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* Translational Functional Neuroimaging

* Neurocircuitry of Interest
* Selected Neuropsychiatric Disease Examples

* Synthesis: Integrated Brain Circuit Model of
Emotion / Behavior
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Hippocrates (460 — 377 BC)

“And men ought to know that from nothing else but
thence [from the brain] come joys, delights, laughter
and sports, and sorrows, griefs, despondency, and
lamentations.

And by this... we acquire wisdom and knowledge, and
see and hear and know what are foul and what are
fair... And by the same organ we become mad and
delirious, and fears and terrors assail us...”
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“sensus communis” “cellula imaginativa”
“cella aestimativa rationis”“cella memorativa”
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Transcending the Mind-Brain,
Psychiatry-Neurology Divide

Psychiatry

Neuroimaging in Psychiatry: A Quarter Century of
Progress

David A Silbersweig 1 Scott L Rauch

Affiliations + expand
PMID: 28885277 DOI: 10.1097/HRP.0000000000000177

 From node to
network (region to
connectome)

* From correlation to
causation to
prediction

* From localization to
targeted intervention
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The Role of Neuroimaging

* mapping of brain states associated with mental
states

° in Vivo

°* non-invasive

Resting Activated
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Region of focal brain activation

B!

S¥nhergy D’emand Functional Neuroimaging Method
o 2 (PET and fMRI)

1 Neuronal Metabolism €= == == == 13r_tpG PET

*

1 Blood Flow <« == == == == == H,I150 PET; Arterial Spin Labeling fMRI
1 Blood Volume == == == == == 11CQ PET; Gadolinium DTPA fMRI

M Blood Oxygenation = == == == pO N f\/R|
(relative decrease in deoxyhemoglobin)

' Glucose, Oxygen
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Functional neuroimaging applications

* Research
* Normal brain function

S,

* Psychiatry
* Neurology

Clinical
* Neurosurgery

Translational

e Clinical
* Presurgical mapping (fMRI)
* Post-RT change versus tumor recurrence (PET)
* Neurodegenerative disorders, i.e. Alzheimer’s, Parkinson’s (PET)
* Epilepsy (PET, fMRI)




Translational Approach

Example: Fear Conditioning and Threat Processing

Animal Behavior

N

Cellular/Molecular

~

Healthy Humans
T PTSD Patients
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Ostroff et al, 2010 Isenberg et al, 1999
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Evolutionary Context:
Limbic and Prefrontal
Cortex Across Species
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Neurocircuitry of Interest

Functional Domains:




Behavioral/Functional Neuroanatomy:
Nodes and Circuits

Frontostriatal circuitry
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Neurocircuitry of Interest

Functional Domains:
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Reflexive behaviors (startle, freeze, flight, fight)

Th reat DEteCtIO n / SubjectiveV:Z)frience and
. Deliberate defensive actions (greater cortical involvement)
Defensive Responses

B. The Two-System Model
Fearful feelings

Cognitive

circuit —_—r
(working memory) A 4

/ Defensive responses

/—> Behavior

Physiological responses

Threat =——3p ety —

system

LeDoux & Pine, 2016
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\ | AN\ \[Contextul reguiation /
L = ( /| ofextinction memory (
N ) > - (
citatory {3 % \ N \ ( ACTH
23 Inhibitory D WL 3 = v
Adranal glands —
Key brain stuctures in neurocircuitry of emotion regulation impacted by stress 1adn

* Amygdala and bed nucleus of stria terminalis (BNST) =[]
Lateral amygdala aSSOCiatEd Wlth Sensory inpUt B. Processing Present Versus Uncertain Threats

Central amygdala associated with reactions

Basal amygdala associated with defensive actions

Sensory

Threat —» BA i > [ NST —) NAcc

* Immediate threat detected by sensory modalities k= . (Extended  (Ventral
. . . (Amygdala) S - EIENE striatum)
is associated with amygdala b -
* Distant or uncertain threats are associated with
BNST
Defensive reactions Defensive actions
(freezing, flight) (escape, avoidance)

LeDoux & Pine, 2016




* Early life stress (i.e. physical abuse, neglect) has
been associated with increased amygdala and
decreased hippocampal and vmPFC volumes

* May make the system hyperresponsive to cues
associated w/ potential threat

* Neuromodulatory effect of stress hormones on
hippocampus leads to greater long-term memory
for emotionally charged events compared to
neutral ones
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Dorsal

Working memory
Meta-memory
Memaory strategies
Prospective memory
Ventral

Semantic memory
Extinction leaming
Conceptual priming

Procedural (habit) learning
Reward learning

‘- ————————
- ——

Hippocam
: Autobiographical retrieval PO pos
Conditioned
emotional .—.‘_( MTL memory system Entorhinal
learning cortex
Declarative memary PG
Memory consolidation Perirhinal
Contextual fear memory  cortex

Complex conditioning
.

