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Lesion of the dopaminergic neurons of the nigrostriatal system is a key feature of
Parkinson's disease (PD). Alpha-synuclein is a protein that is a major component of Lewy
bodies, histopathological hallmarks of PD, and is involved in regulation of dopamine (DA)
neurotransmission. Previous studies of knockout mice have shown that inactivation of
alpha-synuclein gene can lead to the reduction in number of DA neurons in the substantia
nigra (SN). DA neurons of the SN are known to be the most affected in PD patients
whereas DA neurons of neighboring ventral tegmental area (VTA) are much less
susceptible to degeneration. Here we have studied the dynamics of changes in TH-positive
cell numbers in the SN and VTA during a critical period of their embryonic development in
alpha-synuclein knockout mice. This precise study of DA neurons during development of
the SN revealed that not only is the number of DA neurons reduced by the end of the
period of ontogenic selection, but that the way these neurons are formed is altered in
alpha-synuclein knockout mice. At the same time, DA neurons in the VTA are not affected.
Alpha-synuclein exerts a modulating effect on the formation of DA neurons in the SN and
has no effect on the formation of DA neurons in VTA, the structure that is much less
susceptible to degeneration in PD brain, suggesting a potential role of alpha-synuclein in
the development of the population of DA neurons in substantia nigra.
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Abstract

Lesion of the dopaminergic neurons of the nigrostriatal system is a key feature of
Parkinson's disease (PD). Alpha-synuclein is a protein that is a major component of
Lewy bodies, histopathological hallmarks of PD, and is involved in regulation of
dopamine (DA) neurotransmission. Previous studies of knockout mice have shown
that inactivation of alpha-synuclein gene can lead to the reduction in number of DA
neurons in the substantia nigra (SN). DA neurons of the SN are known to be the most
affected in PD patients whereas DA neurons of neighboring ventral tegmental area
(VTA) are much less susceptible to degeneration. Here we have studied the
dynamics of changes in TH-positive cell numbers in the SN and VTA during a
critical period of their embryonic development in alpha-synuclein knockout mice.
This precise study of DA neurons during development of the SN revealed that not
only is the number of DA neurons reduced by the end of the period of ontogenic
selection, but that the way these neurons are formed is altered in alpha-synuclein
knockout mice. At the same time, DA neurons in the VTA are not affected. Alpha-
synuclein exerts a modulating effect on the formation of DA neurons in the SN and
has no effect on the formation of DA neurons in VTA, the structure that is much less
susceptible to degeneration in PD brain, suggesting a potential role of alpha-
synuclein in the development of the population of DA neurons in substantia nigra.

Introduction

Alpha-synuclein, a small natively unfolded protein abundantly expressed in
vertebrate neurons, is involved in pathogenesis of certain neurodegenerative
diseases. Principal members of this group of diseases known as alpha-
synucleinopathies include; Parkinson’s disease, Lewy body dementia and
multisystem atrophy but alpha-synuclein pathology is often observed in the nervous
system of patients with other neurodegenerative diseases (Goedert et al. 2017).
Although the normal functions of alpha-synuclein are still not fully understood, there
is a growing body of evidence that this protein modulates the efficiency of various
mechanisms that are important for neuronal physiology; including its roles in
synaptic vesicle function and synaptic transmission (Burre et al. 2010; Greten-
Harrison et al. 2010; Janezic et al. 2013; Nemani et al. 2010; Ninkina et al. 2012;
Vargas et al. 2017), mitochondrial ATP production (Ludtmann et al. 2016; Ryan et
al. 2015), survival (Gorbatyuk et al. 2010; Robertson et al. 2004), and sensitivity to
neurotoxins [9]. The key mechanism of pathology PD, severe loss of DA neurons of
the SN, remains a major focus of research on the way to revealing specific molecular
targets for developing the disease-modifying drugs. The main findings describing
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61 the various factors that are involved in the development and maturation of DA
62 neurons are summarized by Luo & Huang EJ (Luo & Huang 2016). It is believed
63 that the period between mouse embryonic days 11.5 and 13.5 when post-mitotic
64 precursors of DA neurons are migrating from the ventricular zone located on the
65 border between midbrain and forebrain to their sites in the SN and VTA where their
66 final differentiation takes place, is a critical period in the process of forming these
67 two neuronal populations. This coincides with a dramatic increase of alpha-
68 synuclein expression in midbrain nuclei (Abeliovich & Hammond 2007). Moreover,
69 depletion of alpha-synuclein from developing neurons, leads to a smaller number of
70 mature DA neurons in the SN of knockout mice (Garcia-Reitboeck et al. 2013). The
71 aim of this study was to reveal whether alpha-synuclein could have a different impact
72 on the development of DA neurons in the VTA that are much less affected by
73 neurodegenerative processes in the PD brain. Therefore, the numbers of DA neurons
74 in two close populations the SN and VTA, were analyzed during embryonic
75 development of alpha-synuclein knockout mice.

