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SUPPLEMENTARY INFORMATION  

LEGENDS TO THE SUPPLEMENTARY FIGURES 

SUPPLEMENTARY FIGURE 1: EXPRESSION OF VEGF AND FLK1 IN THE POSTNATAL MOUSE 

CEREBELLUM 

A-C, Immunostaining for VEGF (red) and counterstaining for DAPI (blue) of WT cerebella, 

revealing expression of VEGF in Purkinje cell (PC) bodies and dendrites during cerebellar 

development at P3 (A), P5 (B) and P8 (C). D-F, Double immunostaining for ß-gal and 

parvalbumin (D) or ß-gal and GFAP (E,F) in adult VEGF-LacZ cerebella, revealing expression 

of VEGF in PCs (white arrowhead in D), Bergmann glia (E,F white arrowhead) and cells in the 

IGL (E white arrowhead), but not in interneurons (yellow arrowhead in D). F is a higher 

magnification of the white box in E. G, Western blot of immunoprecipitated Flk1 (using an 

anti-Flk1 antibody, αFlk1) from purified GCs, confirming Flk1 expression in GCs from P6 mice 

(IgG was used as a negative control for the immunoprecipitation). H-J, Specificity of VEGF164-

AP binding to Flk1: VEGF164-AP binds VEGF receptors located on endothelial cells (ECs) 

(white arrow) and on GCs in the deeper layers of the EGL at P10 (white arrowheads) (H). 

Excess of rVEGF164 blocked the VEGF164-AP staining (white arrow), illustrating the specificity 

of this staining (I). Incubation of cerebellar sections with a PlGF-AP fusion protein (PlGF binds 

only to VEGFR-1/Flt1) showed only staining of blood vessels, indicating that GCs express 

Flk1 but not Flt1 (J). K-M, Double immunostaining for GFP and Sema6A in Flk1-GFP mice 

(P10) revealing expression of Flk1 in Sema6A+ postmitotic GCs in the lower EGL. N, 

Immunostaining for Flk1 (green) in cerebellar sections from rats (P8), showing expression of 

Flk1 in the EGL, particularly in the deeper layers of the EGL (white arrowheads). O,P, 

Immunostaining for Npn-1 (O) or Npn-2 (P) revealing expression of Npn-1 in blood vessels 

(arrows, O) and Npn-2 (P) in the IGL but not in GCs in the EGL. Scale bars: A-C, 100 µm ; D-

E, 150 µm; F, 50 µm; H-J, 100 µm; K-M, 20µm ; N, 20 µm ; O-P, 50 µm. 
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SUPPLEMENTARY FIGURE 2: NORMAL PROLIFERATION AND DIFFERENTATION OF GCS IN VEGF∂/∂ 

AND VEGF188/188 MICE  

A-D, BrdU immunostaining of P10 cerebella from WT (A) and VEGF∂/∂ (B) pups and from WT 

(C) and VEGF188/188 (D) pups after a 3h pulse of BrdU indicating similar numbers of 

proliferating GCs in the upper EGL in each transgenic line compared to their respective WT. 

Similar results were obtained when proliferating cells were immunostained for phospho-

histone-H3 (not shown). E-H, Double immunostaining for Ki67 and p27 in cerebella from WT 

(E) and VEGF∂/∂ (F) pups (P10) and from WT (G) and VEGF188/188 (H) pups (P12) showing 

that the segregation of the upper and lower EGL layers is appropriate for both genotypes. 

Note that the lower EGL (p27+) is thicker in VEGF∂/∂ (F) and thinner in VEGF188/188 (H) pups 

compared to their respective WT, due to the delayed GC migration in VEGF∂/∂ or to the 

enhanced migration in VEGF188/188 mice. I-L, Semaphorin6A (Sema6A) immunostaining of 

P10 cerebella from WT (I) and VEGF∂/∂ (J) pups and from WT (K) and VEGF188/188 (L) 

revealing no genotypic differences in the timing and pattern of Sema6A expression. M-P, The 

cell adhesion molecule TAG-1 is expressed in parallel fibers and radially migrating GCs. 

Immunostaining of TAG-1 in WT (M) and VEGF∂/∂ (N) and in WT (O) and VEGF188/188 (P) P10 

cerebella revealed no genotypic differences in the timing and pattern expression of TAG-1. 

Scale bars: A-P, 60 µm.  

