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Abstract 

Currently, most disease treatments are symptom- based without any mechanistic basis, leading to unmet medical 

need and high numbers needed to treat. Identifying the underlying disease mechanisms is key for precise treatment 

and drug repurposing. One example is an impaired signalling network related to reactive oxygen species (ROS) 

involvement with cGMP signalling (the ROCG disease module). This disease module is relevant for a heterogenous 

cluster of neurological, metabolic, and pulmonary disease phenotypes 1. ROS formation by NADPH oxidases (NOX) 

can affect the ROCG module in several ways: (i) scavenging of NO and further increase of ROS production, (ii) NO 

synthase (NOS) uncoupling, and (iii) formation of insensitive to NO oxidised/heme-free soluble guanylate cyclase 

(sGC)2, 3. By targeting different parts of this pathway with a network pharmacology approach, we could restore the 

physiological state in a highly synergistic manner. Such drugs are also already available in the clinic. For example, 

Riociguat is registered for pulmonary arterial hypertension and belongs to the so-called sGC stimulators (sGCs) 

which are thought to act exclusively on NO-sensitive sGC3. Here, we show that sGCs are also able to stimulate the 

oxidised/heme-free form of sGC, the so-called apo-sGC. Moreover, we show that sGCs combined with sGC 

activators (registered as activators of apo-sGC) yield additive or supra-additive effects on apo-sGC. This data 

suggests that sGCs can be repurposed for cases where apo-sGC is the primary form of the enzyme, such as 

overproduction of reactive oxygen species. A promising example is acute ischemic stroke1. For this indication, three 

drugs targeting the ROCG network are being repurposed: (i) riociguat, targeting almost exclusively apo-sGC, (ii) 

propylthiouracil, registered as an antithyroid drug but also acting as a NOS inhibitor4, and (iii) perphenazine, an 

antipsychotic drug acting as an NOX inhibitor5 (REPO-STROKE II, EudraCT no. 2019– 000474-31). In conclusion, 

our data suggest that drug repurposing for different target proteins and indications can be easily translated to direct 

patient benefit.  

  

Keywords 

Drug repurposing, network pharmacology, sGC stimulators, stroke 

 



 

 
 

 
 

 

 
2/2 

 

 

References 

1. Langhauser F, Casas AI, Dao V-T-V, Guney E, Menche J, Geuss E, Kleikers PWM, López MG, Barabási 
A-L, Kleinschnitz C, Schmidt HHHW. A diseasome cluster-based drug repurposing of soluble guanylate 
cyclase activators from smooth muscle relaxation to direct neuroprotection. npj Syst Biol Appl 2018;4:8. 

2. Casas AI, Hassan AA, Larsen SJ, Gomez-Rangel V, Elbatreek M, Kleikers PWM, Guney E, Egea J, López 
MG, Baumbach J, Schmidt HHHW. From single drug targets to synergistic network pharmacology in 
ischemic stroke. PNAS 2019;116:7129-7136. 

3. Petraina A, Nogales C, Krahn T, Mucke H, Lüscher TF, Fischmeister R, Kass DA, Burnett JC, Jr, Hobbs 
AJ, Schmidt HHHW. Cyclic GMP modulating drugs in cardiovascular diseases: mechanism-based network 
pharmacology. Cardiovasc Res 2021;118:2085-2102. 

4. Palumbo A, d'Ischia M. Thiouracil Antithyroid Drugs as a New Class of Neuronal Nitric Oxide Synthase 
Inhibitors. Biochem Biophys Res Commun 2001;282:793-797. 

5. Elbatreek MH, Mucke H, Schmidt HHHW. NOX Inhibitors: From Bench to Naxibs to Bedside. In: Schmidt 
HHHW, Ghezzi P, Cuadrado A, eds. Reactive Oxygen Species : Network Pharmacology and Therapeutic 
Applications. Cham: Springer International Publishing, 2021:145-168. 

 

 

 

 

This project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant 

agreement No 777111.  This reflects only the author’s view and the European Commission is not responsible for any use that 

may be made of the information it contains. 


	Abstract
	Keywords
	References

