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Abstract

BACKGROUND: The mechanisms of aberrant circulating platelet behavior following injury
remain unclear. Platelets retain megakaryocyte immature ribonucleic acid (RNA) splicing and
protein synthesis machinery to alter their functions based on physiologic signals. We sought to
identify fluctuating platelet-specific RNA transcripts in cell-free plasma (CFP) from traumatic
brain injury (TBI) patients as proof-of-concept for using RNA sequencing to improve our
understanding of postinjury platelet behavior. We hypothesized that we could identify differential
expression of activated platelet-specific spliced RNA transcripts from CFP of patients with
isolated severe fatal TBI (fTBI) compared with minimally injured trauma controls (t-controls),
filtered by healthy control (h-control) data sets.

METHODS: High-read depth RNA sequencing was applied to CFP from 10 patients with fTBI
(Abbreviated Injury Scale [AIS] for head =3, AIS for all other categories <3, and expired) and five
t-controls (Injury Severity Score <1, and survived). A publicly available CFP RNA sequencing
data set from 23 h-controls was used to determine the relative steady state of splice-form RNA
transcripts discoverable in CFP. Activated platelet-specific spliced RNA transcripts were derived
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from studies of ex vivo platelet activation and identified by splice junction presence greater than
1.5-fold or less than 0.67-fold ex vivo nonactivated platelet-specific RNA transcripts.

RESULTS: Forty-two differentially spliced activated platelet-specific RNA transcripts in 34
genes were altered in CFP from fTBI patients (both upregulated and downregulated).

CONCLUSION: We have discovered differentially expressed activated platelet-specific spliced
RNA transcripts present in CFP from isolated severe fTBI patients that are upregulated or
downregulated compared with minimally injured trauma controls. This proof-of-concept suggests
that a pool of immature platelet RNAs undergo splicing events after injury for presumed
modulation of platelet protein products involved in platelet function. This validates our exploration
of injury-induced platelet RNA transcript modulation as an ypstream “liquid biopsy” to identify
novel postinjury platelet biology and treatment targets for aberrant platelet behavior.

Keywords

Platelet activation; next generation sequencing; ribonucleic acid sequencing; cell-free plasma;
prespliced RNA complexes; dynamically regulated RNA splicing

Platelets are cardinal in vascular homeostasis via formation and breakdown of clot,
endothelial health, and immunoregulation.1=3 Given hemorrhage still accounts for the
majority of preventable deaths after injury,%° it is alarming that nearly half of trauma
patients exhibit ex vivo evidence of aberrant functional behavior in the activation and
aggregation of circulating platelets following injury.6.7 Specifically, despite increases in the
translocation of platelet activation surface markers following injury, platelet aggregatory
function has been shown to be impaired in both static aggregometry assays as well as shear
stress and flow enriched microfluidic environments.6=9 Clinically, injury patterns, such as
traumatic brain injury (TBI), characterized by a significant burden of damage to endothelial
rich vascular beds, have been found to have the strongest associations with increased platelet
activation yet impaired platelet aggregation.®7-10.11 However, these phenotypes of altered
postinjury platelet function have also been demonstrated in mildly injured cohorts,2
questioning whether these findings are physiologic or maladaptive.

To date, our understanding of postinjury platelet behavior has primarily relied upon ex vivo
identifications of downstream functional changes in platelet activation and aggregation
following tissue damage. Recent studies have exposed the possibility of multiple pathways
responsible for these downstream functional changes, including histone driven platelet
structural changes,3 impaired calcium signaling,13-14 and changes in the von-Willebrand
factor-platelet axis.1®> However, the upstream molecular regulators of these altered pathways
remain unknown. Importantly, platelets are known to retain immature ribonucleic acid
(RNA) transcripts and active RNA editing machinery from megakaryocyte progenitor cells.
16 Furthermore, physiologic stimuli and platelet activation lead to splicing of these immature
RNA transcripts to create functionally relevant proteins involved in platelet physiology.17-22
Accordingly, molecular technologies including RNA sequencing have been recently shown
to dynamically fine-tune measurements of platelet function in both health and disease.22-24
Consequently, elucidating changes in platelet-specific RNA transcripts may present a
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promising avenue for exposing upstream regulators of downstream functional changes in
postinjury platelet behavior.

