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Posttraumatic Stress Disorder
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* Characterized by
» uncontrollable states of fear

» persistent unavoidable re-experiencing of traumatic
memories

+ inability to extinguish fear
* hyperarousal
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* As many as 30% of returning war fighters are found to
have PTSD 1 year after deployment. & PGC-PTSD
1.0 Published data used for LDSC (SCZ, BIP, MDD) 10
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* While triggered by some traumatic event (Environmental) T 2
there is likely a heritable (Genetic) component as well. @ 04 04 5
:
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* About 10% of women will develop PTSD in their
- 0.0

lifetime and woman are twice as likely as men to o D DS
develop PTSD.

PGC=psychiatric genomics consortium, PTSD=posttraumatic stress disorder, LDSC=Linkage Disequilibrium Score
Regression, SCZ=schizophrenia, BIP=bipolar disorder, MDD=major depressive disorder



Neurobiology of PTSD

Prefrontal Cortex: Modulation and extinguishing fear memory
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ldentifying the molecular mechanisms of

PTSD
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Gene Expression Data
lllumina HiSeq, 75bp, paired end

!

Normalization
Outlier Removal
Covariate Regression
® Dimensional Scaling (PCA)
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Differential Gene Expression (DGE) Network Analysis

FPKM of each transcript

¢ Batch Correction for study

y

®* Robust weighted gene co-expression network analysis
(WGCNA)

Global Transcriptome Comparison

® Module-disease association

® Module-disease-region association

® Module characterization (pathway analysis, cell-type
specificity, key driver)

® Convergence of regional transcript changes
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GWAS/Psychiatric Disorder Overlap
SNP based co-heritability
Shared molecular convergence




Differential Expression Modeling

We fit this statistical model to the data Sanfers N
using DESeq2 within each brain region: :l B
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Gene Set Enrichment of PTSD Cortical
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Differential Expression Modeling

We fit this statistical model to the data Sanfers N
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Sex-specific PTSD DEGs

dIPFC OFC dACC sgPFC C

Female Q
-log10 (p-value)

o N B OO 0
:3
o N B O 0o
e
o N B OO 0
o N B~ O o
T

4 -2 0 2 4 4 -2 0 2 4 4 -2 0 2 4 -4 -2 02 4
‘:0@,7 8 8 8 8
o3 6 6 6 6
g& 4 B g 4 4
< 2 2 2 2
2o 0 0 0
4 -2 02 4 4 20 2 4 -4 -2 0 2 4 4 -2 02 4
log2 (fold change) log2 (fold change) log2 (fold change) log2 (fold change)

Girgenti, et al 2020



Gene Network Specificity
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Genes do not act independently- form networks with common functions



Top Sex-specific Co-expression Modules
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coral2 i1s Enriched with Interneuron DEGs

coral2: neuronal
32 genes, 15 DEGs

KiAA1211
KIAA1024

AFAP1

NXPH1 @

MADCAM1T ——S¥TLS

Nos1

RP11.192H23.4 RBM23 NI WP H 2

DLX5

KCNS3

TAC1
ST8SIA4 zNI@BsD
GAD2

HAPLN1

RELN KIT

COL25A1

EB Key Driver 1.OFC

2. dIPFC
P Node 3. dACC

4. sgPFC (112 pown
Interneuron Gene g

Up

-log10 (p)

PTSD Cortex TWAS
MAPT
8
PLEg’;’g’ _ LRC37A2
RNF123 P
GDF1
RBME
MSTIR "PCDHA] 1PNy LRRC37A
TRAIP- & zowme. ENAc2§ @ ZHX3
SRRSO TORIES S (A R OISR IS SRR TS R L R G P S AT e PR i, TR Sl 1 S SO T D g m -
@ L
® ° e
@
" eoe ¢
Bl L]
‘ ° ° [ 4 L °®
e @ % .. LD ] , ‘
o
‘ ..' Qe .c ° g & o % ®e
ot o.." ® o0 P 1.
'o& 9 g :‘

Much of this GABA network is recapitulated in

a combine-sex module
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Sex-specific cell type proportion changes
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Single Cell type-specific Transcriptomics

Female dIPFC (BA 9/46)

0o
InN4
InN5 DEGs per cluster
2
e InN1
INN2 - .
il 1 : ¢ cEue )
InN3 P OPC2 o -‘Illll ‘
g) i i 1 H !
EX5 8
Ex7 o 0 &t rtr+rt+r ettt
ie)
Ex8 E e v ° i . I
; Endo P T Tl gt pt 98 Gy :
Ex2 _l d : 7 :
: Astro2 " ‘ . 5)
Ex4 el Astrol
2 QNM#QQQQ@OHNM#U}S%SNS%OQ
Oligo2 m“ﬁmmmmmmmﬁéégééﬁﬁﬂ-ggg’gg
—-~-g&0ooo¥=

