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Introduction: Recently, we have found that the increase of intracellular 3’,5’ cyclic guanosine monophospate (cGMP) levels, 
caused by the pharmacological inhibition of phosphodiesterase type 5(PDE5) with sildenafil or vardenafil, was able to stimulate 
the production of amyloid-β (Aβ) in a concentration- and time-dependent manner. This effect was not due to the increased 
production of the Amyloid Precursor Protein (APP) or to the stimulation of beta-secretase (BACE1) activity. Rather, it was 
mediated by the cGMP-induced enhancement of APP-BACE1approximation in endo-lysosomal compartments, where the 
production Aβ is favored. Moreover, using Aβ antibodies or APP knockout mice, we have also demonstrated that enhancement 
of Aβ production by cGMP is instrumental for hippocampal long-term potentiation and memory formation/consolidation.
In the present study, we investigated the molecular mechanisms by which cGMP regulates the subcellular localization of APP 
and BACE, in order to add further details to the process of Aβ-   mediated memory formation.

Materials and methods: Neuronal N2a cell cultures were used in all experiments. To elevate cGMP intracellular levels, N2a 
cells were treated with vardenafil (VDF) at the concentration of 100 mM. To study APP internalization, cell surface was 
biotinylated, followed by cell lysis and precipitation with Neutravidin beads. APP levels in the plasma membrane was determined 
by immunoblot analysis with 22C11antibody. To visualize APP internalization, N2a cells were first incubated with the anti-APP 
antibody 6E10 at 4°C and then treated with VDF for different times at 37°C. At the end of the incubation, cells were fixed, 
permeabilized, labeled with a green-fluorescent antibody and imaged by confocal microscopy. We also analyzed the effect 
of PITSTOP2(25mM), an inhibitor of endocytosis, on the extracellular levels of Aβ42measured by ELISA in conditioned media 
from VDF-treated cultures. To investigate the involvement of Arf6and Rab5, we overexpressed wild type/mutant proteins in N2a 
cells and measured Aβ42levels in conditioned media. In addition, we assayed Rab5activity in N2a cultures in the presence of 
VDF (100 mM). Finally, using the Venus protein technique, we confocal microscopy analyzed the effect of genetic inhibition of 
Rab5on APP-BACE1approximation
 
Results: The VDF-induced increment of cGMP causes the internalization of APP from the cell surface to endocytic vesicles. 
In support to this result, we found that the increase of extracellular Aβ42levels by VDF is abolished in the presence of the 
clathrin-dependent and -independent endocytosis inhibitor PITSTOP2. The transfection of N2a cells with constitutively active 
or dominant negative Arf6did not affect extracellular Aβ42concentration that, on the contrary, was significantly reduced and 
increased by constitutively active or dominant negative Rab5, respectively. As a matter of fact, we observed that Rab5activity 
was significantly reduced in VDF-treated cell cultures. In line with these observations, the expression of Rab5dominant negative 
in N2a cells mimicked the APP-BACE1approximation provoked by VDF.

Discussion and conclusions: The present data confirm and extend our previous results showing that elevating cGMP levels by 
the inhibition of its PDE5-mediated degradation results in the internalization of APP, a process that occurs most likely through 
the inhibition of the activity of the small GTPase Rab5. By stimulating this internalization, cGMP boosts the co-localization of 
APP and BACE-1in the endo-lysosomal compartment, thus favoring the production of Aβ. This might represent an additional 
mechanism of action for the cognitive-enhancing properties of PDE5inhibitors. 


