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Explore novel early life 
interventions for anxiety and 
depression.

Learning 
Objective1



Prevalence of Major Depression in 
Adults and Adolescents

National Institutes of Mental Health. Data courtesy of SAMHSA. Available at https://www.nimh.nih.gov/health/statistics/major-depression.shtml. Accessed February 24, 2020.

Past Year Prevalence of Major 
Depressive Episodes Among 

U.S. Adults (2017)

Past Year Prevalence of Major 
Depressive Episodes Among 

U.S. Adolescents (2017

https://www.nimh.nih.gov/health/statistics/major-depression.shtml


Prevalence of Anxiety Disorders in 
Adults and Adolescents

1. National Institutes of Mental Health. Data courtesy of SAMHSA. Available at https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder.shtml . 
Accessed February 24, 2020.; 2. Harvard Medical School, 2007. National Comorbidity Survey (NCS). (2017, August 21). Retrieved
from https://www.hcp.med.harvard.edu/ncs/index.php. Data Table 2: 12-month prevalence DSM-IV/WMH-CIDI disorders by sex and cohort. 3. Kessler RC, et 
al. Arch Gen Psychiatry. 2005;62(6):617-627.

Past Year Prevalence of Any 
Anxiety Disorder Among U.S. 

Adults (2001-2003)1,2

Lifetime Prevalence of Any 
Anxiety Disorder Among 

Adolescents (2001-2004)1,3

https://www.nimh.nih.gov/health/statistics/any-anxiety-disorder.shtml
https://www.hcp.med.harvard.edu/ncs/index.php
https://www.hcp.med.harvard.edu/ncs/ftpdir/table_ncsr_12monthprevgenderxage.pdf


● 50% reported 1 disorder
● Most common – depression, alcohol dependence, social phobia, simple phobia
● More than half of all disorders occurred in 14% of the population  with a history of 

3 or more comorbid disorders
“The prevalence of psychiatric disorders is greater than previously thought to be the 

case.  Furthermore, this morbidity is more highly concentrated than previously 
recognized in roughly one sixth of the population who have a history of three or 

more comorbid disorders. This suggests that the causes and consequences of high 
comorbidity should be the focus of research attention. “

Kessler RC, et al. Arch Gen Psychiatry. 1994;51:8-19.



Hasin DS, et al. Arch Gen Psychiatry. 2005;62;1097-1106. 



DEPRESSION

48% of patients with PTSD1

67% of patients with 
Obsessive–Compulsive Disorder4

42% of patients with 
Generalized Anxiety Disorder3

Up to 70% of patients with 
Social Anxiety Disorder5

Social Anxiety 
Disorder

Post-Traumatic 
Stress Disorder

GAD
OCD

Panic Disorder

Up to 65% of patients with Panic 
Disorder2

Lifetime Comorbidity of Mood with Anxiety 
Disorders

Kessler et al. Arch Gen Psychiatry 1995; DSM-IV-TR™ 2000; Brawman-Mintzer et al. Am J Psychiatry 1993;
Rasmussen et al. J Clin Psychiatry 1992 ; Dunner, Depression and Anxiety 2001



SWITCH TO: mirtazapine or nortriptyline
OR AUGMENT WITH: lithium or triiodothyronine (only with bupropion 
[sustained-release], sertraline, venlafaxine [ER])

SWITCH TO: bupropion-SR or cognitive therapy or sertraline or venlafaxine-ER
OR AUGMENT WITH: bupropion-SR or buspirone or cognitive therapy

(Only for those receiving cognitive therapy in Level 2)
SWITCH TO: bupropion-SR or venlafaxine-ER

SWITCH TO: tranylcypromine or mirtazapine combined with venlafaxine-ER

SWITCH TO: mirtazapine or nortriptyline
OR AUGMENT WITH: lithium or triiodothyronine (only with bupropion-SR,
sertraline, venlafaxine-ER)

INITIAL TREATMENT: citalopramLevel
1

Level
2

Level
2a

Level
3

Level
4

We need novel and better treatmentsSTAR*D Treatment Algorithm 
Snapshot

STAR*D = Sequenced Treatment Alternatives to Relieve Depression.
Trivedi M, et al. Am J Psychiatry. 2006;163:28-40.



Rush AJ, et al. Am J Psychiatry. 2006;163:1905-1917. 



Fava M, et al. Am J Psychiatry. 2008;165:342-351.



Stress-related Psychopathology: a Problem 
of Emotion Regulation

Kufper DJ, et al. Lancet. 2012;379)9820):1045-1055.



Kovner R, et al. Am J Psychiatry. 2019;176:987-999.