&%
Ex3

Ex6

Identified 23 clustered cell types

127 DEGs

49 Up

. 78 Down

17 Ex DEGs
24 InN DEGs
57 Micro DEGs



Non-PTSD Psychiatric Control Group- MDD

Control MDD PTSD
N=46 n=45 n=52
Sex (% Male) 56.5 60.0 50.0
Race (% Caucasian) 65.2 77.8 81.0
Age at Death 48.5 +12.4 454 +13.1 428 +11.5
PMI 21.8+6.6 18.7 = 6.1 205 +6.3
RIN: OFC 7.7 £0.97 7.8 £0.95 79 1
RIN: sgPFC 8.1 £0.85 8.1 £0.77 7.9 £0.99
RIN: dACC 7.4 +£0.98 7.5+0.97 7.3 £1.06
RIN: dIPFC 7.4 +119 76 +1.1 7.7 £0.92
Tobacco (% ATOD) 21.7 68.0 65.0
Alcohol (% ATOD) 0.0 28.9 35.0
Opioids (% ATOD) 8.7 22.2 15.4
Antidepressant (% ATOD) 0.0 56.5 60.0
Manner of death (% Suicide/ %Natural) 0.0 22.2/77.8 12.0/ 88.0
Drug Related Death (%) 0.0 42.2 52.0




Diverging Molecular Mechanisms between
PTSD and MDD

dIPFC OFC PTSD-MDD PTSD-MDD*

PTSD MDD PTSD MDD Z s, < 020,
s 2
% 2015
5 0.04 g
0 £ 0.10
:
g 0.02-+ g 0.05-
1] =
dACC sgPFC § E 000,
PTSD MDD PTSD MDD 0.00- ' 3

10
+
G
10
40
+
Os
40

Girgenti, et al 2020



Drug Repositioning Analyses
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SIGNIFICANCE

1.) There is highly connected, down-regulated set of interneuron transcripts in PTSD
PFC.

2.) Interneuron gene ELFN1 confers significant genetic liability and a likely functional
role in PTSD pathophysiology specifically in females.

3.) Despite high co-morbidity between PTSD and MDD there is little molecular
pathological changes that overlap between them.

4.) PTSD single cell work pipeline is developed and there is an emerging biology
centered on sex- and cell- type-specific changes.

5.) Reverse transcriptomics and drug repositioning based on postmortem
transcriptomic data is a promising direction for development of novel therapeutics



ACKNOWLEDGEMENTS

John Krystal, M.D.
Ronald Duman, Ph.D.

Mario Skarica, M.D.

Jiawei Wang
Dingjue Ji, Ph.D.
Jing Zhang, Ph.D.
Sydney Muchnik
Hongyu Li

Rose Terwilliger

Yale
Hongyu Zhao, Ph.D.

Nenad Sestan, M.D., Ph.D.

VACT- West Haven
Joel Gelernter, M.D.
Ismene Petrakis, M.D.
Brenda Martini

Dartmouth
Matthew Friedman, M.D.
Paul Holtzheimer, M.D.

UCSD
Murray Stein, M.D., MPH

Duke University
Doug Williamson, Ph.D.
Dianne Cruz

UPMC
David Lewis, M.D.

Funding Sources:
VA Career Development Award (VISN1)

NARSAD Young Investigator Award
Yale/NIDA Neuroproteomics Pilot Grant

State of Connecticut Department of Mental Health &

Addiction Services
ones | B
o | ot ||
-.—'

National Center for

Y PTSD

POSTTRAUMATIC STRESS DISORDER

Yale/NIDA Neuroproteomics Center

W% BRAIN &
AIIME = ’AéBEHAVIOR

RESEARCH FOUNDATION

Awarding NARSAD Grants



Modules

Ic Co-expression
Female PTSD Modules

-specific

Sex

Male PTSD Modules
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VA PTSD Brain Bank Collection

Control MDD PTSD
N=46 n=45 n=52
Sex (% Male) 56.5 60.0 50.0
Race (% Caucasian) 65.2 77.8 81.0
Age at Death 48.5 +12.4 454 +13.1 428 +11.5
PMI 21.8+6.6 18.7 = 6.1 205 +6.3
RIN: OFC 7.7 £0.97 7.8 £0.95 79 1
RIN: sgPFC 8.1 £0.85 8.1 £0.77 7.9 £0.99
RIN: dACC 7.4 +£0.98 7.5+0.97 7.3 £1.06
RIN: dIPFC 7.4 +119 76+1.1 7.7 £0.92
Tobacco (% ATOD) 21.7 68.0 65.0
Alcohol (% ATOD) 0.0 28.9 35.0
Opioids (% ATOD) 8.7 22.2 15.4
Antidepressant (% ATOD) 0.0 56.5 60.0
Manner of death (% Suicide/ %Natural) 0.0 22.2/ 77.8 12.0/ 88.0
Drug Related Death (%) 0.0 42.2 52.0




