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Events following vascular trauma

Release of Damage Associated Molecular Patterns
(DAMPS)

Enhanced production and secretion of pro-inflammatory
cytokines

Loss of glycocalyx from endothelial cells (Kozar/Pati)

Increased permeabillity of endothelial monolayer
— Edema

ARDS/AKI



Examples of DAMPS

HMGB1

S100 family proteins
Histones

MtDNA*

Formylated peptides
Nuclear DNA



Pro-inflammatory cytokines
IL1a, 11113, IL6, IL8, TNFa
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Damage to the glycocalyx

o Affects luminal surface of the
endothelial cell (EC)

» Compromises the status of adherence
junctions (AJ) between the lateral
membranes of the capillary EC.



The release of DAMPs and shedding of the glycocalyx are
provoked not only by acute hemorrhagic trauma but also by

other physiological stressors such as cardiovascular surgery,
burns and sepsis



The shedding of gycocalyx follows the trauma-induced release of DAMPs
(Example: cardiac bypass)
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The shedding of glycocalyx takes place simultaneously with the increase of leukocyte count in circulation

Syndecan-1 WBC
— 8000- 30+
E ([
<= 6000-
> T T =
& 4000 . T s
T 2000  ea T S
< 1500 I X
o -
D 1000- T ‘ L
2 [}
S, 5001 O
n 0- - = - Iﬂ_.—l =
N
KR & @ &\*6 3 SR
N A o8

8. 250 O Syndecan-1

a @ WBC

S 200-

o

e}

- 150-

@

N

=5 100+

=

S 50-

c

o\o 0 T T T T T

IOQ 6\* Q)‘(\& b“(\\ Q)b‘
¢ L W v P
< o



* Tranexamic acid (TXA) is an
anti-fibrinolyic agent that
potentially improves outcome in
severe hemorrhagic trauma

« Bulk of data indicates that
mechanisms underlying
protective effect of TXA
transcend its anti-fibrinolytic
activity



Plasminogen
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Fibrinolysis (simplified) - Blue arrows denote simulation, red arrows inhibition



Trauma

DAMP molecules release

o _ Endothelium Loss of glycocalyx Release of cytokines
Fibrinolysis permeabilization
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What are the cell and molecular mechanisms underlying the
extensive protective effects of TXA in traumatic hemorrhage?



TXA inhibits lung injury and inflammation in hemorrhagic rats and suppresses the
activity of enzymes shedding glycocalyx in the gut (Peng et al., J of Trauma
and Acute Care Surgery, 2016)

TXA decreases the blood levels of proinflammatory cytokines in hemorrhagic rats
(Teng et al, Experimental Animals, 2018)

In the endothelial cell culture, TXA decreases the shedding of glycocalyx induced by
hydrogen peroxide and protects the integrity of the monolayer (Diebel et al, J of Trauma
and Acute Care Surgery, 2017,2018)



TXA suppresses the spontaneous release of mtDNA from granulocytes and endothelial cells
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TXA suppresses the release of endogenous mtDNA induced by exogenous mtDNA
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TXA suppresses the release of mtDNA from isolated platelets in vitro
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TXA inhibits the burn-induced release of mtDNA to the bloodstream of mice

p<0.0001
p<0.0001
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TXA suppresses the burn-induced infiltration of macrophages to the lungs of mice
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TXA protects endothelial monolayer from the damage induced by exogenous mtDNA

control mtDNA + TXA
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Seahorse study of metabolic activity in TXA-treated HUVEC
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OCR (pmol/min/ug)

TXA enhances mitochondrial respiration in endothelial cells. Seahorse study.
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TXA stimulates the activity of mitochondrial complex | in permeabilized endothelial cells.
Seahorse study.
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TXA enhances the mitochondrial spare respiratory capacity and ATP production

in the endothelial cells
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TXA increases the length of mitochondria (A) and suppresses mitophagy (B) in the
endothelial cells

Mitophagies: red structures in Figure B
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A study using the ActivSignal array demonstrates that in endothelial cells
TXA suppresses the level of the mitophagy pathway component SQSTM1 and
enhances the IGFRL1 activity known to stimulate the mitochondrial biogenesis
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TXA effects in rat burn injury model



Daily injections of TXA improve burn wound healing in rats
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nuclear DNA, fold of control

TXA injection to rats suppresses burn-induced release of nuclear DNA to bloodstream (A),
and expression of proinflammatory cytokines TNFa. (B) and IL1a (C) in liver.
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control
TXA suppresses burn-

induced capillary leakage
in rats
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A. Decrease of red blood ‘ & ‘ ’
cells leakage burn+TXA
_ p=0.01
B o 25-
"g O
O 2.0~
s
% 1.5~
B. Decrease of Evans Blue leakage 2 = S
oy A AlA 4
o 1.0- —_
§ A
2 0.57
(]
= 0.0 T T Y
AN
é§° & <¥?
i ? oé\x



Do proinflammatory effects of TXA depend on plasmin inhibition?



TXA suppresses LPS-induced TNFa expression in the livers of Plg heterozygous and Plg null mice

A. Plg heterozygous males B. Plg heterozygous females
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TXA suppresses LPS-induced IL1a expression in the hearts of Plg heterozygous and Plg null mice

A. Plg heterozygous males B. Plg heterozygous females
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What is the protein target(s) of TXA, besides plasmin?

We used the DARTS method that is based on mass-spectrometry
analysis of cell lysate proteins protected by a small ligand (TXA in our case)
from the degradation by pronase



Results of DARTS analysis of TXA protein
targets in endothelial cells

o Nucleoside diphosphatase kinase B
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Pyruvate kinase
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Pyruvate Kinase M2 Increases Angiogenesis, Neurogenesis,
and Functional Recovery Mediated by Upregulation of STAT3 and Focal
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progression of diabetic glomerular pathology and mitochondrial
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PKM2 released by neutrophils at wound site facilitates early
wound healing by promoting angiogenesis
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Department of Biology, Georgia State University, Atlanta, Georgia



TXA enhances pyruvate kinase activity in endothelial cells
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TEPP46, a potent activator of PKM2, suppresses the burn-induced vessel leakage in rat lungs
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Working hypothesis: by enhancing mitochondrial respiration, TXA suppresses the
trauma-induced DAMP release and metabolic stress, which results in the protection
of the endothelial monolayer and decrease of inflammation
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Conclusions:

1. TXA suppresses the release of such DAMPs as mtDNA and nuclear DNA in vitro and
in vivo
2. TXA protects the endothelial monolayer from damage
. TXA suppresses the burn-induced invasion of inflammatory cells to lungs
. TXA suppresses burn-induced edema
. TXA improves the healing of burn-induced wounds
. TXA enhances mitochondrial respiration
. TXA suppresses mitophagy and enhances mitochondrial biogenesis
. TXA-induced decrease of proinflammatory cytokines expression is not mediated
by plasmin inhibition
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Questions to be addressed/future plans:

1. Do protective effects of TXA in vitro and in vivo depend on mitochondria?

2. Does TXA enhance mitochondrial function directly by enhancing the expression
of mitochondrial proteins encoded in the nucleus?

4. What are the roles of individual TXA-binding proteins in its protective effects?
5. Can other chemical stimulators of the mitochondrial function be used in
trauma patients to improve their recovery?

6. Does TXAregulate the levels of metabolic stress markers (lactate, glucose,
succinate, ATP) in trauma?
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