SUPPLEMENTARY FIGURE 3: NORMAL DEVELOPMENT OF PCS AND BERGMANN GLIA, AND NORMAL 

OXYGENATION LEVELS IN VEGF∂/∂, VEGF188/188 AND VEGF120/120 MICE 

A-F, Double immunostaining for GFAP (green) and Calbindin (red, marker for PCs) in P12 

VEGF∂/∂ (B), VEGF188/188 (D) and VEGF120/120 (F) mice and their corresponding WT mice 

(A,C,E) showing a comparable radial organization of GFAP+ Bergmann glial fibers, Calbindin+ 

dendritic arborization and number of PCs in these genotypes (PC number/mm2 of lobe IX : 

94.6 ± 2.5 in WT versus 91.5 ± 9.5 in VEGF∂/∂, N=3, P=NS; 117.2 ± 4.7 in WT versus 139.1 ± 

12.4 in VEGF188/188, N=5, P=NS). G, Electron paramagnetic resonance (EPR) oxymetry 

indicating no difference in oxygen (pO2) levels in the cerebellum of P11 VEGF∂/∂ or 

VEGF188/188 mice (black bars) as compared to their respective WT mice (white bars) (N=8-15, 



 3 

P=NS). As internal controls, WT P11 pups were exposed to hypoxia (hypo, 10% O2, green 

bar) or hyperoxia (hyper, 95% O2, red bar), revealing corresponding changes in cerebellar 

levels of pO2. Insufficient number of VEGF120/120 mice was available for this analysis. Scale 

bars: A,B, 50µm; C-F, 40µm.  

SUPPLEMENTARY FIGURE 4: EX VIVO CEREBELLAR ELECTROPORATION TARGETS MAINLY GCS  

A-E, Cerebellar slices, electroporated with a GFP-expressing plasmid, and kept in culture for 

3 days, were immunostained for markers, specific of GCs (Pax6; red) (A), blood vessels 

(CD31; red) (B), glial fibers (GFAP; red) (C), Purkinje cells (Calbindin; red) (D), and PCs and 

interneurons (Parvalbumin; red) (E), showing that mainly GCs are electroporated (GFP+ 

Pax6+ GC; yellow in merged image A) and no unspecific electroporation occurs. Scale bars: 

A, 20 µm; B, 95 µm; C, 80 µm ; D,E, 50 µm.  

SUPPLEMENTARY FIGURE 5: GC MIGRATION DEFECTS IN VEGF120/120 MICE  

A,B, Pseudo-color imaging of VEGF immunostaining in P9 WT (A) and VEGF120/120 (B) 

cerebella, revealing weaker labeling of PC dendrites in VEGF120/120 than in WT cerebella. C,D, 

Double immunolabeling for BrdU (green) and VEGF (red), combined with DAPI 

counterstaining (blue), in P9 cerebella of WT (C) and VEGF120/120 (D) mice, revealing a 

reduced number of BrdU+ GCs in the IGL of VEGF120/120 mice as compared to WT mice. E,F, 

Immunostaining for CD31 (red) illustrating reduced blood vessel density in P9 VEGF120/120 

mice (F) compared to WT littermates (E) Scale bars: A-B, 60µm; C,D, 50 µm; E,F, 360 µm. 

SUPPLEMENTARY FIGURE 6: MATRIX-BINDING ISOFORMS PROMOTE GC ADHESION  

A-D, Triple immunostaining for Pax6, ß-III-tubulin and actin, counterstained with DAPI, of co-

cultures of purified GCs with HEK-Mock (A), HEK-VEGF120 (B), HEK-VEGF164 (C) or HEK-

VEGF188 (D). E, Quantification of the ratio of GCs that attach to HEK cells, revealing that 

significantly more GCs adhere to HEK-VEGF188 or HEK-VEGF164 cells than to HEK-VEGF120 

or HEK-Mock cells. *P<0.05 (by one way-ANOVA). N=30 images from 3 independent 

experiments. Scale bar: A-D, 50 µm. 
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SUPPLEMENTARY FIGURE 7. INCOMPLETE EXCISION OF FLK1 IN MATH1CREER X FLK1LOX/LACZ 

PCR of genomic DNA from purified GCs showing the intact floxed allele (flox) and the deleted 

allele upon CreER-mediated excision of the Flk1 floxed allele (null). Note the residual 

presence of the flox allele in Flk1GCko/LacZ, indicating incomplete excision.  

