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My Neurotree
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Started with a simple nervous system
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Move to mice
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All began with Dr. Ehninger

Noonan syndrome (NS)

e NS is an autosomal dominant disorder
characterized by short stature, facial
dysmorphism, and a wide spectrum of
congenital heart defects.

e Mutationsin Ptpn11 and other RAS
signaling genes

e Cognitive impairments such as learning
disabilities are also common.

e Also, associated with ASD

Arakiet al, 2004



Challenge 1: Impact of genetic background




Severe learning & memory deficits in NS mutant

C & Pipn11P616/+

-« WT

* k%




NO learning & memory deficits in NS mutant
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Got the phenotypes back in 129SvEv background
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Lee et at.,, Nature Neuroscience, 2014



Challenge 2: Impact of cell types
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Common synaptic mechanism for all RASopathy?

A group of disorders caused by mutations in the key elements of RAS/MAPK signaling,
associated with cognitive deficits
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Neurotransmitter Transcriptional
release regulation

Shilyansky, Lee, Silva, 2010



Selective increase in inhibitory synaptic transmission in NF1

Excitation = inhibition
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NO increase in inhibitory synaptic transmission in NS

GFP PTPN11°¢61G

Leeetal. 2014



Selective increase in excitatory synaptic transmission in NS
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Cell type-specific RAS signaling networks in nervous system
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Cardio-Facio-Cutaneous (CFC) syndrome

Rare RASopathy affecting many parts of the body, particularly the heart (cardio-), facial
features (facio-), and the skin and hair (cutaneous)
Varying degrees (mostly severe) of cognitive deficits and intellectual disabilities

Associated with mutations in BRAF (~70%), KRAS, MEK1 /2
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CFCS animal model: Gain-of-function Braf mutant mice
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aCaMKII;Braf%499E/fl mice show normal hippocampal L&M
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Kang et al., 2025, JCI



VGAT;Braff499E/fl mice show normal hippocampal L&M
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Nestin;Braf¥499E/fl mice show severe learning and memory deficits
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Increased GFAP(+) astrocytes in Nestin;Braf%49%E/fl mice
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Korean patient-derived brain organoid showed similar phenotypes
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Quick summary of CFCS-astrocyte project
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Challenge 3: Brain cells/regions do not work alone

Park and Lee, in press



Circuit mechanisms underlying social memory consolidation

Image from https://www.etsy.com/au/listing/727158555/hi-i-cant-remember-your-name-either



Social rearing

Social isolation
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Circuit for social recognition memory in mice, affected by social isolation

Park et al., 2021, Cell Rep



We have to understand many neurons, part of a circuit

AAV, -mCherry-cre

N
ﬂ i—-/ -
IL ‘t.

\‘_ l'I DAPI
\_A\_ »NAcSh X ) Cre
— GCaMPe6f

Ai148

Miniscope F.O.V (Live)

Cell 2- workingenvironmenl

Calcium Dynamics - Cell 2

AF/F (normalized)

Controls
| o
o> Dq,r—L[nan 0 5 10 15 20 25 30
e Time (s}
Speed:

Park et al, 2024, BioRxiv



vCA1 - IL?NASh circuit encodes social familiarity
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Research Topic 1

in my lab & future collaboration

[dentification of genetic modifiers
affecting behavioral phenotypes in

neurodevelopmental disorders
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Research Topic 2

in my lab & future collaboration

Cell type-specific mechanisms of memory deficits

in neurodevelopmental disorders

Lee et al.,, Nature Neuroscience 2014

Ryu and Lee, Neurobiol Learn Memory 2016
Ryu, Kim et al., Science Signaling 2019

Ryu, Kang et al., Molecular Brain 2019

Ryu, Kang et al., Scientific Reports 2020

Lee et al., PNAS 2024

Kangetal,, JCI1 2025




Research Topic 3

in my lab & future collaboration

Circuit mechanism underlying social memory

and its deficits in ASD mouse model

Park et al., Cell Report 2021
Park et al., Mol Brain 2022

Jane et all, Mol Psychiatry 2022
Park et al., EMM 2023

Park et al., BioRxiv 2025



Research Topic 4

in my lab & future collaboration

Sex differences in neurodevelopmental disorders

Kim et al,, in prep
Kim, Park et al,, in prep

Image @ Spencer Phillips, EMBL-EBI



Research Topic 5

in my lab & future collaboration

Non-motor functions of the Cerebellum

Han et al., eLife 2021
Hwang etal., Frontiers 2022
Hwang et al., Cell Rep 2023
Lee et al, Mol Psy 2023

Ji etal,, under revision




Key techniques and resources I can share with you!
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