- S
T

( Sensory neocom:uj

Neurchormonal Reflexive conditioning Memory storage
memory modulation Motor learning Conceptual priming
L j Perceptual priming
2 )

Potential mechanisms by which the amygdala mediates the
influence of emotional arousal on memory — Lebar and
Cabeza 2006
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Neurocircuitry of Interest

Functional Domains:
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@ -rom Perception to Evaluation,
Reward and Motivation

Input Internal Stimuli External Stimuli

Nucleus accumbens
* Detects salient stimuli

* Assigns value

* Assists in balancing approach
motivation with threat detection
netWO rkS Effector, Behavior Functions

Initiation, approach, avoidance, maintanence, inhibition, switching

Output Goal Attainment
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Nucleus accumbens

* Core
* Related to approach behavior
e Associated with dorsal striatum

* Shell

* Related to aversion and nonrewarding stimuli
e Associated with limbic structures

Reward and
Motivation

most flexible,
voluntary, conscious

HIGHEST Dorsolateral PFC
Rostral PFC
§ &=

Hypothalamus

* Mediates basic drives (thirst, hunger)
* Influences salience of objects needed for survival

. Prefrontal cortex (particularly orbitofrontal,
--------------------------------------------- ventromedial, and anterior cingulate)

v ;
Hypothalamus
LOWEST 0 0 q .
(HYP) 4 * Assists in appraisal of potential rewards /
most stereotyped,
organized, outcomes

automatic

Epstein and Silbersweig, 2015
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Reward and HO jO/\,NHz
Motivation -
Dopamine (DA) reward processing model:
1. Initial broad assessment of all sensory input identifying:

e Stimuli similar to previous rewards
* Involvement in reward-related contexts
* Novel stimuli
2. Next step involves identifying specific value and utility
* Balance reward, risk, delay
* Compare to outcome, allowing for learning and updating value predictions

S,
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Reward and Threat Detection /

versus

Motivation Defensive Responses

* Balance of aversive / avoidant systems and approach systems

* Individual variations affect ultimate emotional experience and behavioral

outcomes:
* Genetic variation leading to baseline ¢ Priming, inhibition, habituation,
trait levels reinforcement/extinction
* Trauma history (especially early life) learning

* External environmental reinforcers * Pharmacologic mediation
* Energy stores




Insula:

Integration of Emotional, Socic

Motor and Cognitive Information

Human brain Key:
' Al
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BWH
< Cerebellum—Not Just Motor.
Cognitive Affective Syndromes

(b) moter coordination a Task-based activation b Resting-state functional connectivity

Motor Language
L)

(a)

postural control

cortex

Spinocersbellum

L 1
paravermis vermis paravermis
e e | e | s |

Cerebrocerebellum

® Mirroring @ Person Trait
Event ® Abstraction
w v
balance control »
vestibular m eye reflex A =
system ) :
¥ Vestibulocersbellum . .

y =-50 y =-80

Schmahmann
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Neurocircuitry of Interest

Functional Domains:




Prefrontal cortices allow for:

Monitoring
Planning
Sustaining goal-directed activity

Modifying behavior based on feedback /
changing contingencies
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*Higher order brain regions allow for
flexibility in responses depending on
environmental context.

