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Outline

• Overview of current research and interests

• Topics of fields to explore further

     

• Ideas for potential Korea-EU collaboration under Horizon Europe



What’s Wrong with Your Brain?

Healthy Brain                                                                  Disease Brain

Stress

Cellular quality control systems maintain brain health

Imbalance



Quality Control in the Post-mitotic Neuron

• Post-mitotic nature

• Highly polarized structure

• Dynamic signaling in synapse

• Enriched mitochondria in axon

• Transport of many receptors

15 Nov. 2019. Special issue, Science



UPS vs Autophagy

Pohl & Dikic, 2019, Science

Quality control system in the post-mitotic neurons



Autophagy Safeguards Neuronal Homeostasis

• Basal autophagy regulates cellular homeostasis in neurons

• Autophagy regulates synaptic development

• Basal and induced autophagy modulates presynaptic structure and 

synaptic transmission

• mTOR-dependent autophagy regulates synaptic pruning and autistic-like 

behaviors
Hara et al., 2016, Nature, Komatsu et al., 2006,Nature, Hernandez et al., 2012, Neuron, Tang et al., 2014, Neuron, Hui et 

al., 2019,Science Adv 



Selective Autophagy   

• A highly selective process involving recognition of specific cargoes by autophagy 

receptors, which together with adaptor proteins link the cargo to the core autophagy 

machinery to allow its sequestration by autophagic membranes via LC3/GABARAP-

binding

Daniel J.Klionsky 

(2007, Nature Review, 2015 TRENDS in Cell Biology)

Starvation

stress

A hallmark of autophagy

Selective autophagy

LC3/GABARAP



When Autophagy Falters-Link to Disease

Silva et al., 2024, Journal of neurochemistry



Jina’s Lab Research Overview

• How do stress and impaired neuronal homeostasis drive neurological disorders?

• How do neurons handle damaged organelles in brain under stress? 

“Stress-selective autophagy- neurological disorder” axis



Main Research

Environmental factorsGenetic factors 

Genetic/

Familiar History
Various Stress

Neurological Disorder

Autism/Schizophrenia
Rare neurodevelopmental 

disorders
FTD/ALS

Autophagy

To identify molecular checkpoints at the intersection of stress and autophagy, 

and to restore neuronal homeostasis in stressed and diseased brains



Main Research Tools

Disease Modeling 

by iPSC technology

Innovative Autophagy Tools 

& Autophagy Analysis

Molecular, Cellular & 

Biochemical Analysis
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Development of Innovative Tools for 

Autophagy Research

Current Research 1



LC3/GABARAPs as Autophagy Markers

• LC3 and GABARAP proteins are specifically recruited to autophagosomal membranes during 

autophagy. 

• During selective autophagy, LC3 or GABARAP proteins interact with selective autophagy 

receptors through short hydrophobic motifs called LIR or GIM, with varying affinities.

• Screening of LC3/GABARAP-interacting motifs 

(LIR/GIMs) that specifically bind to LC3 and 

GABARAP proteins



Development of Probe and Deconjugase for 

Selective Autophagy
Motif identification and its application to probe and deconjugase development

(Lee et al. 2017(EMBO J), Park et al.,2019(Sci. Rep), Park et al., 2023, 2024 (Autophagy))



Monitoring and Inhibition for 

Selective Autophagy (In vitro/In vivo)
•  Autophagy Monitoring in vitro

•  Autophagy Inhibition

•  Autophagy Monitoring in vivo

CRE-inducible autophagy monitoring mice

(Lee et al. 2017(EMBO J), Park et al.,2019(Sci. Rep), Park et al., 2023, 2024 (Autophagy))



Molecular Link between cellular stress, 

autophagy, and neurological disorders

Current Research 2



• Stress granules (SGs) are dynamic, cytoplasmic aggregates of proteins and RNA that form 

under stress to suppress translation initiation and help cells adapt.

• SGs serve as regulatory hubs for mRNA and protein homeostasis and are normally 

disassembled after stress resolution.

• Autophagy plays a critical role in clearing persistent or aberrant SGs; dysfunction in this 

process can contribute to neurological disorders.

Autophagy at the Crossroads of 

Stress and Disease



Potential candidates for selective autophagy receptors 

and adaptors: LIR/GIM-containing proteins



Identification of NS-BP1 

as a Selective Autophagy Adaptor for SGs

(Jeon et al., 2023 (Front Cell Dev Biol)), Jeon et al.,2024 (Nat. Commun.))

• Interaction of NS-BP1 between GABARAP and p62

• NS-BP1–mediated targeting of p62⁺ stress 

granules to GABARAP⁺ autophagosomes

• Negative Regulation of p62 Ubiquitination 

and Stability by NS1-BP

• Impaired Autophagic Degradation of Stress Granules(SGs) 

in NS1-BP KO Cells

• Reduced Protein Level of NS-BP1 & 

     Autophgic Degradation of SGs



Cellular Pathogenic Mechanism of 

Neurodevelopmental Disorders

Current Research 3



DSCAM Mutations in Autism Spectrum Disorders
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(Lim et al., 2021 (Mol. Psychiatry))

• Generation of iPSCs and Neuronal Differentiation from a Patient with a Heterozygous Missense Mutation in DSCAM

• Decreased Expression of NR1 in ASD iN cells • Decrease of NMDA-R Current in ASD iN Cells

• Interaction of DSCAM with NR1 in Dendritic Spines 

• Reduced ERK Activation in ASD iN Cells

• Aberrant Synaptic Gene Expression in ASD iN Cells



Topics to Explore Further

in Neurodevelopmental Disorders

Ongoing Research



Mechanistic Insights into the Pathogenesis 

of Schizophrenia

• Schizophrenia (SCZ) is a chronic, disabling neuropsychiatric disorder affecting ~1% of 

the population, characterized by hallucinations, delusions, disorganized thought, and 

cognitive dysfunction.

• Despite advances in genetics and neuroimaging, the pathogenesis of SCZ remains 

elusive due to its clinical heterogeneity and the lack of human-relevant, cell-type–specific 

disease models.



Open Questions

• How do neuron–astrocyte interactions shape disease-specific 

transcriptional landscapes? 

• Can we stratify schizophrenia patients into molecular 

subtypes using cell-type–specific multi-omics?

• How does clozapine treatment influence neuron or astrocyte 

phenotype and transcriptome in treatment-resistant 

schizophrenia?

• What are the molecular mechanisms driving delayed neuronal 

maturation in schizophrenia iPSC-derived neurons? 

• Are there clinically translatable biomarkers detectable from in 

vitro cellular models? 



Interdisciplinary Research 

Using SCZ iPSC-derived Cells 



Potential EU Collaboration Areas

• Integrative Cell-type Specific Multi-Omics 

• Functional Studies in Neural Circuits or Behavioral 

Models

• Advanced Brain Organoid or Assembloid Systems for 

3D Modeling of Cortical Development.

• Neurodevelopment and Psychiatric Mechanisms
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