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Background
Piwi proteins are essential for germ line development, stem cell 
maintenance, and more recently found to function in epigenetic 
and somatic gene regulation. In the sea urchin Strongylocentrotus 
purpuratus, two Piwi proteins, Seawi and Piwi-like1, have been identified, 
yet their functional contributions have not been reported.

Results
Here we found that Seawi protein was localized uniformly in the early 
embryo and then became enriched in the primordial germ cells (PGCs) 
(the small micromere lineage) from blastula stage and thereafter. 
Morpholino knockdown of Sp-seawi diminished PGC-specific localization 
of Seawi proteins, and altered expression of other germ line markers 
such as Vasa and Gustavus, but had no effect on Nanos. Furthermore, 
Seawi knockdown transiently resulted in Vasa positive cell proliferation 
in the right coelomic pouch that appears to be derived from the small 
micromere lineage, yet they quickly disappeared with an indication 
of apoptosis by larval stage. Severe Seawi knockdown resulted in an 
increased number of apoptotic cells in the entire gut area.

Conclusion
Piwi proteins appear to regulate PGC proliferation perhaps through 
control of Vasa accumulation. In this organism, Piwi is likely regulating 
mRNAs, not just transposons, and is potentially functioning both inside 
and outside of the germ line during embryogenesis [1].The mouse inner 
ear develops from a simple epithelial pouch, the otocyst, withthe dorsal 
and ventral portions giving rise to the vestibule and cochlea, respectively. 
The otocyst undergoes a morphological change to generate flattened 
saclike structures, known as out pocketing, in the dorsal and lateral 
regions. Out pocketing, with the central region (the fusion plate) 
undergoing de-epithelialization and disappearing. However, little is 
known of the mechanism that orchestrates formation of the semicircular 
canals. We now show that the area of canonicalWnt signaling changes 
dynamically in the dorsal otocyst during its morphogenesis. The genes 
for several Wnt ligands were found to be expressed in the dorsal otocyst 
according to specific patterns, whereas those for secreted inhibitors of 
Wnt ligands were expressed exclusively in the ventral otocyst. With the 
use of whole-embryo culture in combination with potent modulators of 
canonicalWnt signaling, we found that forced persistence of such 
signaling resulted in impaired formation both of the lateraloutpocketing 
and of the fusion plates of the dorsal out pocketing. Canonical Want 
signaling was found to suppress Netrin1 expression and to preserve the 
integrity of the out pocketing epithelium. In addition, inhibition of 
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canonicalWnt signaling reduced the size of the otocyst, likely 
through suppression of cell proliferation and promotion of 
apoptosis. Our stage-specific functional analysis suggests that 
strict regulation of canonicalWnt signaling in the dorsal otocyst 
orchestrates the process of semicircular canal formation [2]. 
Fertility control in the form of a zona pellucida (ZP)-based 
immunocontraceptive has shown potential as a humane form 
of control for overabundant marsupials including the brush tail 
possum and macro pods. Further refinement and development 
of a ZP-based vaccine requires detailed knowledge of the protein 
structure and expression in order to ensure maximum efficacy 
and specificity. Sequencing and comparative analysis of the 
ZP3 protein from three marsupial orders in this study found a 
high overall level of conservation; within order Diprotodontia, the 
ZP3 protein is 86.9-98.9% identical. ZP3 identity falls to 56.6-
57.2%, when the grey, short-tailed opossum (a Didelphimorphian) 
is compared to dasyurid and diprotodontan marsupials. This is 
similar to its amino acid identity with ZP3 from eutherian species 
(50.7-52.8%). Comparison of a 21 amino acid epitope in 
marsupial ZP3 that has shown contraceptive effects, reveals 95-
100% identity between the four macropodid species, 81-86% 
amino acid identity between brush tail possum and the 
macropods and 67-71% identity between the diprotodontans 
and the fat-tailed dunnart (a dasyurid). This is comparable to the 
level of identity between related eutherian mammals. The 
expression pattern of three ZP genes during brush tail possum 
and tammar wallaby pouch young development was examined 
by RT-PCR. This analysis of ZP gene expression has confirmed 
that ZP mRNA transcription begins in the ovary during pouch 
young development by about 51 days of age. The presence of 
ZP transcripts at this stage in pouch young development 
suggests that marsupial ZP gene transcription begins before 
the onset of follicular development [3]. Reciprocal inductive 
interactions are postulated to play a role in the determination 
and differentiation of the pituitary gland and the ventral 
hypothalamus. The homeobox gene Rpx/Hesxl is expressed 
during gastrulation in the anterior endoderm, prechordal plate, 
and the prospective cephalic neural plate, and at later stages of 
development in Rathke’s pouch, the primordium of the pituitary. 
