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4. DISCUSSION 


4. Discussion
The discovery of Mendel’s laws of heredity sparked a scientific quest to understand the content of genetic information in the last hundred years, especially the past decades when we have advanced from having very little information about the genetic details of biology to possessing an immense amount of structural information about individual genes. Currently, the complete genome sequences of humans and of more than 60 other species are available in databases. The complete of human genome program will lay the foundation for a broad range of functional genomic tools to facilitate analyses of individual gene functions. However, it only provides a new starting point for understanding the basic genetic makeup and variations. Our ability to deciphering such information remains woefully inadequate. Step by step, the scientific progresses will naturally focus on gene functional studies which may depend on the integration of unlimited information from different model organisms. The use of a combination of different animal models has been proved to be practicable to complement the deficiency of individual systems. Xenopus laevis is one of these well-established experimental model system. Screening a cDNA library of Xenopus by the large-scale whole-mount in situ hybridization is a good approach to isolate novel genes because the expression pattern often gives important clues about the functions of a gene and makes readily testable prediction. So it is a way for gene identification using characters of functional judgments directly and in this aspect it is on the further way than the genome project itself. Moreover, for most of all cDNA-generating ESTs, partially sequencing identified sequence homologies instead of sequencing full inserts is an efficient compromise in a large-scale approach to assign potential functions of a gene. 
4.1 Why not many endoderm-specific genes in our cDNA library?

The primary goal of this study was to identify novel endoderm genes involved in the early embryogenesis of Xenopus laevis and subsequently to study their functions. However most of the new sequences look like ectoderm or mesoderm-correlated genes though some early endoderm determinants such as Sox17( and Sox17( have also been isolated from this cDNA library. The tissue prepared for the construction of this cDNA library was activin-treated ectoderm, showing strong positive signals when it was analyzed by whole-mount in situ hybridization with the endodermal marker endodermin (Edd) (Sasai, 1996). However there were some mesodermal and neural derived tissues found by the histological inspection. The expression of ectoderm or mesoderm specific genes in the tissues was also detectable using sensitive approaches such as RT-PCR. Some endodermal determinants start to be activated very early. For example, mixer (Henry and Melton, 1998) is turned on and off specifically during the gastrulation; milk (Ecochard et al., 1998) is first detected at the stage 9 in the dorsal marginal zone, as the gastrulation proceeds it becomes undetectable at the late-gastrula stages; Sox17( and Sox17 ( (Hudson et al., 1997) are initiated even earlier; Edd expression begins just before the gastrula stages. While most of the endoderm specific genes initiate expression approximately a day after the gastrulation ends and just before the conversion of ectoderm to epidermis from the stage 25 to 30 (Henry and Melton, 1998), such as the liver fatty acid binding protein (LFABP), an anterior small intestine and liver marker (Gordon et al., 1983), Xlhbox-8 (Wright et al., 1988), a pancreatic homobox gene (homologous to Pdx1), and the intestinal fatty acid binding protein (IFABP), a marker of small intestine (Henry et al., 1996; Shi et al., 1994). Therefore, the period of culture after activin treatment may be too short to activate most endoderm genes. Alternatively, it also should be considered that the number of clones analyzed may be inadequate due to generally low ratio of endoderm determinants during the embryonic development.

4.2 XXBP-1 participates BMP-4 signaling pathway

It is demonstrated that XXBP-1, a leucine zipper transcription factor, is involved in BMP-4 signaling pathway and functions as a transcription activator. The overexpression of XXBP-1 in early embryos leads to the ventralization and can rescue neural induction of ectodermal explants as well as dorsolization of intact embryos imposed by the dominant negative BMPs receptor I (tBMPRI), suggesting that XXBP-1 acts downstream of BMP-4 receptor and mediates BMP-4 signaling in the epidermal induction and the inhibition of neural differentiation. 
4.2.1 Expression locations of XXBP-1 