Prefrontal Cortex-Limbic Projections 
Relevant to Psychopathology

Kovner R, et al. Am J Psychiatriy. 2019;176(12):987-999





Using Conscious Regulation to Alter 
Responses to Unpleasant Stimuli
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“It’s harmless. It’ll 
all be OK.”

“Fangs plunging 
in! Legs inching 

up my arm!  
Aaargh!! 

“Eww, creepy!!”



Conscious Emotion Regulation: 
Modulating Amygdala Activity
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Urry H, et al J Neurosci. 2006;26(16):4415-4425.



LR

vmPFC and OFC Activity During Conscious 
Regulation (suppress – attend) Negatively Correlates 
with Amygdala Activity

Urry H, et al J Neurosci. 2006;26(16):4415-4425.



Pizzagalli DA. Annu Rev Clin Psychol. 2014;10:393-423.; Russo SJ, Nestler EJ. Nat Rev Neurosci. 2013;14(9):609-625.

Dopamine 
Pathways and 
Anhedonia



Heller AS, et al. Proc Natl Acad Sci U S A.. 2009;106(52):22445-11450.



Vulnerability to Develop Depression
●Genetic
●Early life stress/trauma
●Current stress
●Childhood temperament, 

personality traits (neuroticism)

Dorothea Lange, Migrant Mother, 1936



Kendler KS, Gardner CO, Am J Psychiatry. 2014;171(4):426-435.

Interactions 
Among Genes, 
Early Stress, 
Temperament, 
and Current 
Stress



Howard DM, et al. Nat Neurosci. 2019;22(3):343-352.



Howard DM, et al. Nat Neurosci. 2019;22(3):343-352.

Independent Variants in the Prefrontal Regions



Halldorsdottir T, et al. Am J Psychiatry. 2019;176:615-625.



Lippard ETC, Nemeroff CB. Am J Psychiatry. 2020;177(1):20-36.



Hettema JM, et al. Am J Psychiatry. 2006;163:857-864.



Why Study Early-Life Risk?

Paus T, et al. Nat Rev Neurosci. 2008;9(12):947-957.

2
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Impulse-control 
disorders

Schizophrenia

Mood disorders

Anxiety disorders

Substance use 
disorders

Age of onset (years)





Inhibited or Anxious Temperament (AT): Risk Phenotype 
That Precedes Anxiety and Depressive Disorders

● Extreme behavioral inhibition to novel 
situations or strangers

● Predicts development of anxiety 
disorders, depression, and co-morbid 
drug abuse

● 3-4 fold risk to develop social anxiety 
disorder

● Can be identified early in life
● Inhibited monkeys and humans share 

behavioral and physiological features
Clauss JA, Blackford JU. J Am Acad Child Adolesc Psychiatry. 2012;51(10):1066-1075.



Proposed Anxiety Trajectories for 
Children with High Anxious Temperament

Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.



Nonhuman Primates Provide a Unique Opportunity 
for Studying Human Psychopathology



Validation of the Nonhuman Primate Model: Altered 
Prefrontal-Amygdala Function in Pre-adolescent Children 
with Anxiety Disorders and Young Rhesus Monkeys 

Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.



Elevated Dorsal Amygdala/Ce Activation During 
Uncertain Anticipation in Preadolescent Children with 
Anxiety Disorders

Builds on sample from Williams LM, et al. Neuropsychopharmacology. 2015;40(10):2398-2408.

p < .05, corrected

n = 33 anxiety disorder, 28 controlP < .005, uncorrected



Correlation with AT, bonferroni corrected

t=5.24 t>8

t=-5.24 t<-8

Positive

Negative

Right

OFC

BST

Amygdala

Anterior 
Hippocampus

PAG

AT-Related Regions in Young Monkeys 

n = 592 young rhesus monkeys
Fox AS, et al. Proc Natl Acad Sci U S A. 2015;112(29):9118-9122.
Oler JA, et al. Nature. 2010;466(7308):865-868.



Evolutionarily-Conserved Decrease in dlPFC-Ce 
Functional Connectivity in Young Anxious Monkeys 
and Children

Birn RM, et al. Mol Psychiatry. 2014;19(8):853.

n = 89 n = 14 anxiety disorder, 14 control



Schmahmann JD, Pandya DN. J Hist Neurosci 2007;16(4):362-377.