We have defined the regulatory elements necessary for proper 
spatial and temporal expression during development in 
transgenic mice using lacZ reporter genes. Proper spatial and 
temporal expression in the anterior endoderm prechordal plate 
and anterior neural plate can be recapitulated with as little as 
568bp of upstream sequence and intragenic sequence 
containing the first exon and intron. Late-stage expression in 

Rathke’s pouch requires additional negative and positive 
regulatory elements. Interestingly, deletion analysis uncovered 
an element that directs transgene expression to a region of the 
hypothalamus that lies in direct contact with Rathke’s pouch. In 
vitro tissue recombination experiments have established that 
this expression is induced by contact with the pouch. We 
propose that this element may be present in other genes that 
normally respond to signals emanating from the pouch during 
the development of the hypothalamic-pituitary axis. The Rpx-
lacZ transgenic mice provide a novel model system for the 
molecular dissection of inductive cell signaling during pituitary 
development [4]. Anterior definitive endoderm, the future 
pharynx and foregut lining, emerges from the anterior primitive 
streak and Hensen’s node as a cell monolayer that replaces 
hypoblast during chick gastrulation. At early head process 
stages (4+ to 6; Hamburger and Hamilton) it lies beneath, lateral 
to and ahead of the ingressed axial mesoderm. Removal of the 
monolayer beneath and ahead of the node at stage 4 is followed 
by normal development, the removed cells being replaced by 
further ingressing cells from the node. However, similar removal 
during stages 4+ and 5 results in a permanent window denuded 
of definitive endoderm, beneath prechordal mesoderm and a 
variable sector of anterior notochord. The foregut tunnel then 
fails to form, heart development is confined to separated lateral 
regions, and the neural tube undergoes no ventral flexures at the 
normal positions in brain structure. Reduction in forebrain 
pattern is evident by the 12-somite stage, with most neuraxes 
lacking telencephalon and eyes, while forebrain expressions of 
the transcription factor genes GANF and BF1, and of FGF8, are 
absent or severely reduced. When the foregut endoderm 
removal is delayed until stage 6, later forebrain pattern appears 
once again complete, despite lack of foregut formation, of 
ventral flexure and of heart migration. Important gene 
expressions within axial mesoderm (chordin, Shh and BMP7) 
appear unaffected in all embryos, including those due to be 
pattern-deleted, during the hours following the operation when 
anterior brain pattern is believed to be determined. A specific 
system of neural anterior patterning signals, rather than an 
anterior sector of the initially neutrally induced area, is lost 
following operation. Heterotopic lower layer replacement 
operations strongly suggest that these patterning signals are 
positional specific to anterior most presumptive foregut. The 
homeobox gene Hex and the chick Frizbee homologue Crescent 
are both expressed prominently within anterior definitive 
endoderm at the time when removal of this tissue results in 
forebrain defects, and the possible implications of this are 
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discussed. The experiments also demonstrate how stomodeal 
ectoderm, the tissue that will, much later, form Rathke’s pouch 
and the anterior pituitary, is independently specified by anterior 
most lower layer signals at an early stage [5]. We have isolated 
from mouse a novel WD-motif-containing gene designated 
Preb. This gene encodes a predicted protein of 416 amino acids 
and has significant homology with other members of the WD-
motif gene super family that play a role in cell fate determination. 