According to the whole-mount in situ hybridization, XXBP-1 is expressed in the dorsal blastopore lip and the ventral ectoderm but not in the perspective neural plate. Moreover, it leads to ventralization of the injected embryos in overexpression experiments and directs epidermal fate in ectoderm in the animal cap assays when co-injected with tBMPRI. These evidences support that XXBP-1 acts as an epidermal inducer or a neural inhibitor. Although XXBP-1 is expressed in the dorsal blastopore lip, it plays a negative role for the dorsalization and neural induction of embryos. This is reminiscent of ADMP (anti-dorsaling morphogenetic protein, Moos Jr et al., 1995) which, demonstrating very strong ventralization activities, is also expressed in the dorsal blastopore lip. They are then unexpected genes in the Spemann organizer in light of classical embryological evidences that associate dorsalization influences with this region in the embryos. I also found that XXBP-1 could suppress gsc and chd, and up-regulate BMP-4, vent-1, vent-2 and Xhox3. Thus, it seems there are negative regulatory signal pathways affecting on the dorsal mesoderm differentiation. Ectopic noggin ablates the native expression of XXBP-1 in the animal cap assays, suggesting that XXBP-1 could be a direct or indirect target gene for noggin. At the late gastrula and neurula stages the signal staining of XXBP-1 is intensified on the cement gland primordium and mature cement gland, which is similar to that of BMP-4 (Fainsod et al., 1994; Hemmati-Brivanlou and Thomsen, 1995; Grammill et al., 2000). This, together with the fact that the signal is excluded from the neural plate at the gastrula stages and its activity for ventralization, implies that XXBP-1 may involve in BMP-4 signaling pathway. At the late neurula and early tailbud stage, the staining strip extends from cement gland to the ventral side (Figure 3.2-2N) and the corresponding sagittal sections show that the staining lies in the mesoderm closely adjacent to the epidermis of embryos (Figure 3.2-3B, B1). The expression domain of XXBP-1 is not the liver primordium (Hausen and Riebesell, 1991) although the knockout mouse lacking the mouse XBP-1 showed the disruption of liver development (Reimold et al., 2000). Nevertheless, the dramatic shift of its expression domain during the embryonic development and its presence in all tested adult tissues indeed indicate that XXBP-1 must play multiple roles for cell fate determination and embryogenesis. 

4.2.2 XXBP-1 lies the downstream of BMP-4 receptors and up-regulates BMP-4

Bone morphogenetic proteins (BMPs) are typical members of the transforming growth factor ( (TGF-() family with diverse roles in the embryonic development. They elicit wide biological responses in different biological contexts, which are partially due to intracellular cofactors that participate in BMPs and other signaling pathways (for review, see von Bunoff and Cho, 2001). Signaling pathway involving BMP-4 is implicated in both the mesoderm induction and the dorsoventral pattering. The binding of organizer antagonists such as chordin and noggin to BMP-4 appears to be responsible for the establishing a morphogen gradient of BMP-4 activities, which specifies different dorsoventral fates in the early gastrulae (for review, see Dale and Jones, 1999, De Robertis et al., 2000). Moreover, BMPs were strongly involved in the ectoderm differentiation. In the absence of BMP-4, the ectoderm will give rise to neural ectoderm. Conversely the ectoderm will differentiate into epidermis (for review, see Weinstein and Hemmati-Brivanlou, 1997).

In this study, I show evidences that XXBP-1 is involved in BMP-4 pathway. First, the expression pattern of XXBP-1 at the gastrula stages indicates that it may play a negative role in the neural induction. And the intensified signal staining on the cement gland at the neurula stages overlaps that of BMP-4. Second, ectopic expression of BMP-4 up-regulates the expression of XXBP-1 on the dorsal marginal zone (Figure 3.2-7A) and vice versa (Figure 3.2-11). Third, overexpression of each of them leads to ventralization of the injected embryos in a dose-dependent manner, resulting in phenotypes ranging from micorcephaly to Bauchstück. Fourth, both BMP-4 and XXBP-1 can suppress gsc (Figure 3.2-9I) while are down-regulated by noggin in animal cap assay (Figure 3.2-13). Finally, co-injection with XXBP-1 and truncated BMP receptor I (tBMPRI) can reverse the dorsalization induced by injection with tBMPRI alone, and direct the epidermal fate in the animal cap assay (Figure 3.2-12).

