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During the process of neurulation in vertebrates, the ectoderm is differentiated into
several distinct tissue types including neural plate, epidermis, and neural crest. Recent works,
mainly in Xenopus, have focused upon molecular mechanisms that can direct ectoderm to neural
fates. In the models, neural induction is initially caused by inhibition of BMP activities in
ectoderm by secreted BMP antagonists Noggin, Chordin and Follisitatin that are induced in
Spemann’s organizer. Dorsal ectoderm that has low BMP signaling differentiated into neural plate
and ventral ectoderm that has high BMP signaling differentiated into epidermis. However, neural
crest induction is more complicated. Neural crest is induced at the border between prospective
neural plate and prospective epidermis. One model suggests that an intermediate level of BMP
signalling that is generated by the balance between the BMPs and BMP antagonists plays a role in
establishing the neural crest fate in Xenopus. It was also reported that canonical Wnt signalling
and fibroblast growth factor (FGF) signalling enhances neural crest induction, cooperating with
BMP antagonists. Several transcriptional factors that able to induced neural crest makers such as
Zic-related genes were reported. But many of them can also induce neural plate makers and they
are expressed in not only neural crest region but also neural plate, so it is complicated to
understand how ectoderm diverge to neural plate and neural crest fates. In addition, positioning
mechanism of neural-epidermal border and mechanism of neural crest induction are poorly
understood.

In order to understand of molecular mechanisms of ectodermal patterning, she first
focused on the in vivo BMP activity that is a basis of the neural and epidermal induction. She
performed visualization of endogenous BMP signaling using an antibody that preferentially
recognizes BMP-stimulated form of Smads. BMP signaling system composed of several BMP
ligands and receptors, and there are several negative regulators. Regulation of downstream target
genes and their roles are complex. Therefore it is quite difficult to evaluate BMP signals by
analyzing BMP target genes. A preferred method to evaluate BMP signaling in situ is to detect
activated forms of intracellular signaling molecules specific for BMP. Smads 1, 5, and 8 are best
characterized signaling components of BMP signals and believed to be mediating a major part of
BMP activity.

BMP signaling was observed uniformly in early blastula, but was restricted to the
ventral side of the embryo from the late blastula stage. At gastrula in ventral ectoderm
(prospective epidermis) and ventral mesoderm were stained intensively, and dorsal ectoderm
(prospective neural plate) and dorsal mesoderm were less stained. These results support the
proposed roles of BMPs as ventralizing factors and anti-neurulizing factors in Xenopus embryos.
From late gastrula, a gradient of staining becomes evident in the dorsal ectoderm, along the
anterior-posterior axis. In early neurula staining was gradually reduced along the DV axis in all
three germ layers again indicating the presence of a BMP signaling gradient. During the neural

tube forming stages, staining was observed at the dorsal part of neural tube. The location of

— 218 —



staining in dorsal neural tube is also consistent with previous findings showing that BMP family
members act as dorsalizing factors of the neural tube. The distinct gradient of staining was not
observed in neural tube. So it seems that BMP activity is a short-range signal at least in the dorsal
neural tube.

Next she performed the functional analysis of a newly isolated homeobox gene that
expressed neural-epidermal border. She identified a novel NK-1 class homeobox gene named Nbx.
Expression of Nbx was detected at neural-epidermal border at neural crest forming stages and
partially overlapped with neural crest makers. Nbx has an Ehl repressor motif and act as a
transcriptional suppressor. The gain-of-function analysis showed that Nbx suppressed neural plate
makers. The inhibition of neural induction by Nbx overexpression caused expansion of epidermal
maker into the neural plate, and suppressed neural crest induction at early neurula. In later stages,
however, enhanced expression of neural crest maker was observed at the injected region. Nbx is
not likely to be a direct neural crest inducer because Nbx could not induce neural crest maker
alone in the animal caps. Interestingly, co-injection of dominant negative form of BMP receptor
and Nbx caused melanophore induction efficiently in animal caps. Overexpression of a dominant-
negative form of Nbx (VP-Nbx-GR) expanded the neural plate markers such as Sox2 and Otx2, and
suppressed neural crest marker Slug. Therefore, she speculated that Nbx may be an essential
transcription factor to regulate neural-epidermal border by inhibiting the neural plate fate and
direct to neural crest induction. _

