
                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

 
 

MODELLO PER INVIO RELAZIONE DI METÀ E FINE PERIODO 
 
 
NOME E COGNOME: _____Clarissa Anna Pisanò 
 
UNIVERSITÀ: _Università degli studi di Ferrara 
 
DIPARTIMENTO (in caso di borsa per soggiorno all’estero specificare l’ente presso cui si è svolta la 

ricerca): Department of Pharmacology and Toxicology, Michigan State University 

TUTOR (in caso di borsa per soggiorno all’estero specificare il tutor dell’ente presso cui si è svolta la 

ricerca):  Dr Richard Neubig 

TIPOLOGIA DI BORSA RICEVUTA: _Borsa SIF per brevi periodi all’estero 
 
TIPOLOGIA DI RELAZIONE (es.: metà periodo o finale): metà periodo 
 
TITOLO DELLA RELAZIONE:  Interaction between NOP receptor and RGS4: implications for L-Dopa induced 

dyskinesia. 

 
 
RELAZIONE:  
 
Background and previous experiments L-Dopa-induced dyskinesia (LID) is the most disabling 

unwanted effect of dopamine replacement therapy of Parkinson's disease. There is no current 

treatment for LID, thus the development of new antidyskinetic approaches is still a priority. We 

recently reported the antidyskinetic effect of nociceptin/orphanin FQ (N/OFQ) opioid peptide 

(NOP) receptor agonists, AT-390 and AT-4031. The main issue related to the use of these 

compounds was the strong sedation conveyed at maximally effective doses. We identified, only 

for AT-403, a dose (0.03 mg/Kg) in which the antidyskinetic effect was not associated with the 

sedative one. Unfortunately, the antidyskinetic effect of this dose was mild and transient1. To 

overcome this problem, we tested the hypothesis that inhibitors of regulators of G protein 

signaling (RGS) isoform 4 (RGS4) potentiate the antidyskinetic effect of AT-403 relative to the 

sedative one, widening the therapeutic window. Indeed, the NOP receptor couples to Gαi, and 

both the NOP receptor and RGS4 are co-expressed in same neuronal populations of the basal 

ganglia (e.g. striatal medium sized spiny neurons)2,3, where LID originate4. 
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We tested our hypothesis in a well-accepted animal model of LID5-7, the 6-OHDA hemilesioned rat 

chronically treated with L-Dopa. We were able to show the potentiation of the anti-dyskinetic 

effect of AT-403 when associated with a selective RGS4 inhibitor, CCG-203920. In addition, we 

were glad to report that the blockade of RGS4 did not affect the sedative effect of AT-403. In 

addition, CCG-203920 potentiated the AT-403-driven normalization of phophorylated ERK 1/2 

levels in the dopamine-depleted striatum, a biochemical correlate of human LID in rodents1,5. 

Overall, these data strongly point to an interaction between NOP receptor and RGS4. To prove the 

existence of such interaction, we quantified the forskolin-induced production of cAMP in Human 

embryonic kidney (HEK293T) cells.  

 
Methods:  

Cell culture and transfections   

Human embryonic kidney (HEK-293T) cells were maintained in a humidified incubator at 37°C with 

5% CO2 and grown to 90-95% confluence in Dulbecco’s modified Eagle’s medium (DMEM) 

supplemented with 10% fetal bovine serum (FBS), 100 U/ml penicillin and 100 µg/ml 

streptomycin. Cells were transfected using Lipofectamine 2000 according to the manufacturer’s 

recommended protocol. All transfections were performed under serum-free conditions in Opti-

MEM. Transfections were allowed to proceed for 4-5 h before the media was changed back to 

DMEM with 10 % FBS. Experiments were run 24 h after transfection.  For cAMP assays, cells were 

plated in 6-mm dishes. DNA was kept constant at 6 µg and 6 µl of Lipofectamine2000 per plate 

was used. Empty vector (pcDNA3.1) was used to adjust the total amount of DNA8.   

 

 
 

Fig. 1 Schematic representation of transfection protocol in HEK293T cells. 

   
cAMP measurements   

LANCE Ultra cAMP assays (Perkin Elmer; Waltham, MA) were performed in accordance with the 

manufacturer’s instructions. Briefly, HEK-293T cells were transfected as indicated above, the day 

before the assay. Cells were dissociated from dishes using Versene on the day of experiment. Then 

cells (2,000 cells/well in 5µl) were transferred to a white 384-well microplate (Perkin Elmer) and 
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incubated with various concentrations of Nociceptin and Forskolin (final 1µM; 5 µl/well) for 30 min 

at room temperature. A cAMP standard curve was generated in triplicate according to the manual. 

Finally, europium (Eu)-cAMP tracer (5µL) and ULight™-anti-cAMP (5µL) were added to each well 

and incubated for 1h at room temperature. The plate was read on a TR-FRET microplate reader 

(Synergy NEO; Biotek, Winooski, VT)8. In Fig.2, it is shown a simplified protocol for cAMP assay. 

