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PTSD : Post-Traumatic Stress Disorder
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What is the inner world of people with PTSD like ?
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Decoding PTSD: From Discovery to Intervention

« Overview of PTSD: definition and causes, research models and paradigms——SJY
« Understanding PTSD: clinical manifestations and pathogenesis —— LT

« The Coping of PTSD: scientific intervention and research prospects—— LYG



Part 1:
Overview of PTSD: definition and causes, research models and paradigms

* Understanding PTSD: Definition and Causes
* Research Models and Experimental Paradigms of PTSD
* Behavioral Tests for Validating PTSD Models



Part 1:
Overview of PTSD: definition and causes, research models and paradigms

* Understanding PTSD: Definition and Causes



What is PTSD?

Post-Traumatic Stress Disorder (PTSD) i1s a
mental disorder triggered by extreme psychological
trauma events.
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Ressler, K.J., et al., Nat Rev Neurol,2022
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How does PTSD occur?

(1) War and violent incidents: War / Terrorist attacks / Violent crimes




How does PTSD occur?

(2) Major accidents or disasters: Traffic accidents / Natural disasters / Industrial accidents




How does PTSD occur?

(3) Personal trauma experiences: Sexual assault / Domestic abuse / Serious medical accidents
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Part 1:
Overview of PTSD: definition and causes, research models and paradigms

* Research Models and Experimental Paradigms of PTSD



Research models of PTSD

(1) Rodent Models

C57BL/6 BALB/c Rat

(2) Non-human Primate Models

Rhesus macaque Cynomolgus monkey Yehuda R and LeDoux J., Neuron,2007

Kalin NH. and Shelton SE., Ann N Y Acad Sci,2003



Research models of PTSD

(3) Human Studies
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Paradigms of PTSD: Physical stressors

Single Prolonged Stress (SPS)

Restress
=0 = (In restrainer only)

Restraint Stress Forced Swim  Ether Anesthesia Quiet
(2h) (20 min) Environment
Unconscious State (7-14 d)

~24°C Water

Plasma ACTH (pg/ml)

400 -
—{}— Naive
'l' e SPS® treated

Time (min)

single prolonged stress

lower plasma ACTH

Liberzon 1., et al., Psychoneuroendocrinology,1997



Paradigms of PTSD: Physical stressors
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Paradigms of PTSD: Physical stressors
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Paradigms of PTSD: Psychological stressors
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Paradigms of PTSD: Psychological stressors

Social Defeat Stress (SDS)
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Overview of PTSD: definition and causes, research models and paradigms

* Behavioral Tests for Validating PTSD Models



How to prove validity?

Restraint Struggle Test

Struggle frequency
Struggle duration
Escape attempt behavior

Immobility time




How to prove validity?

Open Field Test
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How to prove validity?

Elevated Plus Maze Test

Open arm entries

Closed arm entries

Time spent in open arms
Time spent in closed arms

Total activity count



How to prove validity?

Social Interaction Test

Social interaction test

Three-chambered social approach test
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Take home message

« PTSD is a trauma-related mental disorder.

» Experimental paradigms simulate traumatic experiences through physical and
psychological stress.

* Behavioral tests help validate PTSD models by measuring anxiety, avoidance,
and stress-related behaviors.



Part 2 Understanding PTSD

« Core manifestations of PTSD and their biological basis.
« Biological mechanisms underlying the development and progression of PTSD.

« Common misconceptions



Part 2 Understanding PTSD

« Core manifestations of PTSD and their biological basis.



Common Clinical Manifestations of PTSD
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1. Intrusive re-experience

Why are PTSD flashbacks intrusive?

