
Supplementary Methods 

 

Analysis for PDE expression by reverse-transcription PCR 

 RNA was extracted from untreated SVZ-derived NSC by 2-

Propanol/chloroform extraction procedure, using TRI Reagent. RNA extraction 

from a total mouse brain was used as positive control for all PDE tested, except 

for PDE6 (RNA from mouse retina was used). For both, RNA was reverse-

transcribed by using random hexamer primers with the Transcriptor High 

Fidelity cDNA Synthesis kit, following the manufacturer’s instructions. 100 ng of 

cDNA product was used in the PCR catalyzed by the DNA polymerase included 

in FastStart PCR Master Mix. The sequences of primers used are listed in 

Supplementary table 1. An initial denaturation at 95 ºC for 4 min was performed 

on a thermal cycler followed by 40 cycles with 30 s of denaturation at 95 ºC, 30 

s of annealing at 58 ºC (except for PDE10A, 53 ºC for 30 s) and 30 s of 

extension at 72 ºC, ending with a final extension of 7 min at 72 ºC. A portion of 

the PCR mixture was electrophoresed in a 2 % agarose gel in TAE 1x buffer, 

stained with ethidium bromide. 

 

Analysis of cell proliferation by microscopy 

Proliferation of SVZ-derived neural stem cells was assessed by 

incorporation of EdU using the Click-iT® EdU Alexa Fluor® 594 HCS Assay kit, 

as previously described [31]. Cells were treated for 24 h with PDE5 inhibitors 

T0156, sildenafil or zaprinast, with the sGC activator YC-1 or with the cGMP 

analogue 8-Br-cGMP. 10 µM EdU was added to the SVZ cultures for 4 h before 

fixation. Cells were fixed with 4% paraformaldehyde/4% sucrose, rinsed with 3 



% BSA in PBS, and permeabilized with 0.5 % Triton X-100. Detection of EdU 

incorporation is based on click chemistry, a copper catalyzed covalent reaction 

between an azide (conjugated with the Alexa Fluor 594 fluorophore) and an 

alkyne (EdU). Cells were incubated with the azide conjugate and copper 

sulphate, following the manufacturer’s instructions. Nuclei were labeled with 

Hoechst 33342. Images were acquired in an epifluorescence microscope 

(Axioimager Z2, Zeiss, Jena, Germany) with a Coolsnap HQ 2 camera 

(Photometrics, Arizona, USA). A minimum of 4 independent experiments was 

analyzed for each condition. Results are presented as means ± SEM of the 

percentage of live cells that incorporated EdU (% of control), as previously 

described [31]. 

 

  



Supplementary Results 

 

Supplementary Table 1.  Sequences of forward and reverse primers for mouse 

PDE1, 5, 6, 7, 9 and 10.  

Gene Forward/ Reverse Sequence 

PDE1A 1 
Forward 5’-GGGAAACTACAGTGCCATCTTC-3’ 

Reverse 5’-CGCAATCCCTGAACTGTATGTA-3’ 

PDE1B 1 
Forward 5’-CTCATCCGACCAATGTCTGTAA-3’ 

Reverse 5’-TACAAGAGAGGAGGAGGCAGTC-3’ 

PDE1C 1 
Forward 5’-CCTGAGCAGATCGAGAAAATCT-3’ 

Reverse 5’-CCGTCTGTACATTCTTTCCACA-3’ 

PDE5A 2 
Forward 5’-AATACCACCCCTGGAGCACC-3’ 

Reverse 5’-TTCAAGGGCTCGCCAAAAGC-3’ 

PDE6C 
Forward 5’-ACGTAACCTCCGACCCGACCA-3’ 

Reverse 5’-CATAGGCTGACTCTGCACCTCCCA-3’ 

PDE7A 3 
Forward 5’-AGTCTATTGCCAACATCCAGATTG-3’ 

