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Trauma-Induced Blood Failure
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— Hemostatic dysfunction
« Trauma-induced coagulopathy (TIC)

— Immune dysfunction
e Globhal inflammation = MODS

* Immune specific = increased risk of
Infection

— Endotheliopathy

« Glycocalyx and endothelial cell
damage biomarkers correlate with
mortality



Cold-Stored Platelets: Benefits

Damage Control Resuscitation — importance of platelets

Cold-stored platelet benefits
A hemostatic function in vitro
'V bacterial contamination

* A shelf life

« V¥V wastage and cost

Sparse in vivo evidence of hemostatic function — 1973 to Norwegian trial

Better understanding of potential multi-faceted effects of cold-stored platelet
transfusion



Cold-Stored Platelets: Function?

 More development and basic research re: cold-stored platelets
« Hemostatic: reductionist methodologies (no flow, single agonists)
 Immune and Endothelial: no methodologies
« Lack of translatability to in vivo function

e Microfluidic assays
 Flow (arterial and venous shear)
« Biological surfaces (collagen and tissue factor)



Shear Flow and Platelet Function and Hemostasis
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* Importance of flow

— Low Shear (venous) — coagulation proteins, difftusion-dominated - fibrin-rich clot
— High Shear (arterial) — VWF elongation, convection-dominated - platelet-rich thrombi

« How does cold storage of platelets alter their function in in vivo flow-
dependent physiologies?

Adapted from PMID:18703776



Platelets: Mediators of Hemostasis and Immune
Crosstalk

Dampening of inflammation
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« How does cold storage of platelets alter their function in In
VIVO Immune processes?

Shea, Thomas, Spinella, IN PRESS Adapted from PMID:27226790



Metabolism Informs Function

Metabolic activation
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Study Design and Objectives
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Aggregation, not Clot Formation, Is Impaired by

D10 of Cold Storage

Clot Formation
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Cold Storage Preserves Thrombin Potential
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Microfluidic Assays

£
- maanified view of microfluidic channel

P =
~ 7
v’
growing thrombus .
MICrOSCOPE gy’ CaMeEra gy COMPULET Nl

Fibrin(ogen) Von Willebrand Factor Merge

¢




Microfluidic Chamber Occlusion
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Occlusion Under Flow is Not Significantly
Different Between Storage Conditions
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n=5

Donor Variation Impacts Occlusion Time
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Hemostasis Summary

« Aggregometry assays deem cold stored platelets less effective by
day 10 of storage when compared to D2.

 CT Is preserved in viscoelastic assays, while CFT and MCF
Increase and decrease, respectively, over storage duration

» Cold storage preserves thrombin generation

« Microfluidic assays demonstrate cold-stored platelets are capable
of clot formation on collagen in an arterial flow setting up to 21
days of storage

« Both occlusion time and MPV are donor-dependent, and are
iInversely related

SMS



n=9

Time over Temperature, Imparts the Largest Impact
on Platelet Metabolism
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Cold Storage Augments CD62P/P-selectin
EXpression
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Platelet:Leukocyte Culture & Respiratory Burst

Flow Cytometry

Identify if stored
platelets:
* Induce respiratory

Neutrophils
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https://www.labome.com/method/Flow-Cytometry-A-Survey-and-the-Basics.html



Warm or Cold, Platelets Suppress Monocyte Burst

Monocvtes
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Platelet:Leukocyte Culture & Cytokine Induction

Luminex/
sl peves) AL Identify if platelets:
: * Induce cytokine
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Cold Storage Reduces Platelet-induced Cytokine
Production by Leukocytes
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Day 21 Cold Platelets Potently Induce IL-8 From
| eukocytes
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Immune Summary

« Cold storage for 21 days:
— D21 metabolic profile was significantly different
— Increased CD62P/P-selectin expression
— Increased myeloid degranulation upon co-culture
— Increased IL-8 production by leukocytes in the presence of LPS

* Long term cold storage modulates platelet:leukocyte interactions
In vitro



Concomitant Storage Modulation of Coagulation
and Immune Function

Platelet hemostatic function is maintained over the duration of cold storage
Cold storage modulates leukocyte function to exogenous stimuli

Inflection point between D5 and D10 in both hemostatic and metabolic data
— Tied to function (MPV vs OT; D21 metabolics and IL8 induction)
— Non-linear biological phenomena

Beneficial or deleterious?

cold platelets

Bl N

hyper-immune/ hypo-immune
hyper-coag hypo-coag
Precision Medicine
Application? A B C
Immunocompromised Severe Trauma

Bleeding Patients Hemorrhagic shock



Future Directions

« Use microfluidic bleeding chambers to test blood product efficacy
— Hemorrhage model and transfusion simulation

« Determine mechanisms by which cold stored platelets potentiate
Immune activation

« Endothelialize microfluidic chambers to start understanding the
Interplay between hemostatic, immune, and endothelial systems

aliminal space
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Cold Stored Platelets — Plasma vs. PAS