) 1. Randomness
Flashbacks Nightmares

2. Episodes or Fragments

3. Vividness in sensation and perception

Ming Wang,et al.,Il/MHP, 2019



Flashbacks are determined by the encoding process of the original traumatic event.
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2. Emotional Closure: Persistent Avoidance and Numbness
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Q Y111
Avoid Thinking Avoid Talking Avoiding Avoiding

of the Trauma of the Trauma Places Activities

Characteristics of Emotional Closure
1. Continuous
2. active/passive

3. Memory dissociation

Le Doux JE,et al., Mol Psychiatry,2017



Avoidance symptoms correlate with the intensity of fear circuit activation.

Acquisition
Table 1| C i with CAPS id:
Contrast map and brain region Cluster size MNI coordinates (x, y, 2) Analysis (z)
Fear acquisiticn
C84 > €5
Acq Uis itio n Exti nction Right hippocampus 9 33,-27,-9 362
Extinction
Cs-
CS+E

Insula— The processing of emotions

Amygdala— The processing of emotions
Hippocampus— Scenario Memory

vmPFC, dmPFC-cognitive control

Sripada et al., Frontiers in Human Neuroscience,2013



3. Hyperarousal
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D. Rabellino et al., Psychiatry Research: Neuroimaging ,2016



4. Other Clinical Symptoms

Negative Perception Comorbidity Characteristics Atypical Symptoms

DEPRESSION

o %’

Alcohol and Drug Abuse




Part 2 Understanding PTSD

« Biological mechanisms underlying the development and progression of PTSD.



system of PTSD

1. Hypothalamus-Pituitary-Adrenal (HPA) Axis——the core endocrine regulatory
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Abnormal cortisol secretion
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Carrion2001AM 51 11.86 4.41 31 11.59 579 0.05 [-0.39; 0.50] 3.2%
Carrion2001PM 51 469 331 31 386 359 0.24 [-0.21; 0.69] 3.2%
Coupland2003AM 33 33.38 61.53 33 41.66 50.77 ] -0.15 [-0.63; 0.34] 3.2%
Coupland2003PM 33 8.00 52.70 33 8.83 54.35 : -0.02 [-0.50; 0.47] 3.2%
Lipschitz, D S2003 20 18.32 9.71 19 15.48 10.13 —il— 0.28 [-0.35; 0.91] 2.9%
Neylan2003 24 1250 540 18 1420 6.30 —m— -0.29 [-0.90; 0.33] 3.0%
Steven2004 17 22.90 3.59 17 29.25 524 «—fl— | -1.38 [-2.14; -0.62] 2.7%
Young, E A2004AM 68 12.69 8.83 183 13.24 8.28 ﬁ -0.07 [-0.34; 0.21] 3.5%
Young, E A2004PM 68 4.69 4.97 183 3.86 4.14 0.19 [-0.09; 0.47] 3.5%
Young2004AM 70 1324 0.83 16 11.86 221 : —— 114 [0.57; 1.71] 3.0%
Young2004PM 70 6.90 193 16 4.14 138 i —— 148 [0.89; 207] 3.0%
Yehuda,R2005AM 23 9.80 2.65 252215 232«< ‘ -4.89 [-6.06;-3.72] 2.0%
Yehuda,R2005PM 23 9.94 232 25 8.08 223 P —i— 080 [0.21; 1.40] 3.0%
Yehuda2005AM 19 1219 699 16 19.70 9.12 + -0.91 [-1.62;-0.21] 2.8%
Yehuda2005PM 19 6.54 6.85 16 4.09 21.66 —— 0.15 [-0.51; 0.82] 2.9%
Kloet2006AM 23 1350 6.00 24 2200 760 —l— -1.22 [-1.84;-059] 2.9%
[Kloet2006PM 23 700 240 24 900 340 —. 067 [-125 =008 30%
Lindauer2006AM 12 28.60 25.70 12 9.90 7.00 i |—#—— 096 [0.11; 1.81] 25%
Lindauer2006PM 12 880 550 12 7.20 3.40 — 0.34 [-0.47; 1.14] 2.6%
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Witteveen, A B2010AM 39 13.10 5.90 588 14.30 6.50 - -0.19 [-0.51; 0.14] 3.4%
Witteveen, A B2010PM 40 8.90 4.50 575 10.10 5.40 = s -0.22 [-0.54; 0.10] 3.4%
Mcfarlane2011AM 9 849 610 26 1352 6.89 —— -0.73 [-1.51; 0.05] 2.6%