Anterior Primary motor
premotor corex
cortex P;ﬂm:toc (BA 4)
BA B) A
Dorsolateral ' (BA 6) Dorsal

prefrontal cortex
(BA 9/46)
Lateral e




malzﬂr@it HARVARD

MEDICAL SCHOOL

Prefrontal Cortices

Wallis

Orbital, Medial, Dorsolateral, Dorsomedial,
Rostral

Dixon et al, 2017
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Lateral OFC

* Direct input from sensory modalities
and limbic system

 Contributes to evaluation of external
stimuli in context of current goals
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Orbitofrontal Cortex (OFC)

Medial OFC

e Coactivated with limbic and default
mode network

* Appraisal of internal stimuli (i.e.
imagined future events and episodic
memories)
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Medial Prefrontal Cortex
(mPFC)

Dorsomedial PFC (dmPFC) Rostral medial PFC Ventromedial PFC (vmPFC)
e Appraisal of one’s own

mental state

» , - Appraisal of self-related  ° Altering behaviorin
* Intuiting others N formation response to

anticipated mental states environmental changes
to guide choices

* Appraisal of others’ * Emotion regulation

mental states
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Lateral Prefrontal Cortex

Dorsolateral PFC Nonspecified lateral PFC Ventrolateral PFC

» Frontoparietal attention ‘ Reappra|sal of.|n|t|al
networks negative reactions

Response inhibition

Goal appropriate response
* Defer gratification / value selelection

future opportunities
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Cingulate Cortex

Subgenual / Pregenual ACC Dorsal ACC Anterior MCC
 |nvolved morein

* Involved more in o . * appraisal of actions and
emotional processing cognitive processing behaviors and their

(error/conflict potential future

* Anticipates future monitoring) outcomes

physiological needs

* Assist in appraisal of
interoceptive sensation
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Neurocircuitry of Interest

Functional Domains:




Awareness of Self

Posterior insula
/§

A

Hedonic conditions

Environmental
conditions
(entorhinal and and orbitofrontal
temporal poles) cortex)

Homeostatic
motor function
(hypothalamus
and amygdala)

Primary
interoceptive
representation

Craig 2009

(nucleus accumbens,

Anterior insula

Motivational, social
and cognitive
conditions (ACC,
VMPFC and DLPFC)
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Insular Cortex
* Representation of interoceptive
information
* Posterior to anterior gradient
* Primary interoceptive states

e ‘Global emotional moment’
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Orienting/ Executive Alerting/ Prosociality

Awareness of Self ki~ e 3

Different experiences of self:

e Task ( + ) experiential
phenomenological self / experiential
enactive self

Task (+) networks F ‘& 1
1 iential Ph ical Self s Behavioral
() Task ( - ) na rratlve Self [0 Experiential enomenological Se (Extinctior 1 s
[ experiential Enactive Self 1 ‘ﬂ ?
Task (-) networks )
0 Narrative Self e |
(Hippocampal-Cortical Memory System) AIC
* .

] Integrative Fronto-Parietal -
Control Network Interoception

Vago and Silbersweig, 2012
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Empathy for
negative emotion

Empathy for
positive emotion

Theory of Mind
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Default Control
mode

Large-Scale
Networks

Default mode

network (DMN)

Central executive
network (CEN)

Visual

Salience network

Sensorimotor
Auditory

Y o—

Zhang and Raichle, 2012
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Default mode network

 “Task-negative” network

* Involved in self-referential thoughts (reflecting on past experiences,
envisioning the future) and contributes to emotional processing

* Three main subdivisions
* Ventromedial prefrontal
* Dorsomedial prefrontal
* Posterior cingulate and adjacent precuneus

* Anterior component involved in self-reflection and emotion

* Posterior component involved in episodic memory and perceptual
processing

Raichle, 2015
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Central executive and salience networks

* Central executive network, or “task-positive” network

* Nodes in dorsolateral prefrontal and posterior parietal
cortices

* Involved in attention to and manipulation of information and
decision making

* Anti-correlated to default mode network

* Salience network
* Key nodes in anterior insular cortex, dorsal ACC, subcortical
regions
* Assistsin detecting behaviorally relevant internal and
external stimuli

.. : Sali Intrinsic connectivity E tive |
« Assists in toggling between DMN and CEN Moy s

Seeley et al, 2007
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Selected Examples of
Convergent Neural Circuitry
of Psychiatric Symptoms
Across the Neuropsychiatric
Spectrum



PTSD: Brain activations associated with degree of
psychological, physiological distress in trauma (vs

neutral) word condition
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Selected examples:

Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology

Schizophrenia pts with paranoid
delusions have greaterand
inappropriate amygdala activation

Fear/threat circuitry involved in paranoid delusions in schizophrenia



BWH

B
S0
X

HARVARD

MEDICAL SCHOOL

Selected examples:

Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology

SPerception of fear and autonomic features of mesial temporal epilepsy

Persistent fear auras with
anterior medial temporal
seizure focus, before and after
two surgeries.

