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Genes involved in various stages of cerebellar development


Stages/area of development


Genes, proteins and molecules

Cerebellar Primordio
Otx2, Gbx2, Fgf8, Wnt1, En1/2, Pax2/5, Bmps, Shh, Hoxa2

Granule cell proliferation
Math1, Zipro1, Zic1/2/3, Shh pathway, p27/kip21, NeuroD1, Cyclin D2, IGF-I, EGF, FGF, SDF-1(, Notch2,

Granule cell migration
Tag1, Tuj1, Pax6, netrin pathway, Unc5h2/3
Astrotactin, tenascin, neuregulin, tPA

Granule cell maintenance
BDNF, NT3/4, HGF, IGF-I

Purkinje cell migration
Reelin, mDab1, VLDL, ApoER2

Purkinje cell maintenance
Ngf, BDNF, CNTF, acetylcoline, NT4/5, Wnt3, Bcl2

Biological Functions


Motor neurons
Sensory  Neurons
Sympathetic

Neurons
Cortex

Interneurons
Hippocampal

Neurons
Cerebella granule neurons
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Figure 3.1  Expression of Met in the cerebellum





(A) Western blot analysis of Met expression in mouse cerebellum (cb) at P8. Liver (L) was used as positive control. 


(B) Immunostaining with anti-Met revealing Met expression in the EGL.


(C) Double staining with anti-PCNA showing that the Met positive cells are proliferating.


(D) Negative control     
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Figure 3.2  Expression of Met in granule cell cultures





Dissociated cerebellar cells from P6 mice were cultured for 24h and stained with an antibody for Met (A), NeuN (B) and GFAP (C). The majority of cells in culture are Met-expressing neurons.
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Figure 3.3  Knock-in of signaling mutation in the met locus





(A) Schematic representation of the targeting vector. Black boxes rapresent exons. N indicates NdeI sites. The neo cassette was flanked by loxP sites (triangles). Asterix indicates the mutated carboxy-terminal docking site. Numbered arrows indicate primers used for genotyping neo+ and neo- alleles.  


(B) Southern blots of NdeI digests of genomic DNA isolated from double-selected R1 ES cell clones (1-3). 


(C) Comparison of the level of recombinant mutant Metgrb2 protein produced before and after neo excision.  Western Blots of total protein from E13.5 embryo of wild type, neo+ and neo- Metgrb2/grb2 mutants The blot was re-probed with an anti-actin antibody as a control for  the amount of protein. 
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Figure 3.4  Macroscopic analysis of Metgrb2/grb2neo- cerebella





(A-B) Cerebellum from wild type (A) and  Metgrb2/grb2neo- mutant at P23 


(C-D) Whole brains (C) and cerebella (D) were dissected from P23 wild-type and homozygous Metgrb2/grb2neo- mutants and weighed. Values from five mice for each genotype were analysed and are presented as mean + s.e.m.  


t-test: p(0.001 **
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Figure 3.5  Abnormal foliation in Metgrb2/grb2neo-  mutant mice





(A-B) Sagittal cerebellar sections of P23 Metgrb2/grb2neo- mutant (A) and wild-type (B) mice were stained with cresyl violet. The Intercrural Fissure (itc) and the Declival Sulcus (dcl) were absent or reduced in Metgrb2/grb2neo-  mutant mice.


(C) Fissure depth was analysed using the Image Pro Plus system (Media Cybernetic).  Six mutant mice and five control mice were analysed. The values are shown as mean + s.e.m. t-test: p(0.02 *; p(0.01 **;  p(0.001***


plt, Posteriolateral; uvu , Uvular; scd, Secondary; ppy, Prepyramidal; 


itc, Intercrural; dcl, Declival; pri, Primary; pcu, Preculminate;


pct, Precentral. 	
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Figure 3.6  Reduction of BrdU incorporation in the cerebellum of Metgrb2/grb2neo- mutants





 (A) P8 mice were injected with BrdU and sacrificed two hours later. BrdU was revealed by immunohistochemistry (black). Nuclei were stained with hematoxillin (light blue). The proportion of BrdU+ cells in the external granule layer (EGL) is reduced in the Metgrb2/grb2neo- mutant. Total cell number and BrdU+ cells were counted in at least six regions of the EGL (3000-4000 cells/cerebellum). Five mutants and three controls were analysed and values are shown as mean + s.d. t-test:  p(0.0001.


(B-C) P7 mice were injected with BrdU and sacrificed two days later.
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Figure 3.7  HGF enhances BrdU incorporation in cultures of mixed cerebellar cells





 Dissociated cerebellar cells from P6 mice were cultured for 24h in presence or absence of different concentrations of HGF, or of IGF.  BrdU was added to the cultures for additional 22hrs. Incorporation of BrdU was determined by Elisa. Three experiments were performed in quadruplicate and values are shown as mean + s.e.m..  
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Figure 3.8  Apoptosis is not affected in Metgrb2/grb2neo- mutant mice





Cerebellar sections from P8 wild type and mutant mice were labelled using the TUNEL method. The counts of apoptotic cells/slide are shown as mean + s.e.m. 
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Figure 3.9  HGF-dependent MAPK phosphorylation in Metgrb2/grb2neo- mutants





(A) Dissociated cultures of cerebellum from P6-P8 wild-type and homozygous Metgrb2/grb2neo- mutants were stimulated with HGF (20ng/ml) for the indicated times. Blots of total protein extracts of cultured cerebellar cells were probed with an antibody against the phosphorylated form of MAPK and then stripped and re-probed with an antibody against (-actin for protein normalization.