9 446 417 22 549 375 —a— -026 [-1.04: 052] 2.7%
Feldman2013 56 6.09 1.89 84 6.66 1.70 — -0.32 [-0.66; 0.02] 3.4%
Wahbeh2013AM 51 19.31 1821 20 32.28 20.14 —— -0.68 [-1.21;-0.15] 3.1%
Wahbeh2013PM 51 441 524 20 9.10 10.21 —— -0.67 [-1.19;-0.14] 3.1%
Kobayashi2014 11 7.70 3.80 28 19.30 18.40 —— -0.72 [-1.43; 0.00] 2.8%
Kobayashi2014 11 14.80 10.20 28 18.00 14.10 —— -0.24 [-0.94; 0.46] 2.8%
Random effects model 1064 2322 - -0.28 [-0.53; -0.04] 100.0%
Heterogeneity: /2 = 86%, © = 0.4267, p < 0.01 I T T |

- -1 0 1

Decreased in PTSD Decreased in controls

Helane Wahbeh,Barry S. Oken, Journal of Traumatic Stress,2013

Douglas Bremner et al. J Nerv Ment Dis,2007
Pan et al. BMC Psychiatry ,2018



2. Monamine and Neurotransmitter Dysregulation

. Distribution of biomarkers across PTSD status groups PTSD-like manifestations in 5-HT-deficient mice
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Activation of dopaminergic neurons improves anxiety-like behavior in rats with PTSD models.
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Neurohormonal regulation in relation to the hypothalamic-pituitary-adrenal (HPA) axis
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3. Abnormal brain region function

Overactivation of the amygdala Decreased prefrontal-amygdala

connectivity

Hippocampal volume reduction

Before Trauma

Anterior cingulate cortex -

Dorsomedial prefrontal cortex
MIRTERMRZ 2

Ventromedial prefrontal cortex

Hippocampus

Perirhinall
Parahippocampal

Cortex

Orbitofrontal cortex Entofhinal

Cortex

= Smaller hippocampal volume

BM#% Amygdala
B5{K Hippocampus —

= Reduced hippocampal activation during
associative learning and retrieval

» Reduced hippocampal functional
connectivity with madial temporal lobe
cortical regions, sensory cortex, and PFC
during associative leaming and retrieval

Vanessa M. Brown and Rajendra A. Morey, Frontiers in Psychology,2012
Hayes et al., Biology of Mood & Anxiety Disorders,2012
H.K. Lambert and K.A. McLaughlin, Neuroscience and Biobehavioral Reviews,2017

During Trauma

« Difficulty learning, consolidating, or
refrieving the place, sequence of
evenls, or discrete sights, smells, and
sounds present during a traumatic event

Powmoz e ow o
3

After Trauma

PTSD Onset, Severity,
and Chronicity

Faar to trauma cues and re-
experencing aspects of frauma in
safe contexts

Disorganized, incomplete, and
overgeneral trauma memories

Generalization of fear to non-
threatening sights, smells, and
sounds that resemble those
present during the trauma



4. Neuroinflammation and immune activation
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Modulation of Neuroinflammation Alleviates PTSD-Like Behavior and Fear Memory
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5. Genetic susceptibility

Rachel Yehuda

PhD

Center far Affective Neuroscience
Friedman Brain Institute

Graduate School of Biomedical Sciences
leahn School of Medicine at Mount Sinai

Psychiatry
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FKBP5:FK506-binding protein5 === HPA Axis
COMT:Catechol-O-methyltransferase === DA

BDNF:Brainderived neurotrophicfactor === Neurons

Yehuda et al., J Clin Endocrinol Metab,2005
Pan et al., Frontiers in Pharmacology,2025

6. Intestinal flora imbalance
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Part 2 Understanding PTSD

« Common misconceptions



’ Only those who have experienced major traumatic events develop PTSD.
w

!




