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« 516 approved
drugs
targeting GPCRs, 
making up 36% of 
all approved drugs »



2 récepteurs RCPG orphelin

- GPR88 et striatum

- GPR139 et habénula



GPR88



Gpr88 Distribution

Ehrlich et al Brain Structure and Function 2018

Ehrlich et al Com Biology 2018

In mice

In Human



Gpr88 agonist

Chunyang Jin, RTI, NC, USA



Gpr88 agonist

Chunyang Jin, RTI, NC, USA



RTI33 reduces alcohol intake in intermittent access procedure

Intermittent-access 20% alcohol 2-bottle-choice drinking 

paradigm adapted from Wise, 1973; Simms et al., 2008 :

Tap water

Alcohol 20%
24 hrs alcohol access on:

Monday

Wednesday

Friday

Saline
RTI-13951-33

*

n=8-10
C57BL/6J mice

Mice underwent Intermittent access to 20% alcohol in a 2-bottle choice procedure for 8 weeks. Saline or RTI33 group

assignments are then made in a pseudo-randomized manner to achieve similar pre-treatment alcohol intake.

Mice were injected with RTI-13951-33 (30 mg/kg, i.p) or Vehicle 30 minutes before the beginning of the last 24h alcohol

drinking session. p<0.05. * vs Veh.
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Improve Gpr88 agonist

Chunyang Jin, RTI, NC, USA

• RTI-122
▪ ⬈ Perméabilité cérébrale
▪ ⬈ ½ vie
▪ ⬈ Efficacité



Cibler le récepteur orphelin GPR88 chez la souris pour limiter le trouble de l’usage d’opiacés

L’activation pharmacologique de GPR88 limite-elle le TUO ? 

RTI-122
(Agoniste synthétique de GPR88)

Comportements de type 
addictif

Effet récompensant de 
la morphine

Préférence de Place 
Conditionnée

Modèle d’auto-stimulation
optogénétique

J. Meyer C. Tavenard



Préférence de Place Conditionnée

• Souris WT vs Gpr88 KO

→ GPR88 → Ø GPR88

Effet récompensant de la Morphine ± RTI-122

Meirsman et al. 2016

WT : Wild Type



Préférence de Place Conditionnée

• Souris WT vs Gpr88 KO

→ GPR88 → Ø GPR88

Morphine (10 mg/kg, i.p.)
RTI-122 (20 mg/kg, i.p.)

Test de Kruskal-Wallis (p = 0,52). n = 4-6/groupe. Moyenne ± S.E.M.

Effet récompensant de la Morphine
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Préférence de Place Conditionnée

• Souris WT vs Gpr88 KO

→ GPR88 → Ø GPR88

Morphine (10 mg/kg, i.p.)
RTI-122 (20 mg/kg, i.p.)

WT KO

Test de Kruskal-Wallis (p = 0,52). n = 4-6/groupe. Moyenne ± S.E.M.

Effet récompensant de la Morphine ± RTI-122
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• Souris : MOR-Cre Bailly et al. 2020

• 5 comportements de type addictif
Deroche-Gamonet et al. 2004

Welsch et al. 2023

Optogénétique Modèle d’auto-
administration de lumière

Opto-inhibition neurones MOR-VTA 
→ Dopamine dans striatum

Comportements de type addictif ± RTI-122 MOR : Récepteur opioïde µ
NP : Nosepoke
VTA : Aire tegmentale ventrale

Johnson et al. 1992
Corre et al. 2018



(A)

Acquisition

(B)

(A, B) Test d’ANOVA à 2 facteurs à mesures répétées (A : p = 0,0102 ; B : p = 0,0147), test de comparaisons multiples de Tukey post-hoc. n = 6-8/groupe. Significativité statistique * : p < 0,05 ; ** :
p < 0,01 ; *** : p < 0,001. Moyenne ± S.E.M.

Comportements de type addictif ± RTI-122 NP : Nosepoke

GtACR2 : 



(A)

Acquisition

(B)

(C) (D)

RTI-122⬊ Opto-inhibition neurones MOR-VTA 
⇨⬊ Recherche de récompenses

: RTI-122 (i.p.)