 

 
Fig. 2 Schematic representation of cAMP assay protocol. 

Data analysis  

All data was analyzed using GraphPad Prism 8.0 (GraphPad; LaJolla, CA). Dose response curves 

were fit using non-linear least squares regression. Data are presented as mean ± SEM.  

 

Materials  

N/OFQ was purchased from Tocris (Minneapolis, MN). Forskolin was from Calbiochem (San Diego, 

CA). LANCE Ultra cAMP assay was purchased from Perkin Elmer (Waltham, MA). 

All plasmids were purchased from cDNA Resource center (Bloomsburg, PA). 

 

Results 

Validation of an in vitro assay to assess function of NOP receptor.  

We used inhibition of forskolin-stimulated cAMP levels as a functional readout to reach an 

efficient quantification of NOP receptor response. 

We transfected HEK293T cells with increasing amount of NOP receptor (0.5-1-2 µg) in combination 

with Gαo subunit (0.5-1-2 µg) or with the empty vector (pcDNA3.1). As shown in Fig.3, we 

obtained inhibition of cAMP by applying increasing concentrations of the endogenous NOP 

receptor ligand, N/OFQ, in combination with (73%, 67% and 66% respectively) or without 

(23%,40%, 43%, respectively) over-expression of Gαo. These data suggest that NOP receptor-

driven inhibition depends on the overexpressed Go and on the Gi endogenously expressed in the 

HEK293T.  
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Fig. 3 Concentration-response curves of N/OFQ in HEK293T cells. (A) Concentration–response curves of N/OFQ in cells transfected 
with different amounts of NOP plasmid (0.5-1-2 µg). (A) Concentration–response curves of N/OFQ in NOP/Gαo co-transfected cells 
with different amounts of plasmid (0.5-1-2 µg).  

 
RGS4 negatively modulated NOP receptor signaling. 

At first, we decided to transfect both NOP and Gαo in order to have a strong degree of inhibition 

of cAMP production. In addition, we decided to add the same amount of RGS4 to have a 1:1 ratio 

with Gαo. As showed in Fig.3A, N/OFQ inhibited the forskolin-stimulated production of cAMP. The 

concentration-response curve of N/OFQ (EC50=75±33. nM), unfortunately, was not strongly shifted 

by the presence of RGS4 (EC50=127±41 nM; Fig 3B). 

At the same time, we decided to look at the interaction between NOP receptor and another RGS, 

RGS19, in order to disclose if NOP receptor is modulated by other RGS proteins.  

The presence of RGS19 was not able to shift the N/OFQ curve (EC50=95±29 nM). Based on these 

negative results, we hypothesized that the overexpression of Gαo might counteract the RGS 

negative modulation of NOP signaling.  
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Fig. 4 Concentration-response curves of N/OFQ in HEK293T cells. HEK293T cells were transfected with NOP/Go (2µg/each plasmid) 
in combination with pcDNA (n=8), RGS4 (n=8, A) or RGS19 (n=6, B). Data are presented as mean ±SEM of the percentage of 
forskolin-stimulated cAMP production.  

For this reason, we choose to transfect NOP receptor (1µg) alone or in combination with RGS4 

(2µg). The preliminary data (Fig.5A) showed that the presence of RGS4 shifts the N/OFQ 

concentration-response curve to the right side of the X axis (EC50=28±22nM for NOP receptor 

alone; EC50=163±5nM in combination with RGS4). As shown in Fig. 5B, there is a significant 

decrease of the potency of N/OFQ (~6 fold) when the NOP receptor is co-expressed with RGS4. 

These data, however, were obtained in a limited number of experiments and need to be 

confirmed.  

 



                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

 
Fig. 5 (A) Dose–response curves of N/OFQ in HEK293T cells. The curve of N/OFQ is shifted to the right side of X axis when RGS4 is 
expressed (n=2). (B) A significant decrease in the potency of N/OFQ is produced when RGS4 is expressed. Data are presented as 
mean ±SEM of the percentage of inhibition of forskolin-stimulated cAMP production (A) or as mean of the absolute values (B).  
 

Future Perspectives 

Our in vitro study seems to confirm of working hypothesis generated on the basis of in vivo 
findings. Although more confirmatory experiments are needed, preliminary data are promising 
and justify further investigations. For this reason, we are planning to confirm the data with N/OFQ 
and hopefully to replicate these data with the NOP receptor agonists used in the in vivo study, AT-
403. In addition, we are working to have striatal primary neurons from wild-type mice and RGS4 
knock-out mice in order to test our hypothesis in a system closer to in vivo conditions. The next 
step is understanding if RGS4 is recruited from the cytoplasm to modulate the NOP receptor. To 
this aim, we are working to set a suitable protocol to co-immunoprecipitate our targets.  
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