* Purpose:
* Minimize activation and fibrinogen

Table of Platelet Additive Solutions

New i 8 ’ Previous ISBT 128
. . T Citrate | Phosphate | Acetate | Magnesium | Potassium | Gluconate | Glucose Alternate Names Name
bl nd | ng PAS NS NS NS NS NS NS NS Not named
« Allow alternative uses for plasma PASK] X | X 3 PAS ) ek innernd
COl |eCted PASB | X X FASTI, :gi’lz' SsP, PASII
. . PASC| X X X CASHLERSS, PASIII
 Potentially reduces antibody T
mediated reactions PaSD | X X x x X RGPS | e
been cslled
. PASIIMgK)
o Recove ry and SurV|Va| Out PASE| X X X X X PAS IlIM, SSP+ Not named
PASF X X X X Plamuliyts 7 Not named
d Isoplate
to 7 days S I T I 0 : S

Source: Ringwsld, J.. Zmmemasan, R.. sand Eckstein, R: The New Generation of Pistelet Additive Solution for Storage st 22°C:

[ R e C e nt WO rk I d e n t Ifl e d Development and Cument Expenence, Transfusion Medicine Reviews, Vol 20, No 2 (Apni), 2006: pp 158-164.
citrate promotes lesion
formation

https://www.iccbba.org/tech-library/international-nomenclature/platelet-additive-solution-pas-3



Cold Stored Platelets — Plasma vs. PAS

Cold PLT Cold PLT Warm PLT Warm PLT
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Hemostasis Summary

Cold vs Warm Cold Over Time
Outcome Temperature Time Donor QOutcome Time Donor
EXTEM CT 0.181 0.369 0.200 EXTEM CT 0.295 0.938
EXTEM CFT 0.009 0.365 0.615 EXTEM CFT 0.002 0.009
EXTEM MCF 0.714 0.804 0.489 EXTEM MCF 0.000 0.702
EXTEM ALPHA 0.434 0.349 0.126 EXTEM ALPHA 0.062 0.024
EXTEM LI30 0.004 0.945 0.172 EXTEM LI30

INTEM CT 0.004 0.011 0.975 INTEM CT 0.247 0.025
INTEM CFT 0.001 0.735 0.213 INTEM CFT 0.000 0.082
INTEM MCF 0.085 0.558 0.340 INTEM MCF 0.000 0.565
INTEM ALPHA 0.402 0.263 0.117 INTEM ALPHA 0.041 0.001
INTEM LI30 0.317 0.317 0.160 INTEM LI30

ADP AUC 0.111 0.127 0.458 ADP AUC 0.013 0.436
TRAP AUC 0.429 0.653 0.718 TRAP AUC 0.005 0.978
COL AUC 0.266 0.623 0.119 COL AUC 0.015 0.208
Plt Count 0.501 0.468 0.924 Plt Count 0.014 0.376
MPV 0.014 0.251 0.013 MPV 0.215 0.026
FGN 0.121 0.089 0.305 FGN 0.947 0.002
oT | 0835 | 0374 | 0.098 oT | 0.306 | 0.008

SMS



Trends in Cold Storage
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Trauma: Resuscitation & Platelets

« Damage Control Resuscitation (DCR)

— Blood product transfusion and use of hemostatic
adjuncts to restore hemostasis and improve
oxygen delivery

— Platelets are a crucial component of hemostasis

— Increased platelet:red blood cell transfusion
ratios are associated with decreased mortality
(PROMMTT, PROPPR, and ACIT trials)

Platelet Inventory Issues — Room
Temperature Storage
— Limited shelf life (5 days, US)

— Required pathogen testing ($$$$ and time)

A
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=
= 0.25
& 0.20 P -0.01
=
- 0.15
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E .
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0.05
0.00 T r . T : :
0 1 2 3 4 5 6
Hours since randomization
B
0.35 -
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£ 0.30 1
=
= 0.25
oy P < 0.01
=
£ 0.20 A
=
= 0.15 -lr'r
=
= 0.10
2 5T
=
= 0.05 rr"'
0.00 T r . r . i
0 5 10 15 20 25 30

Days since randomization

PMID: 30030268; doi: 10.1182/bloodadvances.2018017699



Respiratory Burst
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Platelet Immune Function

Modulation of Innate/
Adaptive Inmunity

Antigen-specific

DC + TRIM (CD8+ Transfer of:
differentiation i o T cell inhibition) -Cytokines
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(PMP) release Platelet Metabolic Evaluation = #1-8

Platelet:Leukocyte co-culture
* Respiratory Burst = #8
* Degranulation = #5
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Protein
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Adapted from doi:10.4049/jimmunol.1500259
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Trapping
of bacteria
by platelets
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Platelet-expressed
selectins promote
neutrophil tethering

Damaged
endothelium

Activated platelets
produce cytokines
and chemokines and
promote neutrophil
activation

()
Cytokines and
chemokines

Selectin ligand

C Activated platelets promote
DC activation, which increases
antigen presentation to T cells

Adapted from PMID: 27313324 doi.org/10.1182/blood-2016-03-706168
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