(A, B, C, D) Test d’ANOVA à 2 facteurs à mesures répétées (A : p = 0,0102 ; B : p = 0,0147 ; C : p = 0,02 ; D : p = 0,04), test de comparaisons multiples de Tukey post-hoc. n = 6-8/groupe.
Significativité statistique * : p < 0,05 ; ** : p < 0,01 ; *** : p < 0,001. Moyenne ± S.E.M.

Comportements de type addictif ± RTI-122 

GtACR2 : FR1 FR3

NP : Nosepoke



- GPR88 et striatum

Réduit la consommation d’alcool et la préférence aux opiacés



GPR139 et Habénula



Habenula and depression in humanBackground

Sartorius et al, 2010 Biological Psychiatry

► Habenula is a new target to treat major depression



Habenula across speciesBackground

► Habenula is a highly conserved epithalamic structure

.

Human

Rhesus monkey

Mouse

Zebrafish

Adapted from Hu, Cui and Yang 2020 Nature Reviews Neuroscience



Habenula

Habenular Circuitry in Rodents

Boulos, Darcq and Kieffer 2017 Biological Psychiatry

Functions

- Reward/aversion Proulx et al, 2014 Nat Neuroscience

- Decision making Namboodiri et al, 2016 Current Biology

- Mood states/ Depression/ Addiction Lee et al, 2019 Frontiers in Psychiatry; Mathis and Kenny 2019 Neurosci Biobehav Rev; Ables et al. 2023 Pharmacological Research

MS

VTA

RMTg

LHb

MHb

IPN

Background



Decrease of lithium aversion

Science 2019

Habenula and aversion: GluN3A

► Habenular GluN3A is required for the expression of aversive states

Reduction of GluN3a expression in habenula

Hb
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M. Diana



MHb

LHb

Gardon et al., (2014) Neuroscience.

MOR is enriched in habenula

Habenula and aversion: MOR

HbMu Opioid

Receptor (MOR)

Background

L.J. Boulos

2020

Reduction of Naloxone aversion
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► MOR in Hb modulate the expression of aversive states
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Bailly et al, Biological Psychiatry 2023

- Analgesia

- Euphoria



What are the roles of Hb MOR-neurons?

MOR MOR-neurons

-50% of Hb neurons

-Responds directly to opioids

Hypothesis:

► Hb MOR-neurons mediate aversive states

Question

MOR-neurons

MOR

Gi

Hb



► Focus on the role of Hb MOR-neurons

Cre

KI mouse
MOR promotor-Cre Recombinase

Bailly et al, 2020 eNeuro

► Manipulation of neurons sensitive to opioids (MOR-

neurons)
(visualise, activate/inhibit)

New genetic tool

What are the roles of Hb MOR-neurons?

Hypothesis:

►Hb MOR-neurons mediate aversive states

Question

MOR MOR-neurons

-50% of Hb neurons

-Responds directly to opioids



Julie Bailly

PhD, McGill

Bailly et al, 2020 eNeuro

MOR-Cre Mice

MOR-neurons in adult brain

Charles Dupuy

Master, UNISTRA

Tool to characterize MOR-neuronsMethods



Weeks 0 4 5

Virus Injection 

& fiber implantation
Handling & 

habituation
RTPT
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Julie Bailly

MOR-
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Role of Hb-MOR neurons

► Hb-MOR neurons encode aversive states Bailly et al, Biological Psychiatry 2023

Causality



Conclusion 

Striatum

VTA

Hb

IPN
Pro-reward

Anti-aversion

Hedonic Balance

MOR 

Neurons

Hb

IPN

Avoidance

Despair

MOR

RN

Anxiety

Opioids may limit aversive states by inhibiting Hb MOR-neurons

– an “anti-aversion” role –

GiGi

Basal states: HB-MOR neurons and behavior

Opiates

► Do dysfunctions in Hb MOR-circuitry contribute to the development of a negative affect 

(drug withdrawal and abstinence / mood disorders)



Dersu Ozdemir

Perspectives Hb-MOR - Negative emotional state in withdrawal ?

