Vascular and inflammatory factors
In the chronic pathophysiology of
blast-induced brain injury



Blast Animal Model in Rats
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[mTBI definition]
1. Any period of loss of consciousness
3. Any alteration in mental state at the time of the accident
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Rodent Model: No Obvious Pathology

No obvious CNS pathology (H&E, APP, GFAP, Cupric Silver, etc.) BOP x 12 (5.6 psi)
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Figure 4: APP immunohistochemistry - frontal overpressure exposure:

APP immunohistochemistry is seen with animals exposed to 12 sessions of 36.6 kPa blast overpressure exposure (A, B, E, F, I, J, M, N) vs. SHAM injured controls(C,D, G, H, K, L,
0, P). Photomontages of multiple photomicrographs of frontal (A, C), mid (E, G), and posterior (I, K) portions of the cerebrumare shownin coronal section. Sagittal
photomicrograph of the brainstemis seeninplates MandO. Maghnifications of corresponding boxes within photomontages areseeninplates B, D, F,H,J, L, N, and P. Within
all of the plates, no evidence of traumaticinjuryor difference between experimentally injured and SHAM injured controlsis seen.

Ahlers et. al., Frontiers Neurotrauma 2012



Repeated Low-intensity Blast

BOP x 3 (10.9 psi)
/L >
AR 77
. 1day
BOP x 12 (5.6 psi) Train

1 BOP exposure per day (facing or side orientation)
Isoflurane anesthesia during BOP exposure

Latecncy to Platform (sec)

BOP x 3 (10.9 psi)
-= Control
80- -+ Facing
-9~ Side
60+
40
%
Y
20
0

24 Hours post BOP

Exposure

visual asdmark

BOP x 12 (5.6 psi)

Latecncy to Platform (sec)

804

604

404

204

-= Control
-@- Side

-4~ Facing

Block

24 Hours post BOP

Ahlers et. al., Frontiers Neurotrauma 2012



e Blast induction of PTSD related traits
» Blast and AB production

 Blast-related vascular pathology and its
possible relationship to inflammation



The problem of distinguishing PTSD
from mTBI

Ing_symptoms

PTSD

Depression
Headaches Anxiety Hypervigilance
Dizziness Irritability Increased arousal
Balance Poor sleep Flashbacks

Fatigue Avoidance

Mild cognitre

complai

Moderate-severe TBIs recognizable by cognitive deficits
(Neuropsych mTBI = PTSD)



Blast exposure induces PTSD
related traits
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Blast exposure induces stathmin 1 in
the amygdala
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stathmin, a Gene Enriched in the Amygdala,
Controls Both Learned and Innate Fear

Gleb P. Shumyatsky,'* Gaél Malleret,?
Ryong-Moon Shin,® Shuichi Takizawa,’
Keith Tully,® Evgeny Tsvetkov,®

Stanislav S. Zakharenko,?® Jamie Joseph,’
Svetlana Vronskaya,? DeQi Yin,?

Ulrich K. Schubart,* Eric R. Kandel,?

and Vadim Y. Bolshakov?®

first to focus on simple neural circuitry of the sort in-
volved in forms of implicit memory storage.

Within the mammalian brain, one of the best under-
stood memory-related neural circuitries is that which
controls fear conditioning. Fear reactions represent not
a single process but a spectrum of behaviors that vary
from those that are inborn to those that are acquired.




DNA Methylation Profiling of
Blast-related TBI using
expanded reduced representation
bisulfite sequencing on sorted
neuronal (NeuN+) and glial
(NeuN-) populations from rats

8 months following blast
exposure.

Haghighi et al.
Journal Neurotrauma
32: 1200, 2015
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-Methylation site

changes in 458 neuronal and
379 glial genes

-Pathways effected enriched
for:

cell death and survival,
nervous system
development and function,
transforming growth

factor B (TGF- B)

nitric oxide signaling

-Gene expression analysis of
30 differentially methylated
neuronal and glial genes
showed correlation with
methylation.
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Blast-related TBI and chronic neurodegenerative diseases:

could there be a connection to elevated AB?