(B)  Densitometric analysis of blots were performed with the Image Master Total Lab v100 (Amersham) and plotted with Excel. Values were obtained from eight different experiments and presented as mean + s.e.m.  





� EMBED Photoshop.Image.5 \s ���





B





A





Met +/+





Metgrb2/grb2neo-





  -      15’      30’       60’





  -        15’      30’     60’





Met +/+





Metgrb2/grb2neo-





� EMBED Excel.Sheet.8  ���





Figure 3.10  Impaired cerebellar function in Metgrb2/grb2neo- mutant mice


 


Mice were tested for equilibrium and coordination by the thin rod test. Mice were put on a plastic rod of 2.5 cm of diameter suspended 50cm from the floor. The time spent on the rod up to a limit  of 60 sec was measured. Nine animals for each genotype were tested and the values are shown as mean + s.e.m.
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Figure 1.2  Neurons of the cerebellum and their connections





The adult cerebellum cortex is organized in three layers and contains five types of neurons





Figure 1.1  The cerebellum is divided into anatomically distinct lobes
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Figure 1.3   Patterning of the midbrain/hindbrain region





a) Formation of the mid-/hindbrain region is dependent on proper function of the isthmus organizer, which is formed by the interaction, or reciprocal repression, of Otx2 and Gbx2. En1 is expressed in both the mid– and hindbrain regions


b) Genetic interaction among Otx2, Gbx2, Fgf8, Wnt1 and En1.





Figure 1.4. Formation of the murine cerebellar anlage.


 


Formation of the murine cerebellar anlage. Precursors of the granule neurons arise from the rhombic lip (RL, shaded red) at the posterior edge of the anlage, adjacent to the IVth ventricle. At E13–E14, cells of the RL begin to move (black arrows) over the surface of the anlage to form the EGL, also shown in cross section in the inset. The choroid plexus (CP) extends from the RL. The RL precursors undergo clonal expansion within the EGL until the early postnatal period, when differentiation begins. By contrast, precursors of the Purkinje cells arise in the ventricular zone (VZ; green). These cells cease proliferation at E14 and begin to differentiate. Postmitotic Purkinje cell precursors migrate radially, up to the wall of the anlage (white arrows). A, anterior; D, dorsal; P, posterior; V, ventral.








Figure 1.5  Molecules expressed during granule cell and Purkinje cell development. 





A) Early precursors of the granule cells arise in the rhombic lip (RL) between E11 and E14. Thereafter, RL cells move onto the surface of the anlage, spreading to form a single-cell layer by E16. Between P0 and P8, rapid proliferation in the EGL expands the layer to a depth of approximately 8–10 cells Differentiating precursors extend two long axons parallel to the cerebellar laminae. Thereafter, a descending migratory process emerges, which directs the migration of the cell body through the molecular layer (ML), along the radially aligned Bergmann glial fibers. Postmigratory cells settle in a dense neuronal layer, the IGL, deep into the Purkinje cells (PC), and extend short dendrites that interact with ingrowing afferent fibers 


B) At E12, postmitotic precursor cells exit the ventricular zone (VZ), traversing the mantle of postmitotic precursors of the deep nuclei (not shown), by migrating along the radial glial fiber system. In this same period (E14–E15), afferent axons invade the anlage, extending into the collapsing VZ, forming en passant contacts with migrating cells. After birth, terminal differentiation of the Purkinje cells relies on the establishment of axon–target interactions. 
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Figure 1.6    Diagram of the structure of HGF and MSP compared with plasminogen





Both HGF and MSP are heterodimers consisting of a heavy �PRIVATE "TYPE=PICT;ALT={alpha}"��INCLUDEPICTURE  \d  \z "/math/agr.gif"��chain and a light ß chain held together by a disulfide bond. The mature heterodimer is formed by proteolytic digestion at a specific dibasic arginine-valine (R-V) site. Starting from the amino-terminal signal peptide (SP), the �PRIVATE "TYPE=PICT;ALT={alpha}"��INCLUDEPICTURE  \d  \z "/math/agr.gif"��chain contains a hairpin loop (HL) followed by four kringles (K), whereas the ß chain contains a serine-protease-like structure. The lack of proteolytic activity in the HGF molecule is due to the replacement of the histidine (H) and serine (S) residues lying within the catalytic site of conventional serine proteases with glutamine (Q) and tyrosine (Y), respectively. The same substitutions, together with replacement of an aspartate (D) with glutamine (Q), are present in MSP. The percentage of homology of individual kringles as well as of the ß chain between the three molecules is specified
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Figure 1.7  Schematic representation of the HGF/Met ligand-receptor pair





Both molecules have a heterodimeric structure containing two chains linked by disulfide bonds. The intracellular region of the receptor can be divided in three domains with different functions (see text for details)
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Figure 1.8.  Met multifunctional docking site
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Figure 1.9   Essential role of HGF/Met during embryonic development


In the loss of function Met mutant (Metd/d) 


- Placenta is reduced and paler  (A-B)


- Liver is reduced in size due to apoptosis of hepatocytes (C-D )


- Appendicular and body wall muscles are absent (E-F, Whole mount


  hybridisation of E12.5 embryos with a MyoD probe)
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