SUPPLEMENTARY MOVIES 1-3. Organotypic slices from P10 cerebella, electroporated with a 

GFP-encoding plasmid to visualize the migrating GCs and with a control plasmid (movie 1) or 

a VEGF-encoding plasmid (movies 2,3), were cultured for two days before starting the time-

lapse movie during 16h. MOVIE 1: In control cerebella, GFP+ GCs (some indicated with white 

arrows) in the EGL (upper part of the movie) migrate radially towards the IGL (bottom part of 

the image). MOVIE 2: Electroporation of a VEGF-encoding plasmid in GCs in the EGL results 

in ectopic overexpression of VEGF and thereby reverses the VEGF gradient. Note that more 

GCs stall at the EGL/ML border, while fewer GCs reach the IGL. Note also that the leading 

process of some GCs, which had already migrated half-way to the ML, “turns back” in the 

reverse direction towards the EGL again (Movie 2, note cell located in the middle of the image 

pointed with a white arrow). MOVIE 3: Similar to GCs in movie 2, electroporation of a VEGF-

encoding plasmid in GCs in the EGL results in ectopic overexpression of VEGF. GCs stall on 

their way and some turn back and migrate towards the EGL, probably due to the attraction of 

the reversed VEGF gradient (note cells at the middle and right side of the image, white 

arrows).  
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SUPPLEMENTARY TABLE 1. Expression of VEGF, VEGF isoforms, and Flk1 in the 
developing cerebellum 
	  

EGL/upper ML Lower ML/PCL VEGF expression in rat cerebellar layers (P6) 
(ng VEGF/mg protein) 

25.4 ± 10.3 77.7 ± 7.6 

P<0.01 

N=4 

EGL/upper ML Lower ML/PCL VEGF expression in mouse cerebellar layers 
(P6) 
(ng VEGF/mg protein) 24.5 ± 0.9 37.5 ± 0.9 

N=2 

VEGF120 expression in cerebellum (P12) 
(copies mRNA/106 copies ß-actin) 

28 ± 2 N=5 

VEGF164 expression in cerebellum (P12) 
(copies mRNA/106 copies ß-actin) 

143 ± 10 N=5 

VEGF188 expression in cerebellum (P12) 
(copies mRNA/106 copies ß-actin) 

7.0 ± 0.3 N=5 

Flk1 expression in purified GCs (P6) 
(copies mRNA/105 copies ß-actin) 

7.4 ± 1.3  N=4 

Flk1 expression in purified GCs (P6) 
(ng/mg total protein) 

0.53 ± 0.02  N=3 

 
 

SUPPLEMENTARY TABLE 2. VEGF chemoattracts GCs and induces growth cone 
turning in vitro  
 

Boyden chamber assay 
BDNF 
(lower) 

VEGF 
(lower) 

VEGF 
(lower & upper) 

Fold-induction over control 
5.2 ± 2.7 

P<0.05 N=5 
3.7 ± 0.8 

P<0.01 N=11 
1.7 ± 0.3 

P=NS N=6 

Growth cone Turning assay BDNF VEGF control 

Angle turned (degrees) 
+24.7 ± 10.3 
P<0.05 N=8 

+35.8 ± 16.8 
P=0.001 N=12 

-4.1 ± 5.5 
P=NS N=12 
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SUPPLEMENTARY TABLE 3. Transient impaired GC migration in VEGF∂/∂ mice 
	  

In development WT VEGF∂/∂  

VEGF expression (P12) 
(copies mRNA/105 copies ß-actin) 19 ± 2 10 ± 2 P<0.05 

VEGF expression (P10) 
(ng VEGF/mg protein) 24.2 ± 1.2 17.9 ± 0.9 P=0.001 

GCs migration (P12) 
(BrdU+ GCs in IGL, as % of total BrdU+ GCs) 24.8 ± 0.6 18.5 ± 2.6 P<0.05 

GCs migration (P12) 
(BrdU+ GCs in p27+ area, as % of total BrdU+ in EGL) 38.8 ± 1.8 44.8 ± 0.7 P<0.05 

EGL thickness (P12) 
(EGL area, as % of total lobe IX area) 4.8 ± 0.6 8.3 ± 1.1 P<0.05 

Glia density (P12) 
(GFAP+ area, as % of total ML area) 13.6 ± 0.4 13.3 ± 0.3 P=NS 

GCs migration (P15) 
(BrdU+ GCs in EGL, as % of total BrdU+ GCs) 2.1 ± 0.3 3.8 ± 0.3 P<0.05 

GCs migration (P21) 
(BrdU+ GCs in IGL, as % of total BrdU+ GCs) 91.0 ± 1.0 93.0 ± 1.3 P=NS 