The pattern of BMP signaling visualized in this work supports the model of neural and
epidermal induction by BMP activity. Furthermore, she had demonstrated that a novel homeobox
gene Nbx may be essential for rigorous regional specification on neural-epidermal border and

neural crest induction in the downstream process of pattern formation by BMP activity.
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BYMOSHRED Y b, AREXEOEOEEENITIN o ¥ — VERIC & » THEMHRE
HOEWEFERE~OSLEEAFTONA TS, BEBEHIINRERY —UERIZET 5K
PETEE T BMP O MR DL ERRE~DOEEE BRI ORI T 7 VAV AT VHHRICRBYT
%5 BMP iEM O E LR Az, £ LT, BMP I & » TEWNICBITT S U R Smad (£
T AEBHRAERPAVEAERAICELY ., BABRICBT Z2NEBP EMRZ THRILT D Z
LIS L, TORRE, FEREBERICERV BUPEMERB D b, MBS HE DM
FEIBIFIC BV CTRT EMRER & FEEMREROERFILIZEN Snad BORO» 25
BEAGEETSZ L 2B LT L, BMP EHALERIT T EREEME —H T 5 2 L BUP &K
BHEERPLTHEIA—TFAF—LEHWENBEBWP 7T ¥ T=A MZ X > TADH
HEZFTCVWAEILEXETARKEL B, BIWPEHOADHIEIC & » THERESRE
Eh, BEERSTHRSN%., HRIEERE L OBERERICIIHIEE (neural crest) i
M 5, BEEFEILZ D neural crest MR OFEBE A AL 2T 5 7 I Xenopus EST
library O RBMBICRB L THERT L, NK1 77 Y —{ZJB& 7 % B homeobox gene
PEBEE L7, Nbx AT ONERBEFIIRBREMICERLEKR L, HREEHICIIR
F-MREERL TEEHHRERBR T LCHAEZDR NI A TRICREAPBRES LD H
ST - MRRERICB T AR BN T E neural crest BIRE —BT DT L6, Nbx
iX neural crest VLI BERBEF L E L. SLICHEMRITEIT o7, £ L T, Nbx i3#s
BEMEHIETFE LTOBESE - Z L Nbx 2R CEREHE S 5 & neural crest LEREAEIN
AKBELNBEZ L, Nox EMHAEET HEMEMEL Nox Z RICIBRIFER ST D L Sox2 ¥
0tx2 L WV o R RM A~ — I —BEFORENFEE SN, slug 2 & neural crest §f
BHBETAMHESND 2 RVELE, &5 BUPEMEEEIC X > THEL S 72
Bz Nox 2 RBEESE D EMBR~— VI —BEFOFELZIMH L neural crest ZFHET D
TLEMER L, UEOREIZ., Nox RRE-FHEREIRICEBWVTHRER, T2OLFED
FHREMRR~OEMREZIHE L. neural crest ~OSLERET AEELXFESOZETRT
LOTHY FHHURMESLEL . FARIXE LTHIELWHFRERNAETH S L HT ST,

ST L TR SNEFEERIODVWTOOBERERToL%. BEEZENHRIN
BIZOWTHE L, Sbic, RHEZOBEENELHO—RMBBIOEOERLRDLE
BHBICOWTHOEABICEVEELEL, ThL0RBMEH T2 HEZEOCINEFIXINTN
LR THoo b, BEARIC O RMEEE LTV b0 EbND, £k, &
HENERAIEEETEINTEY, ZADORIBT CRERFECRERREA TS Z &
b, HEOEARKSDVWITHLEBETHILEZD, BEZEEARIALOKREREHMICH
BrL, BHEEZOENIFMNBBCHSET SO0 LB L,
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