E., Lu, X., McKenna, W. L., Washington, R., Boyette, A., Strickland,
P., Dillon, A., Kaprielian, Z., Tessier-Lavigne, M. and Hinck, L. (2006). UNC5A

promotes neuronal apoptosis during spinal cord development independent of
netrin-1. Nat. Neurosci. 9, 996-998.

Xu, K., Wu, Z., Renier, N., Antipenko, A., Tzvetkova-Robev, D., Xu, Y.,
Minchenko, M., Nardi-Dei, V., Rajashankar, K. R., Himanen, J. et al. (2014).
Structures of netrin-1 bound to two receptors provide insight into its axon guidance
mechanism. Science 344, 1275-1279.

Yamagishi, S., Hampel, F., Hata, K., del Toro, D., Schwark, M., Kvachnina, E.,
Bastmeyer, M., Yamashita, T., Tarabykin, V., Klein, R. et al. (2011). FLRT2 and
FLRT3 act as repulsive guidance cues for Unc5-positive neurons. EMBO J. 30,
2920-2933.

Yebra, M., Montgomery, A. M. P., Diaferia, G. R., Kaido, T., Silletti, S., Perez, B.,
Just, M. L., Hildbrand, S., Hurford, R., Florkiewicz, E. et al. (2003). Recognition
of the neural chemoattractant Netrin-1 by integrins alpha6beta4 and alpha3beta1
regulates epithelial cell adhesion and migration. Dev. Cell 5, 695-707.

3691

DEVELOPMENT


http://dx.doi.org/10.1016/S0092-8674(00)81795-X
http://dx.doi.org/10.1016/S0092-8674(00)81795-X
http://dx.doi.org/10.1016/S0092-8674(00)81795-X
http://dx.doi.org/10.1016/S0092-8674(00)81795-X
http://dx.doi.org/10.1016/S1534-5807(03)00054-6
http://dx.doi.org/10.1016/S1534-5807(03)00054-6
http://dx.doi.org/10.1016/S1534-5807(03)00054-6
http://dx.doi.org/10.1016/S0896-6273(00)80261-5
http://dx.doi.org/10.1016/S0896-6273(00)80261-5
http://dx.doi.org/10.1016/S0896-6273(00)80261-5
http://dx.doi.org/10.1038/nn1736
http://dx.doi.org/10.1038/nn1736
http://dx.doi.org/10.1038/nn1736
http://dx.doi.org/10.1038/nn1736
http://dx.doi.org/10.1126/science.1255149
http://dx.doi.org/10.1126/science.1255149
http://dx.doi.org/10.1126/science.1255149
http://dx.doi.org/10.1126/science.1255149
http://dx.doi.org/10.1038/emboj.2011.189
http://dx.doi.org/10.1038/emboj.2011.189
http://dx.doi.org/10.1038/emboj.2011.189
http://dx.doi.org/10.1038/emboj.2011.189
http://dx.doi.org/10.1016/S1534-5807(03)00330-7
http://dx.doi.org/10.1016/S1534-5807(03)00330-7
http://dx.doi.org/10.1016/S1534-5807(03)00330-7
http://dx.doi.org/10.1016/S1534-5807(03)00330-7


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.32000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.32000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    34.69606
    34.27087
    34.69606
    34.27087
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    8.50394
    8.50394
    8.50394
    8.50394
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