Association of Increased Cortical Soluble -Ap is elevated
APy, Levels With Diffuse Plaques after TBI in humans
After Severe Brain Injury in Humans -Plaques appear

Steven T. DeKosky, MD; Eric E. Abrahamson, PhD; John R. Ciallella, PhD; William R. Paljug, MS; With i N hou rS Of
Stephen R. Wisniewski, PhD; Robert S. B. Clark, MD; Milos D. Ikonomovic, MD
a severe TBI

Arch Neurol 64: 541 (2007)

nature

medicine

Amyloid precursor protein
secretases as therapeutic targets

for traumatic brain injury -AP is increased in impact animal models
of TBI (controlled cortical impact, weight
drop).

G William Rebeck! & Mark P Burns'

Amyloid-p (Ap) peptides, found in Alzheimer's disease brain,
lat idly after t tic brain injury (TBI) in both 1

humans and animals, Here we show that blocking either - o -Mice that are unable to generate A

y-secretase, enzymes required for production of Ap from

amyloid precursor protein (APP), can ameliorate motor and (BAC E KO) ShOW IeSS CO rti Cal VO I u me

cognitive deficits and reduce cell loss after experimental TBI in

mice. Thus, APP secretases are promising targets for treatment

loss and less impairment in a spatial
memory tasks

Loane et al. Nature Medicine, 15: 377 (2009)
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Brain AB 40 and 42 are decreased 24 hr
following blast exposure in mice (147 kPa)




APP levels are elevated iIn rats following blast
at 24 hours and one week
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No change In levels of BACE 1 or presenilin-1
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Blast-related tauopathy?

www.ScienceTranslationalMedicineorg 16 M.

TRAUMATIC BRAIN INJURY

Chronic Traumatic Encephalopathy in
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Neurotrauma Mouse Model
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Blast-related vascular pathology
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The importance of systemic response in the pathobiology of
blast-induced neurotrauma

Ibolja Cernak*®

JOURNAL OF NEUROTRAUMA 31:1292-1304 (July 15, 2014)
© Mary Ann Liebert, Inc.
DOI: 10.1089/neu.2013.3016

Exposure of the Thorax to a Sublethal Blast
Wave Causes a Hydrodynamic Pulse That Leads

to Perivenular Inflammation in the Brain

J. Marc Simard,® Adam Pampori! Kaspar Keledjian! Cigdem Tosun, Gary Schwartzbauer,
Svetlana Ivanova, and Volodymyr Gerzanich'
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Vascular and inflammatory factors in the pathophysiology
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Single 74.5 kPa blast
exposure, sacrificed
24 hours later




Three 74.5 kPa
blast exposures,
sacrificed

24 hours later




Three 74.5 kPa
blast exposures,
sacrificed

24 hours later




Three 74.5 kPa
blast exposures,
sacrificed

24 hours later
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Blast exposure reduces glycocalyx
thickness in capillaries

Rats, 12 x 40 kPa blast exposures spaced over 2.5 weeks;
sacrificed 24 hours after last exposure

Striatum Corpus Callosum

Hippocampus Amygdala

ortex
: 3 { S 2
‘....". W, . Po. S ‘» .‘;‘
X K l 3} € ¢
R »h & iy y ¢
Control N X % | / _
e - : . 4" . o p $ ) u
RN il oL ok tu L
1 ; L P ?_




20% decrease in capillary glycocalyx
thickness
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Blast-related impairment
In Morris water maze
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Hyaluronidase infusion during blast exposure causes
glycocalyx thickening and improves MWZ performance

Glycocalyx thickness
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Chronic remodeling of
the extracellular matrix {
after blast exposure : N

-3 x 74.5 kPa blasts at
2 months age
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A vascular/inflammatory connection?

Chronic microglial activation
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Neurobehavioral
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