Trauma is a one-time event.

!

Compared with the group that did not suffer from either CT and SB,

&y Fey, O CT = childhood trauma + CT:Emotional abuse >
- Both Emotional neglect >
2 3.10 times ! 3.63times wmmmlp- 9 B4 times higher risk of NSSI Sexual abuse
; SB = school bullying * SB:Verbal bullying >

Only SB
Only CT y Cyberbullying

HE AQP4

I Step Five:
Cumulative Effects

TUNEL 5 '
s @ ' T °® el
; Ve | nsE Severe Trauma ’ ’ i i \ . o
=" i, L Dy ' i :
e [ Ws00p Extremely Severe " @'~ ~ _/III ,:"/-L_ Trauma Severlty 69/’4\
Trauma g T = >
Step One: — I Step Two: | Step Three: Step Four:
Single Blast | Trauma Analysis |Trauma Gradation | Repeated Blast

Y. Jin et al., Child Abuse & Neglect ,2026
X. Huang, B. Xia, L. Chang et al.,Theoretical and Applied Mechanics Letters ,2024



, The trauma must have been inflicted directly upon you.
?

!

Four Types of Trauma Exposure (DSM-5-TR)

—— [Jirccl Expasurs, Means
= ® = [ndirect Exposurs, Mem:

FTSD Checklist Mesns

FTSD Sympiom Clusters

Elizabeth G. Szogi & Karen A. Sullivan,Psychol. Inj. and Law ,2018
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PTSD = Depression

§“'

PTSD cannot be cured. ,

!

RCT: Concurrent Treatment of Posttraumatic Stress Disorder and Alcohol Use Disorder in Women

POPULATION
90 Women

‘Women with posttraumatic stress

disorder (PTSD) and moderate-to-severs
alcohol use disorder

Meanage, 44.7y
SETTINGS / LOCATIONS

Qo Lnsen .,

Persson A, Axén
arandomized clinica

INTERVENTION

90 Patients randomized
All patients received 12 individual sessions
of their assigned treatment program

Concurrent Treatment of PTSD and Substance
Use Disorders Using Prolonged Exposure

(COPE)

45 Relapse prevention

Treatment gulded by the Project MATCH
Cognitive-Behavioral Coping Skills Therapy

Manual

PRIMARY OUTCOME

Change from baseline to 9 mo in PTSD symptom severity, measured by the
Clinician-Administered PTSD Scale for DSM-5 (CAPS-5; range, 0-80; higher

FINDINGS
Compared with rel integrated significantly
r:d.uced PTSD: dmhoi use aPso decreased in both groups, but with no
significant between-group e
50
§ iR
=
B Relapse prevention
E - z =
€ a0/ =
M
2 Integrated treatment
3 104 Integral reatment
0 ' '
o & 12 24 &
Time, wi
Alcohol use

Integrated intervention: 144.41 (35% C1, 104.66-184.15) g/wk at
basel!ne 52 65 (95% CI, 48.81-136.48) g/wk at 9-mo
133.45(95% C1, 93.71173.19) g/wh at baseline:

scores indicate greater severity) and weekly alcohol use, y
Timeline Followback self-report (g/wk)

hol use disorder

77 50{95% €1,31.65-123.95) g/wk at 9-mo

1 Wamen



Take-home Message

1. PTSD comprises three core symptom clusters, which are associated with specific biological and pathological bases.
2. PTSD results from the interaction of multiple factors, mechanisms, and targets.