With respect to the hierarchy, the evidences support that XXBP-1 acts downstream of the BMPs receptor. tBMPRs are able to interfere with BMPs signaling pathway. Overexpression of tBMPRs in the ectoderm explants induces neural tissue as indicated by neural markers NCAM and Otx2. However, the expression of NCAM and Otx2 is suppressed and that of epidermal keratin is partially restored by the co-injection with tBMPRs and XXBP-1. This means the treated ectoderm adopts a cell fate prior to the epidermis and XXBP-1 is sufficient to attenuate the neural induction imposed by tBMPRI. In overexpression experiments, XXBP-1 can also reverse the dorsalization induced by tBMPRI. Thus it is suggested that XXBP-1 acts downstream of BMP-4 receptors, yet the induction of BMP-4 by XXBP-1 in the DMZ analyses raises the possibility that XXBP-1 is required for the maintenance of BMP-4 expression.

4.2.3 The correlation between XXBP-1 and Wnt/(-catenin pathway

BMP-4 is repressed at the dorsal side of embryo, including the dorsal mesoderm and the prospective neural plate during the gastrulation. There are some evidences that Wnt/(-catenin signaling pathway is involved in this process. In this signaling pathway, the signaling is mediated by the blockage of activity of glycogen synthase kinase 3 (Gsk3). The inhibition of Gsk3 stabilizes (-catenin so that it can form complexes with members of the family of LEF/TCF DNA-binding proteins. Consecutively the complexes facilitate the nuclear localization of these factors and therefore activate the target genes (for review, see Moon and Kimelman, 1998). Wnt/(-catenin signaling cooperates with the neural inducers to specify posterior versus anterior neural identity (McGrew et al., 1995) and the maternal (-catenin is required for dorsal mesoderm development between the stage 7 and 9 (Wylie et al., 1996). In Xenopus laevis, the activation of the Wnt/(-catenin singaling pathway inhibits BMP-4 transcription in ectodermal explants at the gastrula stages and results in the induction of neural marker (Baker et al., 1999). The treatment of Xenopus embryos with LiCl leads to a phenotype of dorsalization with greatly enhanced forebrain structures (Kao and Elinson, 1988). The treatment also leads to the differentiation of neurons as well as neural crest in ectodermal explants. LiCl inhibits the activity of glycogen synthase kinase ( (GSK- 3(), preventing the degradation of (-catenin. In this study, I also made attempt to investigate the relations between Wnt/(-catenin and XXBP-1. The results indicate that the expression locations of XXBP-1 are expanded to the whole DMZ of embryo in which Wnt/(-catenin signaling pathway is blocked by morpholino (-catenin oligos. And this phenotype can be mimicked by the dorsal overexpression of BMP-4 and the UV treatment. Thus it is shown here another evidence that there exists crosstalk between BMPs and Wnt/(-catenin signaling pathways, and also suggested that the Wnt/(-catenin pathway is involved in the neural induction and the neural plate patterning. The blockage of Wnt/(-catenin signaling path way will lead to the failure of the formation of the Spemann organizer, which in turn will not emanate the BMPs antagonists. The patterning of neural plate therefore are interfered. This may be the possible reason for the expansion of  XXBP-1 expression territories on the dorsal marginal zone of the embryo injected with MO (-catenin. Alternatively, XXBP-1 may be a direct negative target of Wnt/(-catenin or a indirect target regulated via BMP-4 signaling pathway, repressed from the neural plate by the activation of this pathway as BMP-4. Similarly, the regression of Dlx3, another anti-neural factor from the prospective neural plate, is also mediated by (-catenin (Beanan et al., 2000). Neither BMP-4 nor XXBP-1 is up-regulated in the ectoderm explants injected with MO (-catenin, suggesting the down-regulation of BMP-4 by Wnt signaling in the prospective neural plate needs the cooperation with other factors. In agreement with our hypothesis that Wnt/(-catenin is involved in the neural induction and the neural plate patterning, the neural induction in the absence of mesoderm can be initiated by the (-catenin dependent expression of secreted BMP antagonists at the blastula stage in Xenopus (Wessely et al., 2001).
4.2.4 XXBP-1 functions as a transcription activator

