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Compartmentalized nervous system in Hydra and the

mechanisms of its development

x B e It S -
s EE &
Bz BE WET
Bh3s E@H ok

#Hiz EE EA

—201—




RMXATDER

The last common ancestor of bilateria and cnidaria is considered to be the first animal to
obtain nervous system over 700 million years ago. After that, animals have developed their own
nervous systems that are seen now. During a long course of evolution traits of nervous systems
in these animals are vastly diverged and different from each other. Some of the traits, however,
seem to be shared between higher animals (vertebrates and/or arthropods) and cnidaria. These
seemingly similar traits can be classified into two groups: analogous traits and homologous
traits. The analogous traits are defined as traits currently shared by these animals but might
have been different in the past or may be different in the future. The homologous traits are long
conserved among animals during their evolution. Therefore, they should shed light on what
prototypical nervous system was like. The question is how to distinguish them. Generally to say,
the homologous traits share common underlying mechanisms to realize them.

This study and previous studies demonstrated interesting new aspects of Hydra nervous
system. First, the nerve net of Hydra is divided into subpopulations. Second, each neuron subset
expresses specific combination of neuropeptide genes. Third, each neuron subset is localized in a
restricted region(s) along the oral-aboral axis. Fourth, some neighboring subsets of neurons are
separated from each other with clear boundaries between them. And finally one of the possible
functions of neuron subsets is local action by a localized neural neurotransmitter(s). The last
two aspects are pointed out for the first time in this study. All these features imply that the
neuron subsets in Hydra are neural compartments and they behave as sort of functional units
like thbse of higher organisms. Are these seemingly similar traits analogous or homologous? In
order to address this issue, I attempted to elucidate the mechanisms for generating neuron
subsets of Hydra and compared them to that of neural compartments of higher animals.

A compartment is generally defined as a subdivided tissue that consists of
lineage-restricted non-intermingling sets of cells between neighboring compartments. According
to this definition, neuron subsets in Hydra may not be the neural compartments equivalent to
higher organisms, because there is no lineage-restriction in the formation of neuron subsets in
Hydra. The tissue displacement in Hydra continuously moves neurons in a subset into a
neighboring subset. Despite this, however, each neuron subset keeps its location and size of
population constant, maintaining clear boundaries between subsets.

There are two possible mechanisms to supply neurons for balancing a loss of neurons
caused by the tissue displacement: new neuron differentiation from precursors and phenotypic
conversion of preexisting neurons. By comparing tissue displacement rate and labeling kinetics
of BrdU in Hym-176A+ neurons in the lower peduncle of adult Hydra, I estimated that about
70% of neuron turnover in the neuron subset was accounted for by new differentiation and the
remaining 30% appeared to be accounted for by phenotypic conversion. I also found another
example for phenotypic conversion in the middle of this neuron subset. These results suggest
that both of the two mechanisms are involved in the formation of neuron subsets.

New differentiation always occurred near the upper boundary of the neuron subset
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although neuron precursors could penetrate further down in the subset. When the situation was
created where no preexisting neurons were present such as during foot regenmeration or
replacement of the normal foot with the nerve-free epithelial foot, essentially all the neurons
produced were newly differentiated ones and distributed within the subset, not restricted at its
upper boundary. These results suggest that new differentiation appears to be regulated by
lateral inhibition of preexisting Hym-176A+ neurons and that more rapid new differentiation
prevails in case of emergency in which new neurons are required. At the moment, the fate of
neurons is not known when they leave the subset by tissue displacement. Cell death might be
involved in addition to phenotypic conversion. Taken together, in Hydra although
lineage-restriction may not be involved in maintaining clear bouhdaries and keeping the size of
subsets constant, these are regulated positively by both of new differentiation and phenotypic
conversion, and negatively by lateral inhibition and possibly cell death.

Next, I addressed the issue as to what determine the position of neuron subsets in Hydra.
Prepattern genes, pairs of mutually repressing homeobox genes, such as Otx, Pax and Hox,
determine the region where neural compartments are formed in higher animals. These genes
aré regulatéd by a few secreting molecules, such as Wnts, FGFs and retinoic acid. In Hydra,
counterparts for some of these molecules are identified but only Wnts appear to be involved in
axis formation. In this study I have shown that activation of the Wnt signaling pathway with
LiCl and/or ALP, both of which inhibit GSK-3 8 as their common target, altered positional
information and therefore localization of neuron subsets in Hydra. This suggests that the Wnt
signaling pathway is conserved between neural compartments and neuron subsets in
determining their localization.

How does this positional information direct region-specific differentiation of neuron
subsets in Hydra? There must be a transcriptional control involved in it. I compared 5-flanking
genomic regions among Hym-176 paralogous genes. Some of them are expressed in different
neuron subsets located in different axial regions while the others are in the same axial region. It
is expected that the same or similar region-specific cis-regulatory elements may be shared by
genes expressed in subsets of neurons located in the same axial region. I have found several
conserved motifs. One of them was similar to the STATx binding motif that was shared by
subsets of paralogues expressed in the lower peduncle. Although this one might be conserved
between neuron subsets and neural compartments, others showed no homology to known motifs.
These results seem to indicate that the mechanism of region-specific gene regulation in neuron
subsets and neural compartments is not well conserved. In other words, cnidarians might have
invented cis-regulatory elements of their own.

