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1. Introduction: G protein-coupled receptors oligomerization 
 
2. Visualizing adenosine/dopamine receptors oligomers in 
native tissue (i.e. striatum) 
 
3. Potential impact of adenosine and dopamine receptors 
oligomerization in Parkinson’s disease therapeutics 
 
4. Overall conclusion 



General principle of the GPCR  
signalling system 

 Vilardaga et al., 2010. J. Cell. Sci. 123, 4215-4220. 
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GPCR 
oligomer 

More allosteric sites for modulation  

Modulation of signaling cascades 

G protein arrestin 

+ 

Modulation of G protein selectivity 

+ + 

●Disease-specific oligomer 

●Disease-unbalanced oligomer 

Pathology Normal condition 

Pathology Normal condition 

Role in pathophysiology 

+ 

Modulation of G protein activation 

X 
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GPCR oligomerization 
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Question 
There is any relationship between Parkinson’s 
disease and A2AR/D2R oligomerization state? 
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Basal ganglia circuitry and PD 
 Vallano et al., 2013. CNS & Neurol. Dis.-Drug Targets. 12(8):1128-42. 

Cortex 
Caudate 

Putamen 

GPe GPi 

Thalamus 

SNr 

SNc 

STN 
D1R 

D
ir

ec
t 

p
at

h
w

ay
 Cortex 

Caudate 

Putamen 

GPe GPi 

Thalamus 

SNr 

SNc 

STN 
D2R 

In
d

re
ct

 p
at

h
w

ay
 

P
D

 

Cortex 
Caudate 

Putamen 

GPe GPi 

Thalamus 

SNr 

SNc 

STN 



2. Oligomerizarion in native tissue                  6/23 

Detection of striatal A2AR/D2R oligomer 
 in a PD animal model 

The 6-OHDA-lesioned rat:  
a validated animal model of PD 
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D2R-A2AR co-clustering in the striatum of 
normal and 6-OHDA-lesioned rats 
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Fernández-Dueñas et al. (2015). Dis Model Mech. 8(1):57-63. 
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The PLA technique 

A. Immunodetection B. PLA probes binding C. Annealing & Ligation D. RCA & Detection 

Taura et al. (2015). Current Protocols in Cell Biology 67, 17.17.1-17.17.16. 

2. Oligomerizarion in native tissue                  8/23 



M
o
u

se
 

R
a
t 

Striatum (WT) Cortex (WT) Striatum (KO-A2AR) 

Mouse Rat 

a 

b 

c 

a 

b 

L N 

* 

N L 

N L 

TH 

Detection of D2R and A2AR proximity in normal 
and 6-OHDA-lesioned rat striatal sections 

Fernández-Dueñas et al. (2015). Dis Model Mech. 8(1):57-63. 
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337 nm 

D2R
 A2AR 

672 nm 

SCH442416dy647 

FRET 

Detection of D2R and A2AR proximity in normal 
and 6-OHDA-lesioned rat striatal sections 

TR-FRET using fluorescent 
adenosine and dopamine receptor antagonists 

in striatal membranes 

NAPSLumio4Tb 
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Detection of adenosine receptor  
containing oligomers in HEK cells 
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Fernández-Dueñas et al. (2015). Dis Model Mech. 8(1):57-63. 
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Detection of adenosine receptor  
containing oligomers in native tissue 
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Fernández-Dueñas et al. (2015). Dis Model Mech. 8(1):57-63. 
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Detection of the A2AR/D2R oligomer 
 in the striatum of the PD animal model 
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Fernández-Dueñas et al. (2015). Dis Model Mech. 8(1):57-63. 
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Conclusion 
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●A2AR/D2R oligomer is unbalanced in experimental parkinsonism 

Normal  
condition 

Pathology 
(i.e. PD) 
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Functional impact of oligomer down-regulation 

The striatal A2AR shows constitutive activity in 
experimental parkinsonism  

● Caffeine-evoked locomotor 
activity in 6-OHDA lesioned mice 
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● cAMP measurement in striatal 
synaptosomes 
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Fernández-Dueñas et al. (2014). ACS Chem. Biol. 9 (11), 2496-2501. 



A2AR D2R 

DOPAMINE 

Which should be the profile of an anti-PD drug? 

3. Oligomer-dependent allosterism                       16/23 

ADENOSINE 



Fernández-Dueñas et al., 2012. J. Neurochem. 123, 373-384. 

A2ARCFP + D2R
AGT 

Transfection 

CFP SNAP merge SNAP 

A2AR
CFP 

MRS5424 
(APECAlexa532) 

FRET 

Effect of D2R challenge on  
real-time A2AR agonist binding  
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D2R agonists are negative allosteric 
modulators (NAMs) of A2AR binding and this 

phenomenon is A2AR/D2R oligomer dependent 

Parkinson’s disease context 

Effect of D2R challenge on  
real-time A2AR agonist binding  
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Discontinued 

Screening for more efficacious D2R agonists to be 
used in PD management 

Effect of D2R challenge on  
real-time A2AR agonist binding  
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Fernández-Dueñas et al. (2013). Neurochem. Int. 63 (1), 42-46.. 



Testing the A2AR NAM activity of most common 
therapeutic D2R agonists 

Rotigotine 

Pramipexole Apomorphine 

Quinpirole 

Effect of D2R challenge on  
real-time A2AR agonist binding  
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Fernández-Dueñas et al. (2013). Neurochem. Int. 63 (1), 42-46. 
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Conclusion 
Ontogeny of A2AR/D2R oligomer in normal and 

pathological conditions   

Normal 
condition 

Parkinson’s disease 

Pathological condition 
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Overall Conclusion 

The down-regulation of the striatal A2AR/D2R oligomer correlates 
well with an increase in A2AR constitutive activity 

The striatal dopaminergic denervation induces a down-regulation 
of the A2AR/D2R oligomer 

We demonstrate the existence of the A2AR/D2R oligomers in 
native tissue (i.e. striatum)  

D2R agonists behave as A2AR NAMs in an oligomer-dependent 
manner. Thus, this might be interesting in the design, screening 
and usage of D2R-based drugs for PD pharmacotherapy  
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