Urbanic et al, 2011
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Neuromodulation by Psychotherapy:
Schizophrenia and Paranoid Delusions
Before and After Group CBT

e . T walns

W =— &I

+.70

BEFORE AFTER
(P6 score =4) (P6 score =2)
A Extended amygdala Vv Amygdala
A Dorsal AC
A DLPFC
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Selected examples:

Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology

Psychosis

* Schizophrenia pts with hyperdopaminergic state
leading to dysregulation of salience networks

* Misattribution of assigned salience of
experiences (delusions) or internal
representations (hallucinations)

* Additional failure of prefrontal monitoring leads
to lack of insight

* Corollary discharge (reafferent signaling)

* Disruption of this mechanism in psychosis leads
to disconnection between anterior (initiation of a
thought) and posterior (reception of sensory
conseguence) region

* Produces misinterpretation of agency
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Selected examples:

Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology

Psychosis

 Auditory hallucinations invoked by
stimulating aspects of temporal lobe

* Crude/simple hallucinations moving to more
experiential response (voice, music) as
Heschl's gyri electrode moved from primary auditory
S v e Reres o ST, L vols (10 :
- oo e il v @th €2 cOrtex toward first transverse temporal gyrus

voice (23), 7. a voice (24), B. a voice (25), 9, a voice (28); Case 29.  10. familiar music
(lS).i 11, & voice (16), 12. a familiar voice (17), 13. a familiar voice (18), 14. familiar
music (19), 13. voices (23), 16. voices (27); Caso 4.  17. familiar music (14), 18, familiar
music (17), 19. familiar music (24), 20. familiar music (25); Case 30.  21: familiar music

o Cue 31, 22 fmiiar voies (163; Cu 32 23, fmit wnwc a3: ces. @ SUPjects typically retained insight, like a

24. familiar music (Y), 25. sound of feet walking (1); Case 6.  26. familiar voloe (14),

27. wvoices (22); Casc 8. 28. music (15); Case 9. 29. voices (14)! Cise 36, 30, “uj: c ”n
familiar sound (16); Case 35. 1. a voice (16a); Case 23. - 32. a voice (26), 31. voices

(25), 34. voices (27), 35. & voice (28), 36. 2 voice (33); Case 12, 37. music (12): Case 11, dream State’ Ilke I go |nt0 a daze
38. a voice (17d); Case 24. 39. familiar voice (14),.40. familiar voices (15), 41. dog

barking (17), 42. music (18), 43, a voice (20); Case 1). 44, familiar voice (11), 45. a -

voice (12), 46. familiar voice (13), 47. familiar voice (14), 48, familiar music (15), 49. a

voice (16); Case 14. 50. voices (2), 51. voices (3), 52. voices (5), 53. voices (6), S4

voices (10), 55. voices (11); Case 15. 56. familiar voice (15), 57. familiar voice (16)

38. familiar voice (22); Case 16. 59. music (10); Case 17. 60. familiar voice (30),

61. familiar voice (31), 62. familiar voice (32); Case 3. 63. familiar music (8),

64. familiar music (10), 65. familiar music (D2); Case 10. 6. voices (I1}: Case 7.
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Selected examples:

Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology
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Affect and Motivation e copremommy
: e e e
* Depressed patients with significantly i
. . . o ACC sysiom
less activation in ventral striatal ey
. . o _© . > Fisducod motabolsm fventral)
regions in anticipation of reward ol R
5 ) 0 o %mm" ;’:‘D‘CT:;I:WU!

* Parkinson’s disease patients oy

> Hypartroptry

» Raducad metabolsm
» Roduced FA

» Faducad connactvily
with Imbic rogons

depression and apathy inversely

correlated to DA transporter binding ey
in ventral striatum ? e s v s oy

Amy gcala
DeprossiondA ety

> Incroasod matibolsm
» Reducad cormaciviy with imbic / fronlo-parctal mgions

Anatomic / metabolic abnormalities in depression / apathy /
anxiety in Parkinson’s disease — Thobois et al, 2017
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Anhedonia in Major Depression

Epstein et al

B Left Ventral Striatum Right Ventral Striatum
= (-15,15,-6) {15,6,-3)

@ 6

g 4

a } {

9

g 2 I I
X by 11

: f

-2
a Valence
wn —4 I # Negative
+l
g # Neutral
5 # Positive
[
= Depressed Healthy Depressed Healthy