Adult WT VEGF∂/∂  

IGL area  
(IGL area, as % of total cerebellum area) 36.1 ± 1.3 36.6 ± 1.6 P=NS 

ML area  
(ML area, as % of total lobe area) 56.2 ± 0.5 55.0 ± 0.2 P=NS 

GC density in the IGL 
(GC volume, as % of IGL volume) 36.6 ± 3.2 39.2 ± 1.9 P=NS 

GABAA-α6 expression 
(GABAA-α6+ area, as % of total lobe area) 22.5 ± 1.3 20.6 ± 1.1 P=NS 

vGlut2 expression 
(vGlut2+ area, as % of total lobe area) 25.5 ± 0.8 23.8 ± 0.6 P=NS 
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SUPPLEMENTARY TABLE 4. Normal cerebellar metabolic profiles in VEGF∂/∂ and 
VEGF188/188 transgenic mice 
 

 
 
SUPPLEMENTARY TABLE 5. Normal GC migration in VEGF164/164 mice 
 

 

In development WT VEGF164/164  

GCs migration (P12) 
(BrdU+ GCs in IGL, as % of total BrdU+ GCs) 22.6 ± 0.5 20.9 ± 0.8 P=NS 

Blood vessel density (P12) 
(CD31+ area, as % of total area) 4.2 ± 0.6 4.1 ± 0.8 P=NS 

 
 
SUPPLEMENTARY TABLE 6. Enhanced GC migration in VEGF188/188 mice 
 

In development WT VEGF188/188  

GCs migration (P12) 
(BrdU+ GCs in IGL, as % of total BrdU+ GCs) 22.6 ± 0.5 30.7 ± 1.5 P<0.001 

GCs migration (P12) 
(BrdU+ GCs in p27+ area,  
as % of total BrdU+ in EGL) 

45.9 ± 0.6 39.6 ± 0.9 P<0.01 

EGL thickness (P12) 
(EGL area, as % of total lobe area) 6.9 ± 0.3 5.1 ± 0.5 P<0.05 

 
 
 

 Control VEGF∂/∂ Control VEGF188/188 

NTP 0.107 ± 0.015 0.077 ± 0.023 0.110 ± 0.015 0.132 ± 0.011 

Lactate 0.231 ± 0.023 0.285 ± 0.061 0.199 ± 0.015 0.223 ± 0.023 

Succinate 0.094 ± 0.009 0.137 ± 0.035 0.099 ± 0.014 0.097 ± 0.010 

Glutamate 0.570 ± 0.035 0.510 ± 0.035 0.525 ± 0.009 0.484 ± 0.021 

Signal intensity ratio for ATP-NAPH (NTP), lactate, Succinate and Glutamate to total 
Creatine, expressed as mean ± SEM. 
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SUPPLEMENTARY TABLE 7. Impaired GC migration in VEGF120/120  
 

In development WT VEGF120/120  

GCs migration (P9) 
(BrdU+ GCs in IGL, as % of total BrdU+ GCs) 23.5 ± 1.3 11.5 ± 2.1 P=0.008 

Blood vessel density (P9) 
(CD31+ area, as % of total area) 2.8 ± 0.4 1.3 ± 0.3 P<0.05 

 
 
SUPPLEMENTARY TABLE 8. Transient impaired GC migration in Math1-CreERTM 

x Flk1lox/LacZ mice 
 

In Development Flk1lox/LacZ Flk1GCko/LacZ  

GCs migration (P8) 
(BrdU+ GCs in IGL, as % of total BrdU+ GCs) 35.9 ± 1.0 25.9 ± 1.3 P<0.0001 

Adult    

BrdU+ GCs in ML  
(as % of total BrdU+ GCs) 6.19 ± 0.80 5.99 ± 0.69 P=NS 

BrdU+ GC density in ML  
(number of BrdU+ GCs per ·106 µm2) 160 ±15 145 ± 14 P=NS 

BrdU+ GC density in IGL  
(number of BrdU+ GCs per ·106 µm2) 2463 ± 198 2350 ± 351 P=NS 

Total cerebellar area (·106 µm2) 5.41 ± 0,34 5.90 ± 0.52 P=NS 

Total IGL area (·106 µm2) 2.07 ± 0.15 2.33 ± 0.21 P=NS 

Total ML area  (·106 µm2) 2.73 ± 0.19 2.19 ± 0.27 P=NS 
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