The predicted amino acids sequence reveals that XXBP-1 belongs to the basic leucine zipper family. In this protein family, the region adjacent to the leucine repeats is highly basic in each of the members and could comprise a DNA-binding site. The two leucine zippers in effect form a Y-shaped structure in which the zippers comprise the stem and the two basic regions bifurcate symmetrically to form the arms that bind to DNA. This is known as the bZIP. Zippers may be used to sponsor formation of homodimers or heterodimers (Lewin, 2000).

With the context of the embryos, the constructs fused with protein domains known to have repressive or activating transcriptional activities—the repressor domains of the Drosophila engrailed (EnR) and even-skipped proteins (Eve) and the activator domain of VP16, were employed to characterize the transcription activity of XXBP-1. This approach has been used successfully for characterization of the activity of several other transcriptional activators involved in Xenopus development (Conlon et al., 1996; Horb and Thomsen, 1997; Onichtchouk et al., 1998; Gómez-Skarmeta et al., 2001). XXBP-1 is demonstrated to have activator activity with several criteria. First, when fused with the activator domain of VP16, the construct of XXBP1-VP16 showed similar biological activities as the wild-type XXBP-1, i.e. ventralization of the embryos when injected dorsally and the phenotype of a posterior enlargement when injected ventrally. Second, both XXBP1-VP16 and XXBP-1 wild type cannot induce neural markers NCAM and nrp1. Third, when fused with the repressor domain of Eve, the XXBP1-Eve is able to induce twin axis when ventrally overexpressed though the ratio was relatively low. Moreover, in contrast to the wild-type XXBP-1, XXBP1-Eve can induce neural markers NCAM and nrp-1. Thus XXBP1-Eve up-regulates genes that would ordinarily be repressed by XXBP-1. The results shown by XXBP1-EnR are a blur. It cannot induce neural markers and twin axis but leads to the gastrulation defect giving rise to spina bifida. The obscure results may be due to the addition of 6 Myc domains NH2-terminal flank to the bZIP domain, which may interfere DNA binding activity of the fusion constructs. It’s worth noting that the gastrulation defect was observed in the overexpression of each construct. However, the results must be interpreted with respect to the likely mechanism of the action. The strong transcriptional activator or repressor domain will act wherever there is an accessible XXBP-1 binding site and not just in cells that express XXBP-1. This will inevitably lead to pleiotropic effects on differentiation by altering transcription level in the vicinity of XXBP-1 biding sites. Alternatively, the fusion constructs may have toxic effects and interfere with the normal embryonic development.

In the study of the truncated mutant of XXBP-1 containing the first 126 amino acids (including bZIP), the truncated construct has weak effects on the neural induction as indicated by the increased expression of Otx2 and NCAM. The overexpression of this truncated mutant also leads to gastrulation defect giving rise to spina bifida. These suggest that XXBP-1 forms homodimers to carry out its functions.

4.3 XMLP is involved in the process of morphogenetic movement.

The present data about XMLP shows that XMLP is involved in the normal development of neural tube and the primordium of the central nervous system. It also induces apoptosis in overexpression experiments. Data of other members of the MARCKS family together with my results suggest that XMLP is involved in the morphogenetic movement during early embryonic development. The disturbance of morphogenetic movement and induced apoptosis by overpression of XMLP could be reasons for the reduction of the anterior axis and eye defects.

