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     Apoptosis, or programmed cell death, plays an important role in many biological processes, 
including embryogenesis, development of immune system, maintenance of tissue homeostasis, and 
elimination of virus-infected and tumor cells. We found cell surface Fas antigen (Fas) which can 
directly mediate apoptosis-inducing signals into cells by stimulation with agonistic anti-Fas mAbs 
or Fas ligand. Our main research project is to understand the intracellular signal transduction 
mechanism of cell death including apoptosis and caspase-independent novel cell death, and the 
biological significance/physiological role of cell death and cell death-regulating molecules. 
Investigations of molecular mechanisms and physiological roles of cell death are important for a 
better understanding of mammalian immune system, embryogenesis and tumorigenesis. 
 
1) TGF-β regulates cell survival or death by activating Slug and Bim: M. OHGUSHI, T. 

YMAMOTO,  P. BOUILLET, A. STRASSER, E. NISHIDA, and S. YONEHARA 
 
     Transforming Growth Factor-β (TGF- β) can activate pro- or anti-apoptotic signals depending 
on the target cells. The molecular mechanisms determining the fate of TGF-β-stimulated cells, life 
or death, have not been defined. Here, we found that pre-treatment with IFN-γ or JNK-specific 
inhibitors sensitized several B cell lines or splenic B cells to TGF-β-induced apoptosis. Slug, a 
homologue of C. elegans anti-apoptotic Ces-1, was found to be induced by TGF-β and this 
induction was diminished by treatment with either IFN-γ or JNK-specific inhibitors. Analyses of 
Slug-knockdown cells indicated that Slug is required for survival of TGF-β-stimulated cells. 
Furthermore, analyses of Bim-deficient B cells revealed that this BH3-only protein is essential for 
TGF-β-induced apoptosis in the absence of Slug. Collectively, these results demonstrate that TGF-β 
regulates cellular survival or death by activating and/or regulating opposing signaling pathways. 
 
2) Novel cell death by CNBP-mediated downregulation of eEF1A1 expression in tetraploids 

with chromosomal aberrations:  Y. KOBAYASHI, and S. YONEHARA 
 

When two duplicated sister chromatids are not properly compacted in mitosis, chromosomes 
are mis-segregated, inducing genetically unstable tetraploidy known to facilitate aneuploid 
malignancies. Therefore, tetraploid cells should be eliminated in vivo. Here we show that tetraploid 
cells induced by impaired mitotic chromosomal condensation are eliminated by a novel type of cell 
death different from caspase-dependent apoptosis. The cell death was executed by the 
downregulation of eukaryotic translation elongation factor 1 alpha 1 (eEF1A1/EF-1α), a typical 
housekeeping gene products, because expression of exogenous eEF1A1 inhibited the cell death. The 



 

 

downregulation of eEF1A1 was induced by cellular nucleic acid binding protein (CNBP)-mediated 
translational inhibition, and the cell death was also inhibited by expression of short hairpin RNA 
specific for CNBP. Furthermore, human mammary gland adenocarcinoma-derived MCF-7 cells 
were shown to impair the cell death machinery in tetraploids by abnormally over-expressing 
eEF1A2, a homologue of eEF1A1, which might have accelerated tumorigenesis. 
 
3)  Rapid up-regulation of c-FLIP expression by BCR signaling through the PI3K/Akt 

pathway inhibits simultaneously induced Fas-mediated apoptosis in murine B 
lymphocytes: H. MORIYAMA, and S. YONEHARA 

 
Cross-linking of BCR rapidly induces protection of B cells from Fas-mediated apoptosis, 