Preb maps to the proximal end of chromosome 5 in mouse, near 
the Hmx1 home box gene. Preb is detectable in early stage 
embryos in the peripheral nervous system, developing liver and 
surface ectoderm. Later, Preb is expressed in the anterior 
portion of Rathke’s pouch, which gives rise to the anterior 
pituitary, the organ responsible for the production of prolactin 
and other hormones. In midge station embryos, the most 
extensive expression of Preb is observed in the perichondrium 
of the craniofacial, axial, and appendicular skeleton. The 
expression pattern of Preb in murine embryos suggests a 
potential role in the specification of multiple cell types, in 
particular, the fetal skeleton [5,6]. The expression of a common 
alpha-subunit mRNA of glycoprotein hormones was examined 
in the pituitary of chick embryos at various stages of development 
by in situ hybridization with a digoxigenin-labeled quail alpha-
subunit cRNA probe. As a comparison with the expression of 
alpha-subunit mRNA, the onset of luteinizing hormone (LH) 
immunoreactivity was examined by immunohistochemical 
staining with a chicken LH antiserum. Both alpha-subunit mRNA 
and LH immunoreactivity began to appear in the basal-posterior 
region of the Rathke’s pouch at embryonic day (E) 3.5. At E4.5 
when the cephalic and caudal lobes of the pars distal is could be 
distinguished in the Rathke’s pouch, intense signal for alpha-
subunit mRNA was restricted to the cephalic lobe, consisting of 
a high columnar epithelium. At E6, gonadotrophs that were 
ovoid in shape, expressed intense signal for alpha-subunit 
mRNA, and revealed intense immunoreactivity for LH, were first 
detected in the cephalic lobe. At this stage, alpha-subunit mRNA 
expression became weak in the undifferentiated columnar cells 
of the cephalic lobe. At E8, the pars tuberalis primordium located 
close to the median eminence was formed at the lateral-apical 
end of the cephalic lobe. The primordium expressed intense 
signal for alpha-subunit mRNA. Gonadotrophs showing 
immunoreactivity for LH were densely distributed throughout 
the cephalic and caudal lobes in 8-day-old embryos. The pars 
tuberalis primordium expressing alpha-subunit mRNA 
progressively extended along the median eminence with 
embryonal age and reached the rostoral end by E14. Thus, both 

primordia of the pars distalis and pars tuberalis expressed 
intense signal for the common alpha-subunit mRNA. This 
subunit may play a role in the cytodifferentiation of the 
adenohypophysis [7]. Glucocorticoids play an important role in 
embryonic development. The existence of sufficient amounts of 
their receptors during rodent embryogenesis has proved to be 
an absolute necessity for the physiological growth of the animal. 
We have analyzed the pattern of glucocorticoid receptor gene 
expression in the rat embryo through embryonic days 12 to 17, 
by using in situ hybridization histochemistry. Glucocorticoid 
receptor mRNA is present in the rat liver on embryonic day (E) 
12, and by E13 the signal can also be detected in several other 
tissues, such as the lung, the heart, the mesonephros, the 
sclerotomes, the thymus and Rathke’s pouch. Glucocorticoid 
receptor gene expression was quite ubiquitous in tissue 
derivatives of all three germ layers and appeared to vary in 
intensity within the same tissue during embryogenesis. These 
variations in the level of receptor gene expression paralleled the 
developmental stage of each tissue: Intense labeling was 
detected just prior to the final differentiation step of a structure. 
Upon differentiation, cell populations highly expressing 
glucocorticoid receptor gene in the previous stage were found 
to have reduced amounts of the receptor mRNA. Our results 
support a morphogenetic role for glucocorticoids during 
embryogenesis [8]. Members of the NK family of homeobox 
transcription factors regulate critical steps of organogenesis 
during vertebrate development. In the studies described in this 
report, we have isolated and functionally characterized the 
chicken Nkx-2.8 (cNkx-2.8) cDNA and protein and defined the 
temporal and spatial pattern of cNkx-2.8 gene expression during 
chicken development.cNkx-2.8 transcripts are first detectable at 
HH stage 7 in the splanchnopleura. At stage 10(+), the cNkx-2.8 
gene is expressed in the linear heart tube and the dorsal half of 
the vitelline vein. However, after looping, HH stage 13, cNkx-2.8 
is no longer expressed in the looped heart tube, but is expressed 
in the ventral pharyngeal endoderm. At stage 15, in addition to 
the pharyngeal expression pattern, cNkx-2.8 is expressed in the 
ectoderm of the pharyngeal arches and the aortic sac. By HH 
Stage 17, cNkx-2.8 expression is detectable in lateral endoderm 
of the second and third pharyngeal pouches, the posterior 
portion of the aortic sac, and the sinus venosus. cNkx-2.8 binds 
to previously characterized Nkx2-1 and Nkx2-5 DNA-binding 
sites and overexpression of cNkx-2.8 transactivates a minimal 
promoter which contains multimerized Nkx-2 DNA-binding 
sites. In addition, cNkx-2.8 and serum response factor can co 
activate a minimal cardiac alpha-action promoter. These data 
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are consistent with a model in which cNkx-2.8 performs a 
unique temporally and spatially restricted function in the 
developing embryonic heart and pharyngeal region. Moreover, 
the co expression of cNkx-2.5 and -2.8 raises the possibility that 
cNkx-2. 8 may have a redundant role with cNkx-2.5 in the 
coalescing heart tube and may play an important role in the 
transcriptional program (s) that underlies thymus formation. 