Altered Prefrontal Cortical and Amygdala Interactions 
Via Uncinate Fasciculus May Underlie Anxiety

Prefrontal Cortex
OFC (11)

ventral PFC (25)
insular cortex (13/14)

ACC (32/24)

Temporal lobe
amygdala

hippocampus
anterior temporal lobe

entorhinal/perirhinal/parahippocampal gyrus 



Decreased White Matter Integrity (FA) in the UF 
Associated with Higher Anxiety Across Age and 
Species

Tromp DP, et al. Arch Gen Psychiatry. 2012;69(9):925-934.
Tromp DP, et al. Am J Psychiatry. 2019 Jan:appiajp201818040425. doi: 10.1176/appi.ajp.2018.18040425. [Epub ahead of print]



Extended Amygdala is a Core Component of 
AT with Downstream and Upstream Partners

PAG

Extended 
Amygdala

OFC

Downstream Target of the 
Extended Amygdala

Modulates Extended 
Amygdala



Example CeA Lesion

Ce Lesion
Group

Control
Group
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Mechanistic Role of Ce: Neurotoxic 
Lesions Alter Components of AT

* = Control vs. Lesion p<.05
Kalin NH, et al. J Neurosci. 2004;24(24):5506-5515.



Designer Receptors Exclusively Activated by 
Designer Drugs (DREADDs) Technology



Real time MRI  for Site Specific 
Delivery of Viral Vector (AAV2)

43



Subject 43iMRI [11C]clozapine PET

In Vivo PET Assessment of DREADDs: 
Clozapine Binding

AAV2/5-hSyn-hM4Di – 6.95 x 1013 gc/ml
Right hemisphere injections: Amygdala (24 µL) and Putamen (24 µL)



group T-test on difference score

t8 = 2.966, p = 0.018*

N = 10, 5 Control and 5 Experimental

DREADDsCONTROL
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Effect of hM4Di DREADDs activation 
on Freezing during NEC condition



Performing Post-Mortem Transcriptome 
Studies to Identify Novel Molecular Targets

Why Study RNA?
● Reflection of the regulated 

step between DNA and 
protein

● Deficits in RNA expression 
and regulation is linked to 
numerous diseases

Assessing gene function measuring mRNA



Identifying Alterations in Gene Expression 
Relevant to AT: At-Related Ce Gene Expression

Fox AS, et al. Proc Natl Acad Sci U. S. A. 2012;109(44):18108-18113.



RNA-seq in Ce in 46 Young Monkeys

1. Fox AS, et al. Proc Natl Acad Sci U. S. A. 2012;109(44):18108-18113.; 2. FoxAS, Souaiaia T, et al. In prep.

James Knowles

Tade
Souaiaia

RNA-Seq was performed using NuGEN Ovation RNA-
Seq v2 libaries on Illumina DNA sequencers with ~30 

million 100bp reads per animal. 



Expression of Neuroplasticity-Related Genes in 
Ce is Negatively Associated with AT

● 217 negatively associated with AT (p<.05)
– Actin filament-based process (GO:0030029)
– mRNA processing (GO:0006397)
– Neurotrophin TRK receptor signaling pathway (GO:0048011)
– Axon guidance (GO:0007411)

1. Fox AS, Souaiaia T, et al. Presented at Society of Biological Psychiatry, 70th Annual Meeting. May 14-16, 2015.; 2. Fox AS, et al. Proc Natl Acad Sci U. S. 
A. 2012;109(44):18108-18113.; 3. Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.



Testing the Neuroplasticity Hypothesis: 
AAV5 Virus to Overexpress NT-3

Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.

PI3’K

AKT

Neuron growth
Cell Survival
Synaptic Plasticity

Raf

MEK

ERKRPS6KA3

Shc Complex

Ras

NTRK3

Growth Factor
NT-3

Rhesus NT3 
cDNA insert

NT3 AAV Viral Vector
Expression Construct



Kalin NH, et al. Biol Psychiatry. 2016;80(5):345-355.

NT-3 Overexpression

Infusion Overlap (n = 4/5)

Rhesus NT3 
cDNA insert

NT3 AAV Viral Vector
Expression Construct

Control AAV5-NT3



Ce AVV5 NT3 Decreases AT

AT is significant p<.05 one-tailed significant, t=-2.515, p=0.066; t=-3.013, p=0.039, two-tailed paired t-test
Fox AS, et al. Biol Psychiatry. 2019;86(12):881-889.



Translational Studies to Yield Circuit Based Molecular 
Approaches to Develop New Treatments

Fox AS, Kalin NH. Am J Psychiatry. 2014;171(11):1162-1173.



SMART Goals

●In treating stress-related psychopathology, it is 
critical to understand the early factors contributing 
to each individual’s presentation
●Recognize that alterations underlying anxiety and 

depression involve prefrontal cortical-limbic circuits
●Early interventions have the potential to change the 

course of anxiety and depressive disorders

Specific, Measurable, Attainable, Relevant, Timely
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Don’t forget to fill out your 
evaluations to collect your 
credit.
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