Suhbjects Comparison Subjects Comparison
Subjects Subjects
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Graph-theoretical Network Analysis: NAcc.L

- || e e
w ® o W
» //
// 1 4 .
g 1 Depression
i Patients
5 L
25. P
.L
2 P
L
0.D0€pP
Healthy
N . L Normal
‘ 0.U%pP Subjects
Negative Words Neutral Words Positive Words
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Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology

Anhedonia in Parkinson’s Disease

Remy et al
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Selected examples:

Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology

Affect and Motivation
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N PracmalCerpoaem L

 Patients with major depression have
greater confluence of activation
between emotional processing
regions (ventral striatum, ACC,
insula) and sensory, linguistic, and
motor areas

IawR
\ | ---/:-}f:_\;- "l

* Reflective of affective disturbance
coloring one’s cognition and
behavior (i.e. psychomotor slowing).

Epstein et al, 2011



¢ HARVARD

""'\55 MEDICAL SCHOOL

@ rsfMRI Connectomics:
Symptom/Pt-Specific Targets

Dysphoric

Aansomatic

HUMAN
. .
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Selected examples:

Convergent symptoms and brain circuit
abnormalities across psychiatry and neurology

Impulsivity

* Phinneus Gage demonstrated profound
disinhibition following injury involving right
and left prefrontal cortex (including oFC)

*Borderline personality disorder with
decreased constraint on go/no go task
correlated to decreased vmPFC

*Manic patients with hyperactivity of
approach motivation, great effort expended
in reward pursuit

* Greater activation of ventral strlatum and

oFC in anticipation of reward Decreased activation of mOFC in borderline

| personality disorder patient compared to
4 healthy control

*oFC AVM pt with disinhibition
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Obsessive and Compulsive Symptoms

O bsess | o) n/rigl d t h ou g ht pa tte rn an d Anatomy of cortico-striato-thalamc-»-c?tical (CSTC) loop circuitry

compulsion are seen across many disorders wosacrrra viEw il lf Uy Normal CSTC loop circitry

? M. Ante [P
A Medial prefroetal /cm;",_'ﬂ :

Dysfunction within specific cortico-striatal- LT i /‘ Sam) s #ureren

. __(caudate and putamen)

thalamic-cortical loops / S L
/ Fdoml | GARA ./“'Co{t.El_\; Glutamate "Wtz

*Greater urge to engage in compulsive T ‘\ ¢ & "f/_,'“m Do | 4 (G
behaviors ) e

\

\—)\7[/ /"’/ v'dh / \

*Reward/motivation/reinforcement otickons (e | -
. . . \ — Inhibitory patiways _i‘norrn:\::hsi
learning, habit formation | > B P, | g e
*Decreased top-down prefrontal control cononst v SR Wl Hpescie ST ey
ol et = )
Gudate 0_’ :
In:u’n;lt;:uuf::\‘\- >
S U .. (et (e
\ - T "
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OCD

COIOQne ALIC (N = 22) . Madrid NAcc (N = 8) . Predictive flbers (granob|e and cologne combined)

Prediction of london outcome

Prediction of madrid outcome

7000
2000 - 6500
o 15001 ] , 6000
g £ = 8 ss00
? 1000 ?
b= slca =
2 .2 g 5000
w500 c1 i
E 4500
=
of co 4000 R=075
p<0.040
-500 - . 3500
02 01 0 01 02 03 04 04 05 06 07
% Y-BOCS improvement (Empirical) % Y-BOCS improvement (Empirical)

B Caudate [ Putamen [ Accumbens I Ventral pallidum ] STN [ GPi
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Volition and Agency: Lesion network mapping of Akinetic
Mutism, Alien Limb,
and Functional Neuroimaging of Tourette Syndrome

|||||

Disordered Volition Disordered Agency

Darby et al
et al
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SYNTHESIS:

Integrated brain
circuit model of
emotion &
behavior

Core processes and functions:

mapping gradients onto brain
circuits



NEUROPSYCHIATRY
and BEHAVIORAL
NEUROLOGY

PRINCIPLES AND PRACTICE

DAVID A. SILBERSWEIG
LAURA T, SAFAR
KIRK R, DAFFNER

> -
SoX

o

N
——

Toward a Unified Classification System for Brain-
Mind Disorders: Putting Calls for Integrated Clinical