3. Scientifically correcting common misconceptions about PTSD is a crucial foundation for understanding and treating

the condition.
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The Coping of PTSD: scientific intervention and research prospects

Common psychotherapy
Implications from fear conditioning
Pharmacotherapy

Other promising intervention
Challenges and prospects

nnhwnNpeE



1. Common psychotherapy

APA guidelines VA/DoD guideline

®

~ VA/DOD CLINICAL PRACTICE GUIDELINE FOR Psychothera py recommended
APA CLINICAL PRACTICE GUIDELINE THE MANAGEMENT OF POSTTRAUMATIC

for the Treatment of STRESS DISORDER AND ACUTE STRESS by APA a nd VA/ DoD :
Posttraumatic Stress Disorder DISORDER
(PTSD) in Adults

Departmant of Veterans AHfairs

N A. Prolonged Exposure (PE)
- B. Cognitive Processing Therapy (CPT)

FEBRUARY 202 -
The Department of Veterans Affairs and the Department of Defense guidetines are based upon the best
information svadtabie a1 the time of publication. They ara designed 1o provide information and st

GUIDELINE UPDATE PANEL F: HE TREATMENT OF PTSD IN ADULTS

tecision making. They are not intended to define a standand ol care and shauld not e constried as one
Neither should they be i ! course of t

ind epldermiological
nation of the logecal
e rating Loth the quality of the

This Clinical Practice Guidelne is based on 1 systematic review of bot!

Version 3.0 - 2017

- AMERICAN
PSYCHOLOGICAL
ASSOCIATION




A. Prolonged Exposure (PE)

Theoretical Basis :

Emotional processing theory. Traumatic memories form a
pathological "fear structure" in the brain.

Treatment Goal :

To modify the pathological fear structure by activating it and
introducing new, incompatible information (e.g., "'l am safe now")

PE includes:

Psychoeducation about PTSD and common reactions to trauma
Breathing retraining
Vivo exposure/Imaginal exposure




B. Cognitive Processing Therapy (CPT)

Theoretical Basis :

Social cognitive theory. Patients form extreme, unrealistic
negative beliefs in an attempt to make sense of the event

Treatment Goal :

Identify maladaptive cognitions
Replace them with more balanced, realistic beliefs

CPT includes:

Psychoeducation about the cognitive model
CT skill




C. Eye Movement Desensitization Reprocessing (EMDR)

Theoretical Basis :

The Adaptive Information Processing model. The memory was not
adequately processed.

Treatment Goal :
Change the way that the memory is stored
DESENSITIZATION

| Reducing and eliminating the problematic symptoms.
| REPROCESSING

Theoretical Basis :

Focus on the trauma memory while simultaneously experiencing

bilateral stimulation: eye movements and other forms of rhythmic
left-right (bilateral) stimulation (e.g., tones or taps).



The efficacy of recommended treatments

1,6 1,6
1,4 1.33 1,4

Size

ffect size
ff

0
Treatment Intervention Treatment Modality

wCPT mEXP »EMDR mSMT m Combi therapy  mInd therapy = Grp therapy

1. CPT and PE are more effective than EMDR and SMT
2. Combination Therapy and Individual Therapy are more effective than Group Therapy

Haagen, J. F. G. et al. Clinical Psychology Review 40, 184—194 (2015)
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2. Implications from fear conditioning




Pavlovian conditioning/Classical conditioning
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Fear conditioning in PTSD

Fear memory Re-exposure triggers CS+US

encoded fear response
/y @ — 03 — Fear response

\ -

@ Experience \
traumatic ’
events

Chen, J. et al. Neurosci. Bull. 41, 1054-1084 (2025)



How Fear Memory is Updated?

1.Memory Extinction (;518)

Limits:
O Spontaneous recovery
O Context renewal

Can we “erase” memory?

"o fear :- no fear
O en B P (i.e., extinction)

Extinction refers to the gradual new CS-no US memory
weakening of a CR VS

original CS-US memory

Lissek, S. et al. International Journal of Psychophysiology 98, 594-605 (2015)



How Fear Memory is Updated?