Reverse 5’-GAAAACCTGGCCCACTCTGTAA-3’ 

PDE7B 3 
Forward 5’-TGGGCGGCTCTATCCCGTCA-3’ 

Reverse 5’-AAGGGCCAGAGGCGAACACG-3’ 

PDE9A 
Forward 5’-GGCCCCGGAAAACACCACAGAG-3’ 

Reverse 5’-AGTCTGTGCACACATTGAGATGTCC-3’ 

PDE10A 
Forward 5’-CGATGCCTACGCGGACCCTC-3’ 

Reverse 5’-TGCACCACGCCAATCACGCT-3’ 
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Supplementary Table 2.  Apoptotic cell death in neural stem cell cultures 

following exposure to PDE5 inhibitors. 

 Treatment % Apoptotic death  

6
 h

 
Control 

1 µM T0156 

1 µM Sildenafil  

10 µM Zaprinast 

13.7 ± 1.4%  

9.5 ± 1.5% (n.s.) 

16.7 ± 0.9% (n.s.) 

19.3 ± 2.5% (n.s.) 

2
4

 h
 

Control 

1 µM T0156 

1 µM Sildenafil  

10 µM Zaprinast 

15.5 ± 1.0%  

13.9 ± 1.9% (n.s.) 

16.8 ± 2.0% (n.s.) 

10.6 ± 1.8% (n.s.) 

 

Apoptotic cell death was assessed using the nuclear dye 7-AAD, detected by 

flow cytometry following treatment with PDE5 inhibitors for 6 h or 24 h. Data are 

expressed as means ± SEM of at least 6 independent experiments. One-way 

ANOVA (Dunnett´s post-test), p>0.05 (non-significant; n.s.), not different from 

control.  

  



 

Suppl. Fig. 1 Expression of PDE in SVZ cultures. mRNA expression of PDE1, 

5, 6, 7, 9 and 10 in the mouse SVZ was assessed by PCR. mRNA from mouse 

brain was used as a positive control; for PDE6 the positive control used was 

mRNA from mouse retina 

  



 

Suppl. Fig. 2 The PDE5 inhibitors, the sGC activator and the cGMP analogue 

stimulated the proliferation of SVZ neural stem cells following 24 h of exposure. 

Cells were treated with the PDE5 inhibitors 1 µM T0156, 1 µM sildenafil, 10 µM 

zaprinast (b), or with the sGC activator, 20 µM YC-1 (c), or the cGMP analogue, 

20 µM 8-Br-cGMP (d), for 24 h. The incorporation of EdU was assessed by 

fluorescence microscopy. Representative images of EdU-positive cells are 

shown (red) in neural stem cells after exposure to PDE5 inhibitors, YC-1 or 8-Br-

cGMP for 24 h (a). Nuclei are labeled with Hoechst 33342 (blue). Scale bar: 20 



µm. Data are expressed as means ± SEM of at least 4 independent 

experiments. (b) One-way ANOVA (Dunnett’s post-test), *p<0.05, **p<0.01 and 

***p<0.001, significantly different from control and, (c) and (d) two-tailed t test, 

*p<0.05, significantly different from control. 

  



 

Suppl. Fig. 3 PDE5 inhibitors increased signaling by the ERK1/2 pathway up to 

2 h of exposure. SVZ stem cells were treated with 1 µM T0156 (a), 1 µM 

sildenafil (b), 1 µM zaprinast (c) and 20 µM YC-1 (d) for 30 min, 1h or 2h 

  



 

Suppl. Fig. 4 Sildenafil did not alter the basal levels of phospho-ERK1/2 and 

p27Kip1 following 6 h of treatment. Phospho-ERK1/2 (a) and p27Kip1 levels (b) 

following treatment with 1 µM sildenafil for 6 h were assessed by Western blot. 

Data are expressed as means ± SEM of at least 3 independent experiments. 

Two-tailed t test (p>0.05) 

 

 