Therefore, we sought to identify fluctuating platelet-specific RNA transcripts present in cell-
free plasma (CFP) from TBI patients as proof-of-concept for using RNA sequencing to
improve our understanding of postinjury platelet behavior. We hypothesized that by using
RNA sequencing of CFP, we could identify differential expression of activated platelet-
specific spliced RNA transcripts in patients with isolated severe fatal TBI (fTBI) compared
with minimally injured trauma controls (t-controls), filtered by healthy control (h-control)
data sets.

Patient Enroliment, Blood Specimen Collection, Sample Selection, Cohorts, CFP

Processing

Whole blood samples were prospectively collected on patients on arrival to the Emergency
Department at a Level | urban trauma center from 2005 to 2011 as part of a longitudinal
study (Activation of Coagulation and Inflammation after Trauma [ACIT]) evaluating
abnormalities of inflammation and coagulation after injury.6:25-27 Blood samples were
collected via initial placement of a 16G or larger peripheral IV in standard laboratory
vacuum-sealed tubes containing 3.2% (0.109 M) sodium citrate. The samples were
centrifuged for 10 minutes at 2960 relative centrifugal field at room temperature into
platelet-poor plasma. Platelet-poor plasma was aliquoted, and immediately placed into a
—-80°C freezer. Samples were collected prior to the patient receiving any blood product
transfusions; therefore, none were subject to any variation from transferred RNA.
Demographic, injury, clinical, and outcome data were prospectively collected. Patients were
retrospectively excluded if they were found to be on anticoagulant or antiplatelet
medications, or possessed a preexisting bleeding diathesis at the time of injury. The study
was approved by the University of California Committee on Human Research.

Sample selection from the described banked plasma samples was carefully performed prior
to RNA sequencing. Specifically, the 15 plasma samples sequenced were selected based on:
(1) confirmation of stable processing and storage protocols, (2) single freeze-thaw cycle, and
(3) an attempt to produce clinical homogeneity in an effort to limit as much injury
confounding as possible. The patients from which plasmas were selected are outlined in
Table 1, and their aggregate demographics and outcomes are outlined in Table 2. The
cohorts were determined based on the following:

Isolated Severe fTBI Cohort. Ten fTBI patients had CFP sequenced. Traumatic brain
injury was defined by clinical notes and chart review for imaging-identified
intracranial hemorrhage and confirmed with Abbreviated Injury Scale (AlS) head
score of 3 or greater. From this cohort, isolated severe fTBI was defined as AlS all
other categories score less than 3 and expired. Further, to be as confident as possible
that there was a breakdown of the blood-brain barrier for presumed discharge of
activated platelet-specific RNA into peripheral circulation, patients with penetrating
mechanisms of injury were preferentially chosen.
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Minimally Injured t-control Cohort. Five t-control patients had CFP sequenced. t-
Control was defined as Injury Severity Scores (ISS) of 1 or less, and survived.
Further, to be as confident as possible that these patients did not have significant
burdens of tissue injury, patients with little to no injury burden were chosen.

h-control Cohort. A publicly available data set of CFP RNA sequencing from 23
independent h-control patient samples was used for classification of organospecific
transcriptome enrichment to model transcript stability for identifying platelet-specific
genes in fTBI1.28

RNA Sequencing of CFP in Isolated Severe fTBI and Minimally Injured t-Control Cohorts

The RNA sequencing of banked CFP was performed. Total RNA was isolated from 400
microliters of CFP using RNAeasy Qiagen kits. Two hundred nanograms of total RNA per
sample was sent for random primer based complementary DNA amplification and
sequencing at high-read depth (~20 million reads per sample).28

RNA Sequencing Analyses

Pertinent FASTQ files were downloaded to a local server, aligned, and mapped using Star2
software at standard default settings, the Hg19 version of the human genome from UCSC
databases, and the Hg19 annotation format from the lllumina iGenomes database to produce
differential expression (raw counts) or sjout (splice-forms) outputs. To avoid sequence
mapping batch effects, all RNA