2. Memory Reconsolidation(Z3}/Z])

0.2 ECS: interference memory

2 | ECS CSHECS CS: induce memory retrieval
g % % ?
£ _ 2 2 Z Groupl: ECS interference memories soon
5 02 g o1 % ? — after fear-conditioning
Bz IZIEZ 7

] A | -] Group2: ECS interference memories 24h

S Hr R Ee e ool A oA s after fear-conditioning

Group Group

Traditional view: Correction:

Memories are static and unchangeable » Memories are dynamic and can be modified

* Memories become more vulnerable and
destabilized when retrieval

Reconsolidation is a dynamic process that updates retrieved memories with new protein synthesis

Misanin, J. R. et al. Science 160, 554—555 (1968)



How Fear Memory is Updated?

2. Memory Reconsolidation

B Reconsolidation
A Consolidation u l 1001
=0-Vehicle
i —— t 80 1 _
d1 d5 d6 d7 d14 -&-Phalloidin
Cannulation Habituation Training Memory retrieval g’ 604
B
o
. . W 404
Reconsolidation “ l 2
L L1 ]
- —H : : & l_\/x
d1 ds dé dv7 d14 d21
Cannulation Habituation Training Memory re-activation Memaory relrieval 0 v v - .
CS+1 CS+2 CS+3 CS+4

Reconsolidation occurs during memory retrieval, stabilizing recalled memories in a

time-sensitive manner

\
In Reconsolidation window(0.5 and 6 h post-retrieval), it is possible to “erase” memory

Rehberg, K. et al. Neurobiology of Learning and Memory 94, 117-126 (2010)



How can we use memory reconsolidation to alleviate fear memory in PTSD?

Pharmacological/Optogenetic blockade

Behavioral Therapy Based on Reconsolidation:

- Post-retrieval extinction (PRE) protocol

o)) Conditioned stimulus
ﬁ (e.g., atone) ‘ ))

(e.g., a shock)

pre-extinction
w/ reactivation

conditioning (post—extinction)

( pre-extinction

w/o reactivation

Dunsmoor, J. E. et al. Neuron 88, 47—63 (2015)



Several factors contribute to the efficacy PRE

Factor 1. Interval between retrieval and extinction training

A 10m
1hr
Fear 2 Ret < Extinction —24-DLTM— 1 _DSpontaneous
cond.  hrs =5 6 hrs hrs month recovery test
24 hrs
B 100 + = Last 4 trials of Extinction
90 4 =LTM (24 hrs)
80 4 m Spontaneous Recovery
g 70 4 *
'uﬁ, 60 4
@ 504 * *
w
° 407
30 4
20 4
10
0 L Ll Ll
context 10 min 1 hr 6 hrs 24 hrs

Interval befween refrieval and extinction training

Day 1 Day 2 Day 3

Group 1: Acquisition | Reminder 1C'—mini-E:nrlim:ticm Re-extinction

Group2: Acquisition | Reminder —S1 . Extinction| Re-extinction

Group 2: Acquisition | No reminder ——— Extinction | Re-extinction

Spontaneous recovery: (1st trial of re-extinction) — (last trial of extinction)

035 0O 10min @Eeh B No reminder

* ok w

0.251

0.154

Mean differential SCR

0.054

Acquisition Extinction  Re-extinction

In humans, reactivating fear memories 10 min, before extinction produces a
durable reduction in fear that can last at least a year

Monfils, M.-H. et al. Science 324, 951-955 (2009)
Schiller, D. et al. Nature 463, 49-53 (2010)



Several factors contribute to the efficacy PRE

Factor 2. Discrepancy between the original learning context and the reactivated context

b -]

Fear Potentiated Startle
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Multiple PEs (predict errors) is more effective than single-PE

Sevenster, D. et al. Science 339, 830—-833 (2013)



