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Post-injury platelet biology: what we know

= Platelet counts are normal
Platelets are activated

BUT

= Measured ex-vivo platelet aggregatory function is impaired

= AND.... clinical associations are variable
= AND... platelet impairments are not reversed with platelet
transfusion

=  Multiple pathways potentially contribute



Post-injury platelet biology: what we don’t know

Adaptive or maladaptive?

Defined biology explained by ex-vivo assays?

Requires treatment?

What is the treatment?
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The problems with studying platelet function

Highly sensitive

Highly sticky

Markedly diminutive

Subpopulations likely have different biology
Anucleate

Model systems are imperfect



A guide to molecular and functional investigations
of platelets to bridge basic and clinical sciences

Tarun Tyagi'®, Kanika Jain'¢, Sean X. Gu®"?, Miaoyun Qiw’, Vivian W. Gu', Hannah Melchinger©",
Henry Rinder?, Kathleen A. Martin', Elizabeth E. Gardiner©4, Alfred I. Lee’, Wai Ho Tang?
and John Hwa 15

NATURE CARDIOVASCULAR RESEARCH REVIEW ARTICLE

Table 4 | A concise guide to research approaches used to assess platelet properties

Platelet state Immature/young Resting Activated Apoptotic Defective Cell conjugates
Technique Flow cytometry Flow cytometry Flow cytometry  Flow cytometry Flow cytometry Flow cytometry
(reticulated platelets) Western blotting  Western blotting Western blotting Lumiaggregometry Confocal
Hematology analyzer Imaging (SEM, Aggregometry Spectroscopy ROTEM platelet microscopy
(Sysmex IPF, Abbott TEM) Imaging (SEM, Confocal microscopy PFA-100 Single-cell
retPLT) Phase-contrast/ TEM) aaFTedfale Vi morphometry
confocal ELISA Mass cytometry
microscopy PFA-100 mmunofluorescence Real-time
Proteomics Proteomics microfluidic
assays
Viass cytometry Intravital

Intravital imaging imaging



SCIENTIFIC REP{i;}RTS

Splicing of platelet resident

pre-mRNAs upon activation by

physiological stimuli results In
ey functionally relevant proteome
T modifications

Giovanni Nassa("?', Giorgio Giurato™?, Giovanni Cimmino?, Francesca Rizzo*, Maria Ravo’?,
Annamaria Salvati?, Tuula A. Nyman(*, Yafeng Zhu®, Mattias Vesterlund(°, Janne Lehtio°®,
Paolo Golino3, Alessandro Weisz! & Roberta Tarallo(?!



PHYSIOLOGIC
SIGNAL

Platelets
circulate with a
nique genetic code

Megakaryocytes transfer
personalized genetic code
into budding platelets

Selected

Schwertz et al (2006). J Exp Med

Weyrich et al. (2004) Semin Thromb Hemost
Nassa et al. (2018). Sci Re

Bray et al (2013). BMC Genomics

Rondina et al (2015). J Thromb Haemost
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Speed of biologic transitions

Biochemistry Neurophysiology § RNA Splicing

Circadian Healing and
Transcription Rhythms Repair
Initiation

Enzymology
Translation

Microseconds Milliseconds Seconds Minutes Fractions Fractions Years
to to of of
Minutes Hours a Day a Year



Methods

= Whole blood prospective collected
- Platelet aggregometry and rotational thromboelastometry
= Platelets isolated and stored in trizol

=  RNA Sequencing of platelet isolates
 RNA isolated (QlAamp RNA Blood Mini Kit)

« 5 nanograms of RNA per sample, random primer based
complementary DNA amplification

« Sequenced at high-read depth (100-400 mil reads/sample)

Fields AT, Lee MC, Mayer F, Santos YA, Bainton CMV,
Matthay ZA, Callcut RA, Mayer N, Cuschieri J, Kober KM,
Bainton RJ, Kornblith LZ. A new trauma frontier: Exploratory
pilot study of platelet transcriptomics in trauma patients. J
Trauma Acute Care Surg. 2022 Feb 1;92(2):313-322. PMID:
34738997



Platelet RNA: trauma v. healthy

= 49 platelet genes with differing abundance

Primarily mitochondrial

= 1188 splicing events across 691 platelet
genes (FDR <0.001)

Coagulation, platelet activation, wound healing

Immune responses, post-transcriptional gene
regulation, other signaling and cell physiology

Healthy Trauma
plt RNA plt RNA
splicing splicing

1 2 3 4 5 6 7 8 9 10 1" 12 13 14

Fields AT, Lee MC, Mayer F, Santos YA, Bainton CMV, Matthay
ZA, Callcut RA, Mayer N, Cuschieri J, Kober KM, Bainton RJ,
Kornblith LZ. A new trauma frontier: Exploratory pilot study of

platelet transcriptomics in trauma patients. J Trauma Acute Care

Surg. 2022 Feb 1;92(2):313-322. PMID: 34738997
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Fields AT, Lee MC, Mayer F, Santos YA, Bainton
CMV, Matthay ZA, Callcut RA, Mayer N, Cuschieri J,
Kober KM, Bainton RJ, Kornblith LZ. A new trauma
frontier: Exploratory pilot study of platelet
transcriptomics in trauma patients. J Trauma Acute
Care Surg. 2022 Feb 1;92(2):313-322. PMID:
34738997



Unique platelet transcriptome of trauma

= Unigue platelet transcriptome In trauma patients vs. healthy
donors

= Trauma platelet transcriptome
* Physiologic driven finetuning of platelet RNA
* Clusters trauma patients
« Clusters differ in platelet hemostatic responses

Fields AT, Lee MC, Mayer F, Santos YA, Bainton CMV, Matthay ZA,
Callcut RA, Mayer N, Cuschieri J, Kober KM, Bainton RJ, Kornblith
LZ. A new trauma frontier: Exploratory pilot study of platelet
transcriptomics in trauma patients. J Trauma Acute Care Surg. 2022
Feb 1;92(2):313-322. PMID: 34738997
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Circular RNA

Gene structure

MRNA isoforms
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biomarker regulation



Trauma patients v. healthy donors

RNA Expression RNA Splicing RNA Circles
FDR < .05 FDR < .001 FDR < .05
= O

49 1,189 650



# isoforms

4x104

B mRNA
B ncRNA
yal 1 circRNA

10"

CLR (log2)

Benoit P. Nicolet et al. RNA 2022;28:194-209



Total circular RNA increases in COVID-19

Circular : Total Aligned Reads Ratio
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Future

= Extensive methods of studying post-injury platelet
blology

In-vivo systems
« Microfluidics
« Cell culture
« Mitochondrial respiration
« Ultrastructure microscopy
 Platelet genomics

= What should a native platelet be doing?
=  What should a transfused platelet be doing?

WHAT NOW?

Bulk sequencing larger
number of platelet

PCR of candidate RNAs
Ribosome footprint
profiling

Westerns of protein
products

Inducing trauma genomic
signatures ex-vivo with
plasma treatments

Model systems: ex-vivo
CD34+ cell culture models,
KO and humanized
platelet murine models
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