Comparison of the involved mechanisms between neuron subsets in Hydra and neural
compartments in higher animals showed both conservation and divergence. This may be taken
for granted, because it has been enormously long time since they were separated from the last
common ancestor. However, a crucial point was that one of the most fundamental .signaling
systems all through the animal evolution, the Wnt pathway was conserved as one of the

underlying mechanisms to determine the position of compartments between Hydra and higher
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organisms. Downstream genes activated by the Wnt pathway appear to be different. More
evidence should be accumulated. But I would like to temporarily conclude that it is too early to
give up the idea that neuron subsets in Hydra and neural compartments in higher animals are
homologous structure reminiscent of the ancient nervous system. I would further pursue my

studies along this line.
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BHOMBERBEOREIT, Ao BRI (KEL) THS. GBONBERICES T
FHEMBRARZINEEBETA2IEICXD, BIYREERHBEEZRETS. BEHYC
BUBZIOIIRMEBERGFNZBETRANY -CE, HEoRBRENEMEZEBE LW
RAMMOREOMBEELD DAV EVISBBICXZo THFEINTNWS., BMARZ2E
ODEBEHE RS TYH, O-ROFROAEEHIZH > THNEFRMNGSI NG5 TWE. L
ML, HREEZE2E RT0MBHEBLEEEYRARICEB/{LINTEINE DTN
TWwhaho/kx, BEERE RS0 Hyn-176 &R SFREEF 77 IV -0, O-ROSBD A
BERICES THEMNIZIREREL TVWRZE2AWELE, 5DOXRTF RBGETORENS —
COHMAEDLEEREBICTSE, EFIJOMBRREIO-ROBICH > T4 DDERIZASTEN
&Moo, THhiE, ERFSKRBVLWTHHRBERNRBELINTWVWS I LEEZRBRIIHRE
Thb. '

CORREREIL, FEERELRSOMBROREANNC L THBININEMT L. T#
Frl OBBIBICEEROR, ERSOMBHREIEELER—EOMNEBEZREDOTERLS, BK
BHLTWLIN5THS. ERSOBMBCHRMBHRIEIGANZ EAXZETHIZANL> T
FATHEBUTEBRBZB I A>TV L, LEAKRICEIAENHEME S LM &
HIZWo<DEBHLTNS., #o T, SIEANEEZAEKCEBM EOBHREEZISIIODLD
LDoT , MEKFENZHEAREMCEDSKRKEZ#FII2BBNLETHS. FEEIRX, (1)
KEHFEMNZHAREMESEIASTHRBELAR (BRSARVEE-KBH) Z0&8Z 3% (nevw
~differentiation) EWIFHEEME, (2) —BREOEMEZBEL /-AEHARNMIECBH &
IEMEL XS (phenotypic conversion) WO A EHRFT LA, HEHBEEE, S E
AHIN/-MENRZ Brdl TESRT2LEROEE, FOL - TZOORBEOER TIL new
differentiation B Z > TH5T, HETHOREIETIMBEIE, TORBANOBE &3#*
iZ phenotypic conversion iZL > TH O HEHBEMN S EMBER TIILREoTED T
BIEMHENCR K. £z, BEFREIHWBLAFORBEERICBVWTY, B LAFORKEIC
BT5MIEO#K 3 0 %I phenotypic conversion 28I L TWA I &R L. IR, #HE
BEXRZDLDTHFIFIVvIRFDLNTVBERIIZBNTIE, BRMBIIHEABR DR T4
BERCOI>DODETEMNZEE L TVBEVNDI I LEZ2RTHREVWERTHS. £k, BEED
RELD (T OBBIZOWTHLENRNZEF>TWS. Hyn-lT6 @EF77IU—ALN—0
SV BEEROEEETL, RESHCHEBLAGSERTREES VI NESBEAELE. b5
VAV Zv I ERTEROBEHEEAL, BEETFREFGOMEZED TNS.

HEAREABECE U THRERZEAZ LV AREBBESEHMTHRVEINTWSAR, ZhE
TREERELTEEINTEORYME - LEHNREARECHEED - SVECAREDAE
BORETHoL. BEEOHEE, b RSOMEMEE THBOMEHRR] SV EEDE
ABBOLLICHBES L THRENERAG TN TELENS I EEZRUAEATEMN
TH>d. ZOAMANE>DITERRD, INET lineage restriction itk > TREVNEF I N
ZLEZONTELBEHYICBVTS, REMOMEBE S phenotypic conversion 2% R
INBAHENELSS. ULOBHTHEFEENR YRR EREOEH 2B T EEERS
E—HTHN LK.
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