Several factors contribute to the efficacy PRE

Factor 3. Inter-trial intervals (ITls) during the extinction

100 4
90 1 *
o) ; [ Fixed (no variability) ITI
B Experiment 2 - [ Small vasiability I'TI
Day 1: Fear Day 2: Day 3: Day 4: | I 1 arge variability IT1
Conditioning Extinction (2 min avg ITD Reinstatement ﬂllns‘r:::mnm g 60 1
cs s | avone IOEEEERRERRTTREEE g w1 I
.- .
[|+\}]»s\l Thour IIIIIIIIIIIIIIIIIII_g.g__,.III X 4071 _—
pet | RO R : L
20 {1 2
lo..
a No Retrieval Retrieval No Retrieval Retrieval

End of Extinction

The unpredictability of interval length is vital

Auchter, A. et al. Front. Behav. Neurosci. 11, (2017)



Post-retrieval extinction (PRE) protocol is a promising alternative to the standard ET strategy

Standard ET (Exposure therapy)

|

|

: Add retrieval before extinction:

|

I 1. time window

I 2. degree of PE

: 3. inter-trial intervals (ITls)
|
|
v

Post-retrieval extinction (PRE) protocol
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3. Pharmacotherapy

3.1. FDA-Approved Drugs for PTSD
Serotonin (5-HT)

SSRIs: Paroxetine [HZ ;T
Sertraline =Rk

First-line
treatments
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! SNRI: Venlafaxine SCRIEESE |
i Antidepressants !
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[ Depressant
[] Antidepressant

=t
[ Nao effect on mood
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Tricyclics and
selective serotonin
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v" Increase serotonin availability in the synaptic cleft
v Enhances serotoninergic neurotransmission



3. Pharmacotherapy

3.2 Novel Drugs under Clinical Trials

New targets: Glutamate, NMDA receptors, endogenous cannabinoid system, adrenaline system

ENDOCANNABINOID
a SYSTEM (ECS) ECS RECEPTORS
LUNGS HRAIN \- P cB1

Glu neuron CABA interneuron ‘l‘ ;rr: B
¥

° ° > .'-::. =

e® oy 2 o
®e e—Glu GABA—9 @ p !‘\ . )

GABA, ..  AMPAR "y [ ..

@

| a7
i @,ﬁ@) i " © ’JLI'J\_<° T CB1 receptor msm“?; 4 J
@&mmul ? _COLCI?: )
o1 - (% b &
Glutamatergic Antagonists CB2 agonists

Riluzole Cannabidiol
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4. Other promising intervention

4.1 repetitive Transcranial magnetic stimulation (rTMS)

Insula d‘. il )
Amygdala

= Hypoactivity

Hippocampus

Insula ~— PFC ~— Hippo

ACC
|

|
..

Amygdala

®m Hyperactivity = No data

Accelerated

A Y

Wearable rTMS

Network based module Information based module Wear-on TMS module

Standard

Neural circuit-based brain stimulation

v" Enhanced neuroplasticity
v" Normalizing network connectivity
v Reduces neuroinflammation

Yuan, T.-F. et al. Fundamental Research 5, 2432—-2441 (2025)



4. Other promising intervention

4.2 Closed loop deep brain stimulation (CLDBS)

A Extinction State

—3 Ewmitatory || Fear cells population

—3 Inhibitory [l Extinction cells population

—
TR

eA | —s» Extinction

Fear Persistence State

- (P

<>

—p Ewitatory ] Fear ceits population

iy v Bl Exti enlis

Pre-operative Baseline

C Fear State CLDBS

Device

Stm/ Ytectlcn

Reminder/Trigger L@l 2

g

=3 Excitatory
—3 Inhibitory

J/
4

CEA == Biomarker

Extinction State CLDBS

Device

No Stim/ \No Detection
"'/.- e {

Novel Trigger —I‘f gf CeA |— Biomarker
S [ Extinction] Extinction |

—  Excitatory
—3 Inhibitory

Twelve Months Post-operative

Bina, R. W. et al. Front.

