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The roof plate is a dorsal midline organizing center in the central nervous system that controls 
specification and differentiation of adjacent neurons through secretion of the BMP and WNT 
signaling molecules.  The LIM-homeodomain transcription factor (LIM-HD) Lmx1a is expressed in 
the roof plate and its progenitors at all axial levels of the CNS and is necessary and sufficient for 
roof plate formation in the spinal cord.  Loss of Lmx1a, however, does not completely abolish roof 
plate formation in anterior hindbrain.  A residual roof plate still forms which is sufficient to at least 
partially direct adjacent cerebellar cell fate specification.  I hypothesize that Lmx1b, another 
member of the LIM-HD transcription factor family which is highly related to Lmx1a, functions 
redundantly with Lmx1a to form the hindbrain roof plate.  Although Lmx1b null mice do not show 
a substantial deficiency in hindbrain roof plate formation, Lmx1a/Lmx1b double null mutant mice 
completely lack hindbrain roof plate.  This observation indicates that both genes act in concert 
during hindbrain roof plate formation.  Because of the requirement of Lmx1b to maintain the 
isthmic organizer (IsO), which is an important signaling center lying along the anterior/posterior 
axis at the midbrain-hindbrain junction, the adult cerebellar phenotype in Lmx1b null homozygous 
mutant mice cannot be observed due to perinatal lethality.  To isolate the anterior/posterior 
patterning functions from the dorsal/ventral patterning role of Lmx1b, I used a conditional knock-
out strategy to specifically delete dorsal midline Lmx1b expression leaving IsO expression intact.  
Phenotypic analysis of single and conditional Lmx1b and compound Lmx1a:Lmx1b conditional 
mutants confirmed overlapping roles for Lmx1 genes in regulating hindbrain roof plate formation 
and growth and also revealed roles in regulating adjacent cerebellar development.  My analyses 
provide the first evidence of overlapping function of the Lmx1 genes during embryonic CNS 
development.  
I would also like to talk about the work that I have done at the Laboratory of Molecular Neuroge-
neis at RIKEN BSI.  Currently, I am pursing the mechanisms involved in treatment-resistant depres-
sion.  We hypothesized that Ca2+-dependent activator protein for secretion 2 (Caps2) mutant 
mice, which have been shown to have deficit in secretion of Brain-derived neurotrophic factor 
(BDNF), serves as a model for treatment-resistant depression.  To test this hypothesis, I first induced 
depression-like syndrome in mice by administering stress related hormone CORT.  Preliminarily 
results indicate that Caps2 mutant mice show depressive like behavior as in wild type mice, sug-
gesting that exposure to CORT can cause depression.  My next goal is to treat CORT exposed 
Caps2 mutant mice with antidepressants to see if these mice are treatment-resistant.  
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