Neuroscience Into Action

Stanley, Michael P.H. MD"™™; Silbersweig, David A. MD%; Perez, David L. MD, MMSc™®

Author Informat ion®
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Convergent Principle

Perceptual, cognitive, emotional,
behavioral, social and executive functions
and interactions can be

localized and characterized in the context
of neural nodes, circuits and connectivity
which can be impacted by a range of etio-
pathologies, resulting in circuitopathies--
specific clinical presentations and
responses

within and across a spectrum of neurologic
and psychiatric brain/mind disorders
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SYNTHESIS: Integrated brain circuit model of
emotion & behavior

Gradients and Balances

* VENTRAL-MEDIAL systems: brainstem, hypothalamus, amygdala, ventral hippocampus, ventral striatum,
medial OFC, sgACC

» Past / self /internal world / stereotyped / simple-concrete representations / unconscious / involuntary

* Reciprocal interaction with DORSAL-LATERAL (executive / cognitive / language) neocortical systems (e.g.
dorsomedial PFC, DLPFC, temporoparietal association cortex)

* Future / others / external world / flexible / complex-abstract representations / conscious / volitional
control

* Emotional / behavioral balance
* Positive / approach: drive, urge, motivation, volition, planning
* Negative / avoidance: fear, anxiety, threat, frustration, inhibition, ruminations, concerns
* Salience / meaning
» Self / other awareness
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SYNTHESIS: Integrated brain circuit model of
emotion & behavior

Spatio-Temporal Networks of Brain Activity

« EMOTION AND BEHAVIOR associated with dynamic modulation in hierarchical, bidirectional systems

 Cortical / limbic / subcortical; paralimbic (mediating interaction between internal world and external
environment)

 Competing responses, selection for action, conflict, changing contingencies
* |n context of genes, neurodevelopment, experience, disease

* DISORDERS associated with distinct patterns of abnormal activity and connectivity in fronto-limbic
neocortical and subcortical regions, consistent with clinical phenomenology and behavioral
neuroanatomy

* Nodes: local neuronal circuits
* Circuits: large scale, distributed
* Modulation, compensation, plasticity

* May include fronto-limbic dysregulation of dynamic emotional / behavioral responses

» Specificity; accuracy; valence; salience; bias; set point; threshold; extent; timing; flexibility; stability;
appropriate context; awareness; monitoring; top down control
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Psychiatric and Neurologic Disorders / Symptoms, Functions, Regions / Circuits

* Anhedonia in depression; depression / apathy in Parkinson’s Disease
* Abnormal motivation / reward with pleasurable activities
* Ventral striatum

* Schizophrenia and anxiety d/o (paranoia, panic, PTSD); temporal lobe epilepsy, frontal lesions
* Abnormal fear assessment, response, modulation

* Amygdala, ventromedial PFC

* Hallucinations in schizophrenia; hallucinations in brain stimulation
* Involuntary, salient auto-percepts without insight
* Modality-specific cortices in context of mesolimbic and prefrontal

* Impulsivity in borderline personality disorder; impulsivity in traumatic brain injury
* Abnormal emotional behavioral control
e Orbitofrontal cortex
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Final common pathways of neuropsychiatric disease and treatment

* Pathophysiology vs etiology

* Role of translational functional neuroimaging: possibilities and
limitations

e Multi-modal biomarkers
* Targeted therapeutics

* Clinical implications
* Dx (neurologic / psychiatric )
* Tx (individualized treatment, psychopharmacology, brain stimulation)

* Px (early intervention, prevention)

Clinical diagnosis/symptom
expression
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Functional Neuroimaging Laboratory Team

Directors MRI Physics Collaborators
 E. Stern * S. Hoge * R. Frackowiak
* D. Silbersweig Lab Manager * C. Frith
Image Analysis / Statistical Methods ¢ A. Field * J. LeDoux

* H. Pan Research Assistants * B. McEwen
*S. lyer * B. Fuchs * M. Cloitre
Neurology * C. Haley * Y. Landa

* T. Butler (New York) Trainees * M. Alternus

* D. Weisholtz * Post-doc/fellows * J. Koscis
Neuropsychiatry * Residents * O. Kernberg

* J. Epstein * Medical students * M. Lenzenwegger
* D. Perez * Post-bach, college, high school * J. Clarkin
Neuro / cognitive psychology * S. Williams * O. Tuescher

* D. Vago *A. Engelien

* J. Root (New York)
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