Life Science Open Day - 2008 - Weizmann Institute of Science L

atterning and Specification
of Dopamine- and Oxytocin-
Producing Neurons in the

Vertebrate Brain

Our lab’s research goal is to
understand how distinct neuronal
populations are formed within the
diencephalon, whichisamajor partofthe
vertebrate forebrain. We focus mainly
on dopaminergic (DA) and oxytocinegic
(OT) neurons of the zebrafish as a
paradigm for the development of two
prominent diencephalic cell types.

During embryonic development DA
and OT neurons are generated next
to each other at approximately the
same time, and each of these neuronal
clusters reaches a fixed cell number. Itis
therefore apparent that the generation
and maintenance of DA and OT neurons
must be tightly coordinated for proper
brain functioning, as well as for the
organism’s fitness.

Within the context of adult physiology,
concurrent activation of oxytocin and
dopamine receptors results in inter-
neuronal communication between the
DA and OT systems, modulating social
behavior, pair bonding, sexual behavior
and arousal, lactation and anxiety/
stress responses.

Despite their great importance, the
mechanisms controlling diencephalic
cell fate decisions and anatomical
configurations are not well understood.
This is mainly due to lack of early
molecular markers of diencephalic
progenitors, difficulties in tracking the
migration and specification of neural
progenitors, and limited knowledge of
the progenitor specification signals. To
overcome these hurdles, we chose to
study diencephalic neural specification
in the zebrafish, danio rerio, a vertebrate
organism readily amenable to genetic
manipulations. Zebrafish embryos are
optically transparent, allowing detailed
in vivo analyses of the developing
diencephalic neurons and their circuits.

Our current work addresses the
following questions:

1) What is the origin of DA and OT

neurons in the neural plate?

2) What is the nature and hierarchy
of signals that dictate different
diencephalic fates?

3) What is the “transcriptional
code” underlying DA and OT
specification?

4) How is coordinated development
of multiple diencephalic cell types
achieved in this relatively narrow
anatomical region?

5) Which developmental cues
regulate the nearly fixed number
of diencephalic neuronal types,
and how?

To answer these critical questions
we set out to identify the genetic
requirements for cell fate decisions
involved in diencephalic DA and OT
cell types, and to characterize a set
of marker genes that can be used to
distinguish the progenitor populations
destined toward these neuronal
fates. Taking advantage of the optical
transparency of zebrafish embryos, we
track individual cells in the developing
brain using real-time imaging of labeled
neuronal populations. By utilizing these
and other approaches, we hope to gain
a better understanding of early cell fate
decisions, proliferation and migration of
diencephalic progenitors.

This fundamental information could
greatly contribute to our understanding
of the selective vulnerability of
diencephalic neurons in the context
of various neurological conditions,
including deficits in energy balance,
motor defects, neuro-endocrine and
psychiatric disorders.

Fig 1. Neuronal cell types in the zebrafish
diencephalon

Schematic representation of neuronal cell
types of the zebrafish hypothalamus (part
of the diencephalon) as they appear in the
brains of 2 days-old zebrafish embryos.

DA, dopamine; Dien, diencephalon
HB, hindbrain; Hcrt, hypocretin Hyp,
hypothalamus; IT, isotocin (oxytocin-like);
SS, somatostatin; Tel, telencephalon.
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