► Naloxone aversive effect is stronger in dependent that in naive animals

Unpublished; n=10-13

Place aversion to naloxone (0,1 mg/kg)

in naïve and dependent animals

Negative emotions?

Naive Opioid- dependent

P
re

P
ost

P
re

P
ost

0

20

40

60

80

100 0.1mg/kg naloxone

%
 t

im
e

 i
n

 n
a

l-
p

a
ir

e
d

 c
o

m
p

a
rt

m
e

n
t

✱✱✱✱

MS MN

P
re

P
ost

P
re

P
ost

0

20

40

60

80

100
0.1mg/kg naloxone

%
 t

im
e

 i
n

 n
a

l-
p

a
ir

e
d

 c
o

m
p

a
rt

m
e

n
t

✱

SS SN



Dersu Ozdemir

Perspectives Hb-MOR - Negative emotional state in withdrawal ?

CP

SN
IA

ACB

PAR

Hb

Injection
AAV1-hSyn-DIO-GCAMP6m

Optic fibre

MOR-Cre mice

Unpublished, n=10-18

Calcium activity of Hb-MOR by fiberphotometry

Hb-MOR response to acute naloxone (0.1 mg/kg)

► naloxone activity in Hb-MOR neurons is enhanced in dependent animals

Naive Opioid- dependent
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Dersu Ozdemir

Perspectives Hb-MOR - Negative emotional state in withdrawal ?

Hypothesis

► reducing Hb-MOR neuron activity during naloxone conditioning limits the development of avoidance

► Inhibition of Hb-MOR neurons decreases naloxone-conditioned place aversion in morphine-dependent mice

► Dysfunctions in MOR-circuitry contribute to the development of a negative affect (drug withdrawal)

CP

SN

OT

IA
ACB

PAR

Hb

Injection
AAV2-hSyn-DIO-hM4D(Gi)-mCherry or CTL

MOR-Cre mice

Negative emotions?

Chemogenetic inhibition of Hb-MOR during conditioned 

place aversion to naloxone
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Background GPR139

• GPR139 enriched in Hb
Liu et al., 2015

MOR and GPR139 co-expressed in 
Hb

GPR139 KO

GPR139 KO reduced 
naloxone-

precipitated somatic 
withdrawal signs

GPR139 KO increased 
response to MOR agonist 

in Hb

• GPR139- anti-opioid system

Wang et al., 
2019

Wang et al., 
2019



GPR139 antagonism – treatment for opioid withdrawal?

Opioid-dependent

Affective and somatic signs during 
opioid withdrawal

Hb-MOR 
neurons

Dr. C Jin

GPR139 
antagonist
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JD-1

30 nM JNJ-63533054

Vehicle

IC50 curve of JD-1
Calcium mobilization 

assay

• Two-fold more potent than the known antagonist JNJ-3792165
Nepomuceno et al., 

2018

• No agonist activity at 10µM

• High selectivity: <50% inhibition at 10 µM in radioligand binding 
assays of the NIMH Psychoactive Drug Screening Program (40 CNS 
targets)

Results



JD-1 interaction with Hb-MOR neurons

Opioid-dependent

GPR139 antagonism reduced naloxone 
response in Hb-MOR neurons in an opioid-

dependent state
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JD-1 reduces naloxone response

GPR139 antagonism reduced naloxone-induced somatic 
withdrawal signs
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GPR139 antagonism reduced naloxone aversion 
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Conclusion

Reduced Hb-MOR response to naloxone after chronic 
morphine

Alleviated somatic and aversive effects of naloxone-precipitated morphine 
withdrawal

GPR139 antagonism:



2 récepteurs RCPG orphelin

- GPR88 et striatum

Réduit la consommation d’alcool et la préférence aux opiacés

- GPR139 et habénula

Réduit les symptômes négatifs du sevrage aux opiacés
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