which has been assumed one of the important survival mechanisms of B cells during antigen 
stimulation. In the mouse B cell line A20, which is sensitive to Fas-mediated apoptosis, stimulation 
of BCR inhibited apoptosis induced via Fas upstream of caspase-8 activation with an associated 
rapid increase in the expression of both short and long forms of cellular caspase-8/FLICE-inhibitory 
protein (c-FLIP). The c-FLIP competitively inhibited the recruitment of caspase-8 to the 
death-inducing signaling complex (DISC), which took as long as 3 h to form after the stimulation of 
Fas in A20 cells. Knockdown of c-FLIP by a short hairpin RNA-expressing method rendered 
BCR-stimulated A20 cells sensitive to Fas-mediated apoptosis. The BCR-induced rapid expression 
of c-FLIP was not affected by inactivation of NF-κB, but was inhibited by either treatment with a 
PI3K inhibitor, LY294002, or expression of a dominant negative PI3K p85 subunit, both of which 
suppressed phosphorylation of Akt and sensitized BCR-stimulated A20 cells to Fas-mediated 
apoptosis. Overexpression of constitutively active Akt was shown not only to up-regulate c-FLIP 
expression but also to render A20 cells resistant to Fas-mediated apoptosis. Moreover, treatment 
with LY294002 also suppressed BCR-induced up-regulation of c-FLIP expression in spleen B cells. 
Taken together, BCR-stimulation was shown to rapidly trigger a survival signal against 
simultaneously or ongoingly stimulated Fas-mediated apoptosis by promoting a PI3K/Akt signaling 
pathway-mediated up-regulation of c-FLIP expression. 

 
4)   Activation of Brachyury transcription by Wnt signals in mesoderm induction of mouse 

ES cells: A. MURAKAMI 
 

Brachyury, a sequence specific transcription factor, has been believed to play an important 
role in mesoderm formation during gastrulation of mouse embryos. Wnt signaling pathways have 
been also shown to be essential for the mesoderm induction. In R1 ES cells differentiated through 
the embyoid body formation, Brachyury transcription was up-regulated immediately after the 
induction of differentiation and ceased by day 6 with a peak at day 4. A similar expression pattern 



 

 

was observed for Wnt3 and Wnt8a among the Wnt family. Introduction of a Wnt3 or Wnt8a signal 
into R1 cells resulted in up-regulation of the Brachyury expression. On the other hand, repression of 
Wnt3 or Wnt8a expression by RNA interference led to suppression of the Brachyury expression. 
These results suggest that both signaling pathways by Wnt3 and Wnt8a are likely to play an 
essential role in the activation of Brachyury transcription. Interestingly, the repression of Wnt3 and 
Wnt8a also suppressed the Wnt8a and Wnt3 expression, respectively. Thus, the Wnt3 transcription 
depends on a Wnt8a signal and vice versa. It is likely that the coordinated Wnt signals by Wnt3 and 
Wnt8a activate Brachyury expression in the mesoderm induction of ES cells. 

 
5)  The initiator caspase, caspase-10β, and the BH-3-only molecule, Bid, demonstrate 

evolutionary conservation in Xenopus of their pro-apoptotic activities in the extrinsic 
and intrinsic pathways: K. KOMINAMI, C. TAKAGI, T. KURATA, A. KITAYAMA, 
M. NOZAKI, T. SAWASAKI, K. KUIDA, Y. ENDO, N. MANAB, N. UENO, and K. 
SAKAMAKI  

 
Two major apoptotic signaling pathways have been defined in mammals, the extrinsic pathway, 
initiated by ligation of death receptors, and the intrinsic pathway, triggered by cytochrome c release 
from mitochondria. Here, we identified and characterized the Xenopus homologs of caspase-10 
(xCaspase-10β), a novel initiator caspase, and Bid (xBid), a BH3-only molecule of the Bcl-2 family 
involved in both the extrinsic and intrinsic pathways. Exogenous expression of these molecules 
induced apoptosis of mammalian cells. By biochemical and cytological analyses, we clarified that 
xCaspase-10β and xBid exhibit structural and functional similarities to their mammalian 
orthologues. We also detected xCaspase-10β and xBid transcripts during embryogenesis by 
whole-mount in situ hybridization and RT-PCR analysis. Microinjection of mRNA encoding a 
protease-defect xCaspase-10β mutant into embryos resulted in irregular development. Enforced 
expression of active xBid induced cell death in developing embryos. Using transgenic frogs 
established to allow monitoring of caspase activation in vivo, we confirmed that this form of cell 
death is caspase-dependent apoptosis. Thus, we demonstrated that the machinery governing the 
extrinsic and intrinsic apoptotic pathways are already established in Xenopus embryos. 
Additionally, we propose that the functions of the initiator caspase and BH3-only molecule are 
evolutionarily conserved in vertebrates, functioning during embryonic development. 
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