Neurosci. 12, 300 (2018)
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5. Challenges and prospects

5.1 Identify and classify all biomarker
Biological markers, or biomarkers, are broadly defined as objective indications of the medical state of the

person observed

efsoll

Substance (molecular or histological) e

9

Biological
substrates

e.g., Methylation changes in the SLC6A4 genes

Response (physiological)

e.g., Heart rate variability (HRV)

'~ |pTsppB V1 ¢
May 2019

Structure changes (radiographic) PTSD Biomarker Database:
e.g., Volume in anterior cingulate cortex (ACC) https://ptsd.scai.fraunhofer.de/




5. Challenges and prospects

5.2 Comorbidity(3£45)

Table 3. Lifetime Comorbidity With PTSD*

% of Subjects

Comorbid IWith PTSD Without PTSD]
Disorders (n=111) (n=690) OR (95% CI)
Any anxiety 55.0 26.1 3.46 (2.29-5.21)
Panic disorder 7.2 2.3 3.27 (1.37-7.84)
Agoraphobia T.F 2.0 6.40 (2.92-14.03)
Simple phobia 36.0 16.1 2.94 (1.90-4.55)
Social phobia 26.1 13.0 2.36 (1.46-3.80)
GAD 4.5 0.7 6.46 (1.84-22.70)
Major depression 43.2 133 4.95 (3.21-7.65)
Alcohol A/D 21.6 8.1 3.12 (1.84-5.30)
Marijuana A/D 7.2 4 3.49 (1.45-8.45)
Cocaine A/D 3.6 2.0 1.80 (0.58-5.59)
Any illicit drug A/D 13.5 4.8 3.11 (1.63-5.94)
Any disorder 73.0 38.3 4.36 (2.79-6.81)

Breslau, N. Arch Gen Psychiatry 54, 81 (1997)

O Challenges for diagnosis
O Therapeutic regimen



5. Challenges and prospects

5.3 Computational neuroscience

Assimilation ‘Danger’ belief inferred
h: X = for novel dog
Traumatic belief formation Prototypical dog is slill dangerous; fear
i to o ize fo other p
Prototypical dog is dangerous of category. Safe dog is outlier
Fear generalizes to olher exemplars
st .8
™ 2N a |
‘/ l \ A ]h 0 i
v w &
“Danger’ beliel inferred Anxious responding

for novel dog
1 \ Safe experence
O .
Mxe @)

Accommodation

‘Sale’ belief inferred

lor navel dog
Prototypical dog is safe
» CR depends on Safety generalizes to other exemplars
Traumatic axperience wilh |atent betiel of calegory. Dangerous dog is outher
dangerous dog
Do 4 —
Anxious responding / \4 o 1
Lol
No anxious responding

Biases in latent-state and model-based learning

|

Behavioral and neurocircuitry findings in PTSD

Cisler, J. M. et al. Trends in Neurosciences 47, 150-162 (2024)



Take-home massages for Part.3

1. Recommended psychotherapy

CPT and PE is strongly recommended psychotherapy,
the efficacy of EMDR for PTSD is a controversial subject
among researchers

2. Implications from fear conditioning

Post-retrieval extinction (PRE) protocol based on
Reconsolidation is a promising alternative to the
standard ET strategy

3. Pharmacotherapy

Sertraline and paroxetine are the first-line treatments.
Fluoxetine and venlafaxine are prescribed as off-label
medications.

If failed, antidepressants such as nefazodone,
imipramine, and phenelzine were prescribed

4. Other promising intervention

Closed loop deep brain stimulation (CLDBS)
Repetitive Transcranial magnetic stimulation (rTMS)

5. Challenges and prospects

Identify and classify all biomarker
Comorbidity as a challenge for diagnosis and treatment

Computational neuroscience offers a new perspective of
PTSD