4.3.1 XMLP and XMARCKS show different temporal expression patterns

The expression pattern of XMLP is different from its homologue MARCKS in Xenopus (XMARCKS). For XMARCKS, there is a clear decreased level from 4-cell stage to mid blastula transition (MBT), which reflects the decay of maternal transcripts. Thereafter, zygotic transcription of the MARCKS appeared to be switched on and maintained permanently active throughout development (Shi et al., 1997). In contrast, the reduced level of XMLP is not as significant as that of XMARCKS, i.e. XMLP is expressed strongly at stage 8. The lowest expression level is reached at the early tailbud stage and followed by an increase of the XMLP expression and maintenance of a constant level. The differences between the two homologues may reflect the expressions of redundancies regulated by different mechanisms. It should be noted that the primary sequence of XMLP shows a very low similarity to its homologue in human, mouse and rabbit. Alternatively, it could be a member of other protein families, which may account for the expression difference. The mice homologue of XMLP mRNA (F52) is expressed with a high level from 8.5 days post conception (dpc) through 14.5 dpc. At 17.5 dpc, the mRNA level remains high in the brain only, and not in other parts of embryos. Thus, F52 mRNA is abundantly expressed during the period of neurulation (Wu et al., 1996). Similarly, XMLP is also abundantly expressed in the neural folds in neurula stages, and shows a high expression level in the brain area of tadpole stage embryos. The signal location indicates that it plays an important role in the development of the central nervous system.

4.3.2 The blockage of XMLP can disturb normal anterior axis formation

Embryos with the blocked XMLP by the injection with morpholino (MO) XMLP show head reduction and eye defects, suggesting that XMLP is involved in anterior axis formation. This phenotype can be rescued by the injection with XMLP, which indicates that MO XMLP specifically binds XMLP mRNA. Data from in vitro studies of other members of this protein family show that they are very important for cell shape and cell motility. MARCKS is found associated with the plasma membrane and in the cytosol. The translocation happened prior to changes in cell morphology (Ramsden, 2000). I also suppose that the disturbance of normal morphogenetic movement cause the abnormal phenotype observed with injection of MO XMLP. If XMLP has a similar function as other members of this protein family, it is reasonable that the elimination of XMLP will change the cell morphology inevitably followed by a change of incident processes downstream in the embryonic development.

4.3.3 The function of XMLP is correlated with its ED domain and glycine at position 2— overexpression of XMLP can induce apoptosis 

Apoptosis is a part of the developmental program of an organism. At the beginning it could not be surely distinguished if the phenotype of overexpression experiments was due to RNA toxicity or specific functions of XMLP. LacZ, therefore, was microinjected as a control strictly under the same experimental conditions as that for XMLP capped mRNA. Since such phenotypes were not found in LacZ injected embryos, I could exclude the possibility of toxic effects (data not shown). The results from other studies also support my view with regard to this phenotype (Grammer et al., 2000). Many cDNAs encoding factors which cause cell damage or inhibit normal cell cycle progression (transcription inhibitors, translation inhibitors and mitosis blocking agents) can lead to the phenotype of apoptosis described above. Although there exist some reliable methods to show apoptosis in Xenopus, e.g. TUNEL or ELISA, it is important to focus the interest on the apoptosis observed in overexpression experiments. This is beneficial in identification and characterization of cell death inducers and effectors, and in distinction it from phenotypes caused by direct inhibition or cell death. 

The results here indicate that the ED domain (PSD) and the glycine at position 2 of XMLP are important for its function properties. The substitution of alanine for serine at the position 83 can reduce but not abolish XMLP apoptosis inducing activity in overexpression experiments because significant apoptosis is found only when the injection dose of S83A is increased as shown in Table 3.3-3. However, the intact ED domain is essential for this function. No significant differences were found between the SD mutant and XMLP wild type in overexpression experiments. But this highly conserved domain contained in MARCKS family must presumably have a certain function though so far no experimental evidence exists. Overexpression of MARCKS in tumor-derived choroidal melanoma cells, where the amount of the endogenous protein is very low, can significantly decrease cell proliferation (Manenti et al., 1998). Ectopic apoptosis may be one of the reasons for eye defects and the reduction of anterior in overexpression experiments, since normal embryonic development could be inhibited by severe ectopic apoptosis (Grammer et al., 2000). Overexpression of XMLP alone without any apoptosis does not inhibit the histolotypic differentiation of isolated dorsal blastopore lip.