The existence of multiple NK-2 family members and their 
partially overlapping patterns of expression are discussed within 
the framework of a “Nkx code.”[9]. The aim of the present study 
was to investigate the sequential expression of placental 
glutathione S-transferase (GST-P) during 7, 12-dimethylbenz [a] 
anthracene (DMBA)-induced hamster buccal pouch squamous 
cell carcinogenesis. Both immunohistochemical and 
immunoblot analyses were employed to detect the epithelial 
GST-P in hamster buccal pouch mucosa over a 15-week 
treatment regimen. No GST-P positivity was demonstrated in 
the pouches of the control group. GST-P positive cells were first 
noted as early as 1 week after DMBA applications. A gradual 
increase in both the mean number and size of GST-P-positive 
foci was noted in the first 12 experimental weeks, but a plateau 
level was approached thereafter. The early GST-P-positive-area 
was located in the basal layer, or occasionally in the middle layer, 
of DMBA-treated hamster buccal pouch mucosa. Later, the 
stained sites became enlarged and were scattered randomly in 
different layers or in the whole thickness of the dysplastic and 
non-dysplastic epithelium. The keratin layer was only 
occasionally involved during the first 12 weeks of DMBA 
treatment but positive staining was more noticeable in the final 
stage of the experiment. Both exophytic (8-12 weeks) and 
invasive (13-15 weeks) squamous cell carcinomas showed 
GST-P positivity, in both cytoplasmic and nuclear components. 
Immunoblot analysis revealed no band in the crude tissue 
extracts of the control pouches whereas GST-P polypeptide of 
molecular weight approximately 26kD was demonstrated in 
DMBA-treated pouches over the whole 15-week treatment 
regimen. Results of the present work indicate that GST-P is a 
stable and persistent label for almost all of the carcinogen-
altered cells during DMBA-induced hamster buccal pouch 
carcinogenesis. Immunohistochemically detectable GST-P may 
be a potential marker throughout oral chemical carcinogenesis 
[10]. Pax-1 encodes for a DNA-binding transcriptional activator 
that was originally discovered in murine embryos using a probe 
from the Drosophila paired-box-containing gene, gooseberry-
distal. We have cloned the avian Pax-1 gene as a basis for 
experimental studies of the induction of Pax-1 in the paraxial 

mesoderm. The amino acid sequence of the paired-domain is 
exactly the same in the quail and mouse, whereas outside the 
paired-domain there is 61% homology. Starting at about the 
eight-somite stage, quail Pax-1 is expressed in the paraxial 
mesoderm in a craniocaudal sequence. The unsegmented 
paraxial mesoderm and the two most recently formed somites 
do not express Pax-1. In the epithelial somite, the somitocoele 
cells and the cells of the ventral two-thirds of the epithelial wall 
are positive. As soon as the sclerotome is formed, only a subset 
of sclerotome cells expresses Pax-1. These are the cells that 
migrate towards the notochord to form the perinotochordal 
tube. Expression then becomes restricted to the intervertebral 
discs, the perichondrium of the vertebral bodies and the 
connective tissue surrounding the spinal ganglia. Additional 
expression domains are found in the scapula and the pelvic 
region, distinct areas of the head, and the epithelium of the 
second to the fourth visceral pouch. In later stages the thymus 
is positive. In vitro and in vivo experiments show that the 
notochord induces Pax-1 in the paraxial mesoderm, but limb 
bud mesoderm is not competent to respond to notochordal 
signals. Floor plate is also capable of inducing Pax-1 expression 
in sclerotome cells. Our studies show that in competent cells of 
the paraxial mesoderm, Pax-1 is a mediator of signals emanating 
from the notochord and the floor plate [11].
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