76

77 Materials and Methods

78  All animal work was carried out in accordance with the Rules of Good Laboratory
79 Practice in Russian Federation (2016). Bioethics committee of Institute of
80 Physiologically Active Compounds, Russian Academy of Sciences provided full
81 approval for this research (Approval Ne20 dated 23.06.2017). A line of alpha-
82 synuclein knockout mice on C57BIl6J background that was used in this study has
83 been described previously (Abeliovich et al. 2000; Robertson et al. 2004). The
84 embryos were fixed in cold 4% PFA, paraffin-embedded, and serial 8 pm transverse
85 sections through the mesencephalon regions were prepared for immunostaining as
86 described previously (Robertson et al. 2004). Dopaminergic neurons were visualised
87 by staining sections with anti-tyrosine hydroxylase (TH) antibodies (mouse
88 monoclonal antibody, clone TH-2, Sigma) diluted 1:1000. Stereological counting of
89 TH-positive cells through the entire lateral region of the mesencephalon was
90 reformed as described previously (Al-Wandi et al. 2010; Robertson et al. 2004).
91 Statistical analysis was performed using GraphPad Prism software (GraphPad, San
92 Diego, CA, USA). A probability value of p < 0.05 was considered statistically
93  significant.

94

95 Results

96 In this study, we analysed the sub-population of developing dopaminergic neurons
97 within the substantia nigra in alpha-synuclein knockout mice (aKO) and control wild
98 type (WT) littermates on embryonic days E10.5, E11.5, E12.5 and E13.5. The total
99 numbers of TH-positive cells were estimated in the whole SN regions at each
100 embryonic stage. A small number of TH-positive cells in the lateral region of the

Peer] Preprints | https://doi.org/10.7287/peerj.preprints.26547v1 | CC BY 4.0 Open Access | rec: 20 Feb 2018, publ: 20 Feb 2018




101  mesencephalon that represent the primordium of the SN were already detected by
102 embryonic day E10.5 and no difference between knock-out and WT mice were
103 revealed (Fig.1A). In contrast, in WT mice no substantial increase in the number of
104 these neurons were observed during the next embryonic day, while in aKO mice, a
105 nearly four-fold increase was detected. As a result, the number of TH-positive cells
106 was 2.9 times higher in the SN of E11.5 aKO embryos than in WT embryos at the
107 same stage. A sharp increase in number of TH-positive neurons was observed
108 between E11.5 and E12.5 in WT mice while in aKO this increase was less prominent.
109  Whereas aKO mice show an increased number of neurons one day earlier (E11.5),
110 they eventually show a comparatively lower number of TH-positive neurons at all
111 ofthe following days where measurements were obtained. Therefore, at E12.5, more
112 SN neurons were found in WT than in aKO embryos. At this point the number of
113 TH-positive neurons have reached their maximum number followed by a decline in
114 number on day E13.5 in both conditions. These data clearly demonstrate that in the
115 absence of alpha-synuclein, the dynamics population number in SN neurons is
116 changed.

117 Additionally, TH-positive cells were counted in VTA on E13.5 day when midbrain
118 dopaminergic neurons are known to separate into SN and VTA zones (Hu et al.
119 2004). The positioning of SN and VTA in embryonic mouse brain for stereological
120 counting of DA neutrons is shown on Fig 2. As a result, we found that embryonic
121 DA neurons in VTA are not affected in alpha-synuclein knockout mice and their
122 number is the same as in WT control embryonic brains (Fig.1B).

123

124 Discussion

125 The role of alpha-synuclein in the genesis of dopaminergic neurons of the SN has
126 been investigated in several previous studies (Garcia-Reitboeck et al. 2013;
127 Spillantini & Goedert 2017; Zaltieri et al. 2015). Loss of function of alpha-synuclein
128 leds to a reduced number of DA neurons in SN at E13.5 (Garcia-Reitboeck et al.
129 2013) and this deficit remains in adulthood (Robertson et al. 2004). Here using
130 littermates as mothers for producing embryos at consecutive stages of embryonic
131 development, we have conducted a precise study of DA neurons in the SN, and have
132 shown that not only the number of E13.5 DA neurons is reduced, but that the way
133 these neurons are formed is changed in alpha-synuclein knockout mice (Fig.1A).
134 Therefore, alpha-synuclein deficit leads to the inefficient DA neurons pool
135 formation in SN during embryonic development.

136 It is well established that the degeneration of DA neurons of VTA is less prominent
137 in PD brains (Alberico et al. 2015; Mosharov et al. 2009) and that overexpression of
138 the PD mutant alpha-synuclein does not affect VTA (Maingay et al. 2006). In our
139 study no changes were found in number of DA neurons of VTA. These confirm that
140 alpha-synuclein among other factors responsible for the differential sensitivity of SN
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141 DA neurons to damage in PD pathology. Further investigation is warranted to
142 determine whether alpha-synuclein deficiency can shape the deferential
143 vulnerability of DA neurons to neurodegeneration in the adult and aged brain.

144

145 Conclusion

146  Our data have shown a prominent modulating effect of alpha-synuclein on the
147 formation DA neurons of the SN and no effect on the formation of DA neurons in
148 VTA suggesting a critical role for this protein in maturation of the population of DA
149 neurons in substantia nigra.
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Figure 1(on next page)

The number of TH-positive neurons in SN of alpha-synuclein knockout and control WT
mice in embryogenesis (A); the number of TH-positive neurons in VTA, E13.5 (B)

n=>5 for each group and time points. Two-way ANOVA, (***p<0.001, *p<0.05).
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Figure 2

Positioning of Substancia Nigra (SN) and Ventral Tegmental Area (VTA) in developing
mouse brain on 11.5 and 13.5 embryonic day.
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