 4.3.4 Overexpression of mutant ED inhibits the closure of neural tube

Interestingly, embryos injected with 1.6ng of XMLP ED mutant mRNA showed a phenotype which is quite similar to exencephaly in mice. In contrast to wild-type XMLP, it does not cause apoptosis, but aberrant tissue morphogenesis including abnormalities in eye formation and neural tube closure. These data are in agreement with observations in the mice that knockout XMLP homologues leads to embryonic exencephaly and postnatal anencephaly. Probably XMLP acts like F52, MARCKS and other PKC substrates such as GAP43 by mediating cytoskeletal changes and controlling of morphogenesis in different tissues. I suppose that adverse ED mutant molecules have a strong influence on cellular architecture. The introduced ED mutant molecules can compete with the native XMLP in vivo. They could be adulterated the cellular architecture during embryonic development, therefore must presumably alter the cellular architecture, influence the motility, and alter the mutual cell affinity to the surrounding cells resulting in a failure of neural tube closure. In contrast, MO XMLP does not cause such significant phenotype. This may be due to the partial compensation by other redundant molecules. It is also possible that abundant XMLP is already present in the embryos when MO XMLP was injected. The data support the view that XMLP participates in morphogenetic movements. Morphogenesis including neurulation requires multiple cellular processes such as cell proliferation, cell shape change and cell migration (Schoenwolf, 1990). All these processes depend on the reorganization of the cytoskeleton, cell-cell signaling and mutual cell affinity. Ectopic expression of XMLP and morpholino injection had no obvious effects on morphogenetic movements during gastrulation since injected embryos showed normal blastopore and yolk plug formation. It could then be argued that non-significant effects on embryonic development may be partially correlated with still high levels of maternal XMLP transcripts and their long half-life.

4.3.5 Ectopic expression of XCYP26 affects the expression pattern of XMLP

Several experiments have shown that RA can alter the positional values of cells in limb development and in the anterior-posterior axis formation (Conlon, 1995). The effects of RA are mediated at different levels, but mainly by gene transcription and interactions with multiple nuclear receptors (RARS and RXRs). RAR-RXR heterodimer binds to RA response elements (RARES) in the promoter regions of target genes and regulate transcription in a ligand-dependent manner. XCYP26 is a RA hydroxylase, which could rescue RA induced developmental defect and alter the expression patterns of some other molecular markers for neural development (Hollemann et al., 1998b). In this study, I also find that XCYP26 can influence the XMLP expression pattern. The signal stripe in stage 20 embryos on the injected side in contrast to that on the uninjected side gets diffused or even disappears. Therefore I suggest that RA participates in the regulation of XMLP and may be involved in anterior-posterior axis formation.

4.4 Expression of XAT in dorsal blastopore lip

Our results show that during embryogenesis, XAT is preferentially expressed around the blastpore and later in the notochord of neurula and tailbud stages. These data of the spatial and temporal expression of a gene encoding an enzyme close related to energy metabolism confirms classical experiments on the molecular level, which suggested that certain enzymes are active in form of a gradient-like pattern especially around the blastopore and in those parts of the embryo, where cell activities including cell division are most prominent (Sáxen and Toivonen, 1962). In addition, XAT was posteriorly intensified in the tailbud stage, showing much strong expression than the cranial part. This implies XAT may correlated with the FGF pathway because FGF is known to be essential for posterior patterning. Further functional experiments especially on the protein level will be essential to get a better understanding about the temporal and spatial control mechanisms of this enzyme.


