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Depression is a fundamentally episodic psychiatric syndrome

Post et al., J Clin Psych, 2003

What are the mechanisms regulating mood state transitions?



Prefrontal synaptic plasticity: a therapeutic target?

Li et al., Science 2010

Autry et al., Nature 2011

Zanos et al., Nature 2016

Casarotto et al., Cell, 2021

Radley, 2012

Chronic stress decreases 

postsynaptic spine density in 

prefrontal cortex

Antidepressant-dose ketamine

increases prefrontal synapse formation



2-Photon Imaging of Prefrontal Cortical Microcircuits

Pattwell et al., Nature Comm., 2016



Chronic stress causes selective, branch-specific synapse loss

Adapted from Liston et al., PNAS, 2011

2P Imaging Pre- and Post-Stress

Moda, Murdock, Parekh et al., Science, 2019



Rapid, targeted rescue of stress-related synapse pathology

2P Imaging Pre- and Post-Stress



Stress-related synapse loss disrupts PFC circuit function



Stress-related synapse loss disrupts PFC circuit function

Rescue by ketamine



Chronic Stress and Ketamine Effects on mPFC Circuit 
Function and Behavior

1. Motivated escape behavior and response to threats 
• Moda-Sava et al., Science, 2019

2. Extinction of conditioned fear learning
• Chu et al., Nature, 2019

3. Cognitive flexibility and adaptive reward seeking
• Spellman et al., Cell, 2021

4. Social hierarchy perception and social interaction
• Fetcho, Hall, Estrin et al., Nature Communications, 2023

5. Motivated reward-seeking behavior and effort-based decision making
• Fetcho et al., Neuron, 2023



Automated High-Throughput Assessment of 
Effortful Reward-Seeking Behavior

Rob FetchoFetcho et al., Neuron, 2023

Accumbens-Projecting

Anterior Cingulate Cells

Devinsky et al., 1995

Jahanshahi & Frith, 1998

Walton et al., 2003

Kennerley et al., 2006

Rudebeck et al., 2006

Rushworth & Behrens et al., 2008

Pizzagalli et al., 2001

Zilverstand et al., 2018



Accumbens-Projecting PFC Cells Support Effortful 
Reward Seeking Behavior

Fetcho et al., Neuron, 2023

Chronic CORT disrupts effortful reward-

seeking and suppresses ACC-NAc activity



Synaptogenesis is required for sustaining ketamine’s 
antidepressant effects but not for initiating them

Moda-Sava et al., Science, 2019

Deleting new synapses 

interferes with the 

maintenance of ketamine’s 

antidepressant effects



Longitudinal studies of mood state transitions within 
individual, densely sampled patients

Immanuel

Elbau

Chuck

LynchLynch et al., Nature, 2024



Individualized Network Mapping in Depression

The brain is organized

into functional networks

“Average

Face”

“Average brain”

Braga & Buckner, Neuron, 2017

Gordon et al., Neuron, 2017

Gratton et al., Neuron, 2018



Abnormal salience network topology in highly 
recurrent depression

Representative Individuals Group Averages

Healthy Depressed Healthy Depressed

Lynch et al., Nature, 2024

Effect Sizes: d = 1.16 – 1.97

Already replicated in other labs:

Vaghi et al., Biorxiv, 2025

Nahas et al., PsyArXiv, 2025



Abnormal salience network topology is stable over time

• Salience network topological features are highly stable over time within individuals

• Unexpectedly, salience network does not vary with mood state



Salience Network Expansion: 
A Stable Marker of Risk for Depression?

Salience network expansion is 

unrelated to current symptoms or 

number of past episodes

Salience network expansion 

emerges early in life



Three Subtypes of Network Expansion

Lynch et al, Nature, 2024



Leveraging Subtype Discovery to Enhance Treatment

Subtypes of TMS Response

Drysdale et al., Nature Medicine, 2017

Dunlop et al., Biol Psych, 2014

NCT#0401479, N=348 TRD pts

w/ Nolan Williams

Subtypes of SSRI Response

Dunlop et al., Nature Medicine, in revision



Fluctuations in Salience Network AIC-NAc Connectivity Predicts 
Anxiety within Individuals

Lynch et al, Nature, 2024



Salience Network ACC-NAc Connectivity Predicts 
Future Emergence of Anhedonia within Individuals

Lynch et al, Nature, 2024

Fetcho et al, Neuron, 2023



Thank you!
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New Technology for Engaging Salience Network Dysfunction

Lynch et al., Neuron, 2022

Lynch et al., Nature, 2024 



Lynch et al., Neuron, 2022

Lynch et al., Nature, 2024 

New Technology for Engaging Salience Network Dysfunction
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