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Complexity of vitamin A signaling

Liver plants
(principle storage organ) *

Paracrine signalling
* Beta-carotene |
Retinol -mediated metabolism



RARJ - high conservation between human and mouse (sequence)

Retinoic acid receptor beta (RARp)

= = a
1234578 9101112%%%%@%@%%225 6 8 6 BEH
RARB 455 amino acids RARB 482 amino acids
P22605 FARE_MOUSE - Retinoic acid receptor beta Mus muscu lus (Mouse])
E-value: 0.0
Score: 2333

Ident.: 92.3%% 0 ° ° °
92.3% Similarity
Cuary Length: 455
Match Length: 452




RARQ - high conservation between human and mouse (expression)

Rarp-—— . §

E16.5 dpc
The Human Protein Atlas, Krezel et al., Neurosc.1998 (mRNA)
Allen Brain Atlas and unpublished Niewiadomska-Cimicka et al., 2017 (protein)

* RARB is highly expressed in the developing and adult striatum in mouse and human

** Mouse is suitable animal species to study RARb functions and model RARb-related diseases
» Developmental vs physiological functions ?
» Cellular and molecular mechanisms ?




Retinoids, RARs/RXRs, and striatal functions

Development Adult physiology Pathology

o striatonigral MSN (DRD1+) \
M @rdD
— A

o striatopallidal MSN (DRD2")

» Striatal functions : motor control, cognitive functions, habits, affect...

» Striatum controls brain activities through balanced signaling of striatonigral and
striatopallidal project Medium Spiny Neurons (MSNSs)

» Dopamine controls both types of MSNs through Drd1 and Drd2 receptor



Retinoids, RARs/RXRs, and striatal functions

Development Adult physiology Pathology

o striatonigral MSN (DRD1+)
\ RARS -/-
RARBR387C %
ﬁ

MCOPS12?

® striatopallidal MSN (DRD2+)/

» Do RARP mutations lead to unbalanced dopamine signaling and striatal functions ?



Loss of Function (LOF)
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Caron et al., 2023

Model of LOF

Ghyselinck et al., 1997




Dominant negative (DN)
Loss of Function (LOF) Gain of Function (GOF)  p.Leu402Pro

p.Aig119* p.Arg387Cyf ‘/
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N-Terminal Domain DNA Binding Domain Ligand Binding Domain

Caron et al., 2023
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= Allelic series of RARB mutant mice models to study MCOPS12

Loss of Function (LOF) Gain of Function (GOF)

p.Aig119* p.Arg387Cyf ‘/
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N-Terminal Domain
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DNA Binding Domain Ligand Binding Domain
Caron et al., 2023

Mice models with construct validity
(carriers of disease causing mutation)

GOForDN? Face validity
> < Rar6L402P/+ >
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MCOPS12
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Allelic series of RARP mutant mice reproduce key MCOPS12 symptoms
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Allelic series of RARB mutant mice reproduce key MCOPS12 symptoms - behavior
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Progresswe behavioral deficits point to a window of opportunity for MCOPS512 treatment

An exemple of progressive behavioral abnormalities in RAR 3 ?3%4¢/* mice - hyperactivity
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Zinter et al. in preparation



Progressive behavioral deficits point to a window of opportunity for MCOPS12 treatment

An exemple of progressive behavioral abnormalities in RAR 3 ?3%4¢/* mice - hyperactivity
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Progressive phenotypes in mice models (age of onset): Developmental phenotypes in mice models (age of onset):
* Sponatneous hyperactvity (8-10 weeks) * Microphtalmia (pre-natal)

 Memory deficits (8-10 weeks) » Coordination deficits (post-natal day PO - P217?)

* Growth defcits (3-4 weeks)

Zinter et al. in preparation



Progressive behavioral deficits point to a window of opportunity for MCOPS12 treatment

An exemple of progressive behavioral abnormalities in RAR 3 ?3%4¢/* mice - hyperactivity
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leopmental phenotypes in mice models (age of onset):

Zinter et al. in preparation



Genes differentially expressed across the various genotypes (striatum)

Upregulated genes

Downregulated genes

Number RarbR387¢/+ Rarb402r/+ Rarb”- Rarb*-
of Deregulated Genes

RarbR387¢/+ 979 NA 461 (47%) 122 (12%) 7 (0.7%)
Rarb!402¢/+ 1186 461 (39%) NA 198 (17%) 12 (1.0%)
Rarb”’- 411 122 (30%) 198 (48%) NA 39 (10%)
Rarb* 58 7 (12%) 12 (21%) 39 (67%) NA
RarbR387¢/+ 1386 NA 777 (56%) 213 (15%) 15 (1.1%)
Rarbl402p/+ 1334 777 (58%) NA 253 (19%) 21 (1.6%)
Rarb”- 390 213 (55%) 253 (65%) NA 31 (8%)
Rarb*/- 41 15 (37%) 21 (51%) 31 (76%) NA




Gene Ontology (GO) analysis of downregulated direct targets of Rarb
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Gene Ontology (GO) analysis of downregulated direct targets of Rarb
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Expression of Drd2+ in spMSNs vs presence of Drd2+ spMSN?
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- Reduced number of Drd2+ spMSN in the striatum of mouse models of MCOPS12
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PRAMIPEXOL
Drd2 agonist
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Mechanisms ~— Treatment
(unbalanced Drd1 vs Drd2 signaling) (Drd1 anatagonist?)

« An overlap of behavioral and molecular phenotypes in RARD allelic series mice suggest that RARbR387C and
RARDbL402P variants act through dominant negative mechanism and lead to compromised RARD signaling

* An early postnatal life is an opportunity window for preventive treatments
* Unbalanced dopaminergic signaling is potential target for symptomatic treatments
» Targeting mutant form of RARD is a viable strategy for gene therapy approach

» Generation of patient-derived iPSCs for translational research



1)

2)

Summary and perspectives

One copy of RARb is sufficient to assure all essential functions of RARb -> gene therapy aiming at

inactivation of mutant variant of RARb might be a valid strategy to prevent progression of the disease
Drug repurposing strategy to target pathophysiology of rare RARb variants

Beneficial effect

Dysfunction Mouse Model Treatment —— —
Coordination | Hyperactivity Memory

RARbR 387C/+

Unbalanced Drd1/Drd2 signaling |RARb “/9%7/* Drd2 agonist No Effect | No Effect ?
RARb ™ °
RARbR 387C/+

Unbalanced Drd1/Drd2 signaling |RARb 1927+ Drd1 antagonist N.D. @ ?

o

RARb ™
RARBR 387C/+

Abnormal neuronal morphology/c{RARD L402P/+, Piracetam No Effect | No Effect @
RARb ™

Mitochondria RARb™ Sigma 1 agonist No Effect | No Effect (:_:)

Funded by

MCOPS12



Summary and perspectives

1) Learn more about molecular effects of RARb mutations to guide MCOPS12 treatment strategies

Hypothesis | :

MCOPS12-causing RARP variants alter
RARp interactions with partner proteins
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Objective | :

Identify RARP interacting proteins as
potential treatment targets
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Hypothesis Il :

MCOPS12-causing RARP variants alter
striatal cellular communication

Objective Il :

Proteomic analyses of synaptic
compartments
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