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Semaphorins, originally identified as axon guidance factors in the nervous system, play integral roles
in organogenesis. Here, we demonstrate a critical involvement of Sema6D in cardiac morphogenesis.
Ectopic expression of Sema6D or RNA interference against Sema6D induces expansion or narrowing of
the ventricular chamber, respectively, during chick embryonic development. Sema6D also exerts
region-specific activities on cardiac explants: a migration-promoting activity on outgrowing cells from
the conotruncal segment and a migration-inhibitory activity on those from the ventricle. Plexin-Al
mediates these activities as the major Sema6D-binding receptor. Plexin-A1 forms a receptor complex
with vascular endothelial growth factor receptor type 2 in the conotruncal segment or with Off-track in
the ventricle segment; these complexes are responsible for the effects of Sema6D on the respective
regions. Thus, the differential association of Plexin-Al with additional receptor components entitles

Sema6D to exert distinct biological activities at adjacent regions. This is crucial for complex cardiac

morphogenesis.

Key Words Semaé6D, plexinAl, OTK, VEGFR2, Cardiac morphogenesis

wE

The semaphorin family of proteins is characterized by a phylogenetically conserved “sema domain”
in the extracellular region. Based on additional structural features, such as the presence or absence of
transmembrane domains, Ig-like domains, thrombospondin repeats, and glycophosphatidylinositol
linkage sites, the family has been subdivided into eight groups, which also include virally derived proteins.
Semaphorins were originally identified as axon guidance factor in the nervous system, including
fasciculation, axon branching and target selection. Increasing evidence indicates that semaphorines play
developmental and regulatory roles in organogenesis outside of the nervous system, such as angiogenesis,

tumor growth and metastasis, and immune response. In this study, we isolated a class VI semaphorin,
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Sema6D, from the mouse heart and assessed the role of Sema6D in organogenesis, utilizing the whole

chick embryo culture system. Ectopic expression of SemaéD as well as RNA interference (RNAi) against

Sema6D induced malformations in cardiac tube. Furthermore, Sema6D was found to participate in

cardiac morphogenesis by exerting distinct biological activities through its receptor, Plexin-Al, that

formed receptor complexes with OTK and vascular endothelial growth factor receptor type 2 (VEGFR2)

in adjacent regions of the cardiac tube.

MNREFE:

1.

Chicken embryo cultures. Fertilized chicken eggs were incubated at 38°C in high humidity. Embryos,
staged according to the Hamburger and Hamilton method, were removed from eggs and placed
ventral side up in culture dishes.

Construction of ¢cDNAs. To isolate mouse cDNAs encoding semaphorin and plexins from total
mouse heart cDNAs, we used a RT-PCR method using degenerative oligonucleotide primers.

In situ hybridization. Chick and mouse embryos at the desired stages were fixed and then hybridized
with DIG-labeled antisense RNA probes. The cDNA sequences of cSema6D, cPlexin-Al, VMHC],
AMHCI, Semaé6D, and Plexin-Al were used to transcribe cCRNAs for in situ hybridization probes.
Gain of function assay of Seam6D. control or sema6D-expressing cells were implanted into HH
stage 4 chick embryos. These embryos were allowed to develop up to HHstage32. Ectopic
expression of Sema6D resulted in abnormal cardiac tube formation, an expansion of the ventricle.
Loss of function assay of Seam6D. siRNAs for control, chick Sema6D and chick Plexin-Al were
chemically synthesized, then electroporated into precardiac mesoderm of HHstage7 chick embryo.
Knockdown of the Sema6D and PlexinA1 reduced cardiac ventricle size, the narrowing of ventricle.
Identification of receptor for Sema6D. RT-PCR identified Plexin-Al, Plexin-A2, Plexin-A4,
Plexin-B1 and NP1 mRNAs from mouse heart mRNAs. HEK293 cells were transfected with these
DNAs and then incubated with alkaline phosphatase (AP) fused truncated Sema6D-Fc domain.
AP-Sema6D-Fc specifically bound to Plexin-Al indicating that Plexin-A1 is the major receptor for

- Sema6D.

Collagen gel culture assay of cardiac explants. The conotruncal (CT) segment and the ventricle of
the heart from HH stage 14 chick embryos were dissected and placed onto collagen gels next to the
transfectants that secreted sema6D. The outgrowths of the CT segment and the ventricle were
measured. Sema6D enhanced the outgrowth from CT segment, but decreased that from ventricle
segment.. »

Identification of co-receptor for plexinAl. RT-PCR indentified unique expression of VEGFR2 in CT
segment, and Off-track in ventricle. RNAi against VEGFR2 and off-track inhibited sema6D effect

on outgrowth from CT segment and ventricle explant, respectively.
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BR:

1. Sema6D mRNA is expressed in the developing neural and cardiac tubes.

2. Ectopic expression of Sema6D and RNAi against cSemaéD result in abnormal cardiac tube
formation.

3. Sema6D induces distinct effects on the outgrowth from explants of differentregions of cardiac tube.

4. Plexin-Al binds to Sema6D and its mRNA is expressed in the developing neural and cardiac tubes
and mediates the effect of Sema6D on chick embryo.

5. Truncated Plexin-Al and RNAI against cPlexin-A1 block the effect of Sema6D on cardiac explants.

6. Plexin-Al interacts with OTK and VEGFR2.

7. Differential association of Plexin-Al with OTK and VEGFR2 conveys the opposite effects of

Sema6D on ventricle and CT segment.

ER:

Sema6D exerts region-specific activities on cardiac explants: a migration-promoting activity on
outgrowing cells from the CT segment and a migration-inhibitory activity on those from the ventricle.
Plexin-A1 mediates these activities as the major Sema6D-binding receptor. Plexin-Al is associated with
VEGFR2 in the CT segment and off-track in the ventricle explant. These receptor complexes determine
the regional specific effect on cardiac morphogenesis by SemaéD. Thus, our findings present the clear
evidence that the semaphorin system is critical in cardiac morphogenesis by regulating cell migration.
Furthermore, the finding that the region-specific association of its canonical receptor with various
receptor-type tyrosine kinases determines pleiotropic activities of Sema6D provides a new insight into the

molecular basis of semaphorin signals.
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