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Melanocortin Receptors

•	Melanocortin peptide hormones are produced in the pituitary by post-  
translational cleavage of proopiomelanocortin (POMC).

•	They activate a family of five Gas-coupled GPCRs, the melanocortin    
receptors (MC1-5).

•	Dysfunctional melanocortin peptide/receptors are implicated in a myriad of patho-
physiologies including; skin pigmentation, steroidogenesis, energy balance, food 
intake, sexual behaviour and inflammation.

•	Modulators of MC1-5 (antagonists, agonists or allosteric modulators) are   
therefore a focus for drug development.

•	MC3 receptors are expressed on immune cells and activation leads to  attenuation 
of NF-kB function and reduced release of pro-inflammatory mediators (IL-1, IL-6 
and IL-8).

•	MC3 receptor  expression increases in inflammatory and mechanical joint disease, 
thus activators of MC3 could attenuate pro-inflammatory responses and offer 
novel anti-inflammatory therapeutics.

Positive Allosteric Modulation

•	 In contrast to ‘direct’ orthosteric agonist activation, positive allosteric     
modulators of MC3 could afford additional therapeutic advantage.

•	These include; 
•  Improved receptor-subtype selectivity
•  Retention of physiologically-controlled spatial and temporal resolution
•  A self-limiting saturability of effect
•  Exploitation of untapped chemical space

•	The use of functional assays has enabled simultaneous detection of both 
orthosteric and allosteric modulators, but is associated with additional  complexity 
in screening and follow-up.

•	These include the requirement for; 
• Exquisite control of native agonist responses
• Deconvolution of compound Mechanism of Action
• Extensive hit confirmation and validation to ensure receptor specificity

•	Nonetheless, confirmed and selective Positive Alloteric Modulators may   
provide novel therapies and IP for a range of unmet clinical needs. 

Dual HTS for Melanocortin 3 Receptor 
Agonists and PAMs

• We have undertaken a high-throughput screen of MC3 to identify novel anti-
inflammatory therapeutics

• A robust HTRF® functional cAMP assay (Cisbio) was configured using CHO 
cells stably expressing MC3 (Invitrogen).

• Pre-incubation of cells with a sub-maximal concentration of native MC3 agonist 
(lys-g3-MSH, [EC20]) sensitised the HTS to the  simultaneous detection of both 
agonists and PAMS (Figure 1)

• The MRCT 100K compound collection was screened at a final assay  
concentration of 10mM and assay performance criteria were met or exceeded 
(Figures 1&2) 

• Hit rates were not unusual (high or low) in comparison with other peptidergic 
7TM/GPCR agonist cAMP based screens (Figure  2).

Figure 3.  Deconvolution of mechanisms of action

Following separate confirmation assay of hits in the presence and absence of an 
EC20 of lys-g3-MSH, discrete mechanism of action signatures were identified.    
Correlation of these sub populations showed that the HTS had identified a range 
of activities in either modality. Note; data interpretation to this point was heavily 
caveated by being prior to receptor specificity confirmation.

Figure 2.  HTS Assay Statistics 

 
A; In keeping with good assay performance and low control well CVs the activity 
of test compounds followed a normal distribution and was sharply centred around 
0%.  A very slight negative skew likely reflected the presence of inhibitors in the 
compound collection. B & C; Selected activity cut-offs provided a range of hit rates 
that were not unusually high or low.  D; Overall assay performance statistics were 
acceptable.

Figure 1.  HTS Assay Performance

 
A; Signal magnitude was largely consistent across test occasion and for 
the entire duration of the screen. B; Data were normalised to high (EC100) 
and low (EC20) controls. C; Z prime values consistently exceeded plate 
pass/fail acceptance criteria (Z’≥0.5). D; Throughout the HTS the response 
to lys-g3-MSH (nominally EC20) was very consistent despite the complexity 
of handling this sticky peptide.

Figure 5.  Quantitative pharmacological analysis of 
PAM and agonist activities.

To better understand the nature of the allosteric potentiation (efficacy- and/or affinity 
driven), leftward shift type experiments were performed.
PAM profiles were largely consistent with affinity-driven modulation although assay 
system limitations (saturation of response) confounded definitive conclusion.  

Figure 4.  Full curve analysis and further deconvolution

Selected hits were profiled as full curves and then assayed in the presence and 
absence of lys-g3-MSH (EC20). Separate mechanism of action signatures were 
evident and effects were concentration-dependent. Of note was the relatively 
modest (modulator) potency of the PAMs in this assay configuration.
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Figure 6.  Full leftward shift and specificity 
confirmation of an exemplar PAM.

In addition to a 7 point leftward shift analysis which facilitated modelling (extended 
ternary complex), a lack of ‘direct’ agonist activity with the PAM (up to 100uM) 
was confirmed.  Importantly, the PAM did not affect an unrelated (exogenous) b2- 
Adrenoceptor mediated agonist response, tested in the same cell line. 

Figure 7.  Generalised strategy for dual agonist and 
PAM functional HTS.

An extensive panel of functional assays and compound tools are required to 
provide confidence in the specificity and mechanism of allosteric modulation.  
Major confounding factors include the presence of endogenous GPCRs that can 
indirectly affect assay detection as well as the impact of downstream cellular 
pathway modulation.

Summary

• An HTRF cAMP-based functional HTS has been used to screen the MRCT 100K compound collection.
• Putative agonists and PAMs have been identified and further validated to confirm discrete mechanisms of action.
• Extensive follow-up testing has enabled detailed pharmacological characterisation and quantitative assessment of PAM activity

Generalised strategy for dealing with the output of dual 
agonist and PAM functional HTS 

• It is recognised that targeting allosteric sites and mechanisms of action 
for  7TM/GPCRs offers much untapped potential for drug discovery.

• However, the practical considerations in developing, conducting and 
following up allosteric HTS are typically many fold, necessarily complex 
and time consuming.

• Ensuring that the functional responses observed are mediated via the   
receptor under test, is paramount.

• Failure to do so risks embarking on chemistry campaigns on compounds 
that are outwardly attractive but are in fact a costly distraction.

• An extensive panel of assays were established to try to address these 
points for the MC3 dual agonist and PAM HTS (Figure  7).

Hit follow up and deconvolution of compound 
mechanism of action

• After in silico phys-chem property filtering and triage, selected compounds 
were progressed to confirmation, validation and selectivity assays.

• Hits were re-screened at a single concentration to confirm activity in the  
presence and absence of EC20 of lys-g3-MSH (Figure  3).

• Analysis suggested reasonably discrete populations of putative agonists and 
PAMs with a far lower number with mixed effect (possible allosteric agonists). 
(Figure  3).

• To further validate assays and compounds (ongoing) some hits were profiled 
in full curve assays. 

• These data have enabled and reinforcing the distinction between agonists 
and PAM modalities. (Figure  4).

• By way of further confirmation of allosterism, selected compounds were also 
profiled in detailed pharmacological characterisation assays. (Figure  5).

• Profiles were distinguished by the effect (or lack of) on the apparent 
potency  (mid-point shift) of native agonist. (Figure  5).

• Quantitative pharmacological analyses and modelling of exemplar PAMs 
suggest appreciable and specific PAM activity of MC3, a lack of overt agonism 
and a lack of effect vs an unrelated peptidergic GPCR. (Figure  6).

• Embarking on this 7TM PAM based project has necessitated the development of a panel of down 
stream assays, which have provided confidence in the specificity of the effect.

• It is hoped that by following iterative chemical optimisation and progression through associated 
drug discovery cascades these compounds will ultimately provide novel therapeutics.


