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One more disclosure...
Highly relevant to THOR!
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Hemorrhage: Blood is best but...

We need more tools!

* Blood logistical challenges on battlefield, civilian emergencies

* High mortality (>40%) of hemorrhagic shock even with blood resuscitation

* Decreasing blood donation rates

Cl\/\N/\/CI
| Also, can we harness >100 years
of medical research since first
battlefield transfusions to develop
something new to treat
hemorrhagic shock???
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Hemorrhagic shock

Blood Failure, Metabolic Failure, Endothelial Failure

* Blood Failure:

» RBC & volume loss = decreased DO2 > anaerobic metabolism, lactic acidosis

» Plasma/PLT loss & consumption = decreased hemostatic function, bleeding
* Metabolic Failure:

» Mitochondrial dysfunction: shut down OXPHOS/ETC, increased ROS, decreased ATP, cell death
* Endothelial Failure:

» Loss of coagulation homeostasis = fibrinolysis, cellular activation, microvascular thrombosis

> Loss of barrier function > decreased BP, edema, inflammation, MOF



How about a blood substitute?

Are we finally getting there?
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Whole Blood Surrogate

1) Reconstitution
2) Characterization
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Aim 3
In vivo testing

In massive hemorrhage with induced dilutional
or traumatic coagulopathy rabbit model
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Shock Drug? Prolyl Hydroxylase inhibitors

Rapid adaptation to hypoxia through HIF stabilization

Improve Adaptation to Hypoxia

Prolyl Proteasomal
hydroxylation degradation
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Hypoxia

nobelproze.org

2019 Nobel Prize in Physiology/Medicine to William G. Kaelin Jr.
Sir Peter J. Ratcliffe
Gregg L. Semenza
for their discoveries of how cells sense and adapt to oxygen availability
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Treatment of lactic acidosis

Suhara T, et al, PNAS, 2015

Table 1. Characteristics of HIF-PH Inhibitors Under Development

Joharapurkar AA, et al, J Med Chem 2018

Daprodustat and Vadadustat approved in US for treatment of anemia in CKD.
Challenge: oral only, no IV; no development beyond anemia indication

Gieneric Name

Roxadustat
Vadadustat
Daprodustat

Molidustat

Investigational Name Sponsor Half-Life, h  Dosing Frequency  Investigational Status

FG-4592 FioroGen, Astellas, & AstraZeneca 12413 3x/wk Phase 3

AKB-6548 Akebia 45 Daiy Phase 3

(5K-12768863 GlaxoSmithKline 4 Daly Phase 2 (US)
Phase 3 (Japan|

BAY 85-3934 Bayer NA~ Daly Phase 2




PHDIi as a bridge to Blood

Mitigates lactic acidosis... and coagulopathy of trauma?

A _— B
P b i Survival Curve (60min)
e 100 '
= . T ﬁ 80 S
B P S P R E ) e . T w000 K
g | 70
— Tiesma —— PmmarThags = W D gl o Vikeole V) r 60
L Bicoo Revpa [ [omusrdransr : g 50 }
H-#.- =
v Jesil 3 ;: §
§ 20 R
10
0

0 10 20 30 4 S0 @
Minutes from Starting Hemorrhage

—ohicle e MIKL e MKH

C  Survival Curve (240min)

o0
»
80
70
ol b
soq £
-
1%
13
20
10
4]

SLPEPLPPLL PPN
Minutes from Starting Hemorrhage
== Vehcle == MKL == MKH

0 p—— £ Ghucoss PT(240min) D _
- 1 N - . L s o .
- - —— . Survivability % (live/dead) Vehicle MK-L MK-H
i *;I. | il '_;-'_
= —_—t , el 3: H | 60 min 18.75% (/16) 68.75% (1116)° 56.25% (9/16)*
o T § — v s ? _a
o . 1 =¥ 240 min 125% (2/16)  56.25% (9/16)° 56.25% (9/16)"
. 3 + 100 o= I v _T_
- ’ - i' e *. Significant difference compared 10 Vehicle
4 - E ' 160
2 am +
q r 1 q—|_|_|— T T
1] LF, | T d 123 e i Vahaols HE
T after Trassma (man| Time after Frau—a imn
- wm .I':. # '-'-H'-'.‘H i .I.:

dtientifc Reports | (202} 15357 | httgs: (idoi. org!10. 1038841 558- 07 6-5 594 5-w nature portfolio



Metabolic Failure in Hemorrhagic Shock

The final common pathway of cell death

Tt | Mol Sci 2025, 76, 1843 et Rith Batiint setiat of s



Mitochondrial therapies

Dysfunction by many pathways - combination therapy?

fmt. | Mol Sci 2025, 26, 1843



Pyruvate Dehydrogenase: gateway to TCA

NADH accumulation = PDH kinase: shutdown of TCA/ETC
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Shock Drug/Mitochondrial Therapies

State of the Science? Preclinical. Invest in clinical development!
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Adjuvant therapies for management
of hemorrhagic shock: a narrative review

Yann Dandel"™, Frédérigue Dufaur-Gaume', Amandine Vergnaud®, Manon Denis”, Louise Giaume®,
Bertrand Rozec”, Micolas Prat' and Benjamin Lauzier® Heruply ~ares
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Extracellular vesicles?

A variety of subcellular particles to sort out...

Endocytic

vesncle Microvesicles

Endolysosome

endosome
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EVs In trauma

EVs are part of the problem: hypercoagulability, inflammation

FIGURE 2. Summary of the in vivo and in vitro effects of postshock mesenteric lymph

extracellular vesicles.
FIGURE 1. Extracellular vesicles, a potential nidus to hemostasis. Following hemorrhagic shock, MLEVSs isolated during resuscitation were found to display
Subsequent to traumatic injury, tissue-factor-bearing extracellular vesicles trigger the CD63, EpCAM, HSP70, FasL., and MHC class II on their surface. In vitro, they were
clotting cascade via the extrinsic pathway. The loss of phosphatidylserine asymmetry allows shown to increase TNF- a and proinflammatory cytokines production from macrophages
it to act as a catalyst for activated factors Xa and Va, ultimately leading to thrombin (A). NFxB expression in monocytes (B), and the apoptosis of cultured dendritic cells (C).
generation and fibrin formation. “Created with BioRender.com.” While in vivo, their collective proinflammatory and endothelial effects result in a histologic

image of acute lung injury. Adapted from “Acute Respiratory Distress Syndrome (ARDS),”
J Lepkoc Biol. 2022 January 3 111{13: 93-111. dei:10.1002/JLE IMIRD621-208R . by BioRendercom (2021). Retrieved from https://app biorender.com/biorender-templates



Therapeutic EVs?

Challenges to development abound...

* Most promising results in TBl - decrease inflammation, stabilize BBB?
* Potential therapeutic effects on endothelium?

* Mechanism of action? Ligand binding? miRNA?

* Source of cells? How produced? How purified, formulated?

* Safety & off-target effects?

» This field is in its infancy.



2027 1S now

We need to ACCELERATE development of novel therapies!!!

* Penicillin (1928): only enough for 100 patients in
1942

» Widely available by 1943; saved perhaps 15%
casualties on D-Day, 1944

» If we want the ”"next penicillin” by 2027, we
need to get moving!
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