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ABSTRACT

The ability of a cell to respond in a specific Wy certain signals represents key biological
phenomena governing development of multicellulagaoism. Cellular signaling regulates all
aspects of cell biology such as proliferation, raigm, differentiation, and death. Detailed
understanding of mechanisms by which various sgree interpreted into certain cellular
responses is crucial in order to efficiently matapel these processes. Guiding a stem cell via
specific cues to a cell type of interest, such apathinergic (DA) neurons, is a necessary
prerequisite for cell replacement therapy (CRTYdisieases, such as Parkinson’s disease (PD),
where DA neurons are progressively lost. This thegzamines molecular mechanisms of action
of Wnts, a group of factors providing such cuesd dheir functional role in midbrain
development and DA neuron differentiation.

In our first study we manipulated Wpitatenin signaling pathway in mouse embryonic stem
cells (MESCs) to analyze its impact on mESC diffeagion into DA neurons. We show that
impairment of the pathway at the level of ligandnfdj or receptor (LRP6) level enhances
neuronal and DA differentiation of mESCs. Similarlpplication of Dkkl (Wnf-catenin
pathway inhibitor) also increased the yield of mE®€ived DA neurons. Combined, our data
demonstrate that Wntl and LRP6 are dispensablentt8C DA differentiation, that mESC
differentiation into DA neurons is facilitated bytenuated Wnf-catenin signaling, and that
inhibitors of WntB-catenin pathway can be used to increase efficiaicA differentiation
protocols.

Earlier reports from our lab demonstrated enhanoéroé DA differentiation by Wnt5a, an
activator of WntB-catenin-independent pathways in DA cells. Thusfeeeised on mechanisms
of Wnt/B-catenin-independent signaling and its functiorsgegts in our following studies, as
these were not elucidated before this thesis. Vée ¢y analyses of Wnt5a -/- mice embryos the
importance of Wnt5a for proper midbrain morphogenesloreover, absence of Wnt5a led to
increase in proliferation of DA progenitors, accuation of Nurrl+ precursors and attenuated
differentiation of these precursors into TH+ DA rens.

To characterize Wnt5a-mediated effect on DA diffeiggion we analyzed possible activation of
putative downstream pathway components. We denadastthat Wnt5a effects on DA
differentiation are mediated via small GTPase Raeljch is a downstream effector of
Wnt5a/Dvl signaling in DA cells. Subsequently, w&amined molecular aspects of the
Whnt5a/Dvl/Rac signaling in closer detail. We dentoate thaf3-arrestin is a crucial component
of Wnt5a/Dvl/Rac signaling route and we show it$ical role in regulation of CE movements
during Xenopusgastrulation. Moreover, we found that specificatedf Wnt-mediated signaling
at the level of Dvl is further controlled by phospylation of Dvl by casein kinases CK1 and
CK2. Therefore, CK1 and CK2 act as switches betwaistinct branches of Wit/catenin-
independent signaling. Next, to get further insighd Wnt5a/Dvl-mediated activation of Racl
we analyzed the Dvl-Racl interaction and perfornaegroteomic screen for Dvl-binding
regulators of Racl activity. We show that Dvl aratR form a complex, and the N-terminal part
of Dvl mediates this interaction. Further, we destoate that Tiaml, a novel Dvl-binding
partner found in our study, is required both focRactivation in the Wnt5a/Dvl/Rac signaling
branch and for DA neuron differentiation. Colleeliy, we identified3-arrestin, CK1, CK2, and
Tiam1 as novel regulators of Wnt5a-induced sigmglin

In sum, data in the presented thesis describes coate mechanisms and functional
consequences of Wnt-driven signaling pathways amgopnts the modulation of Wnt signaling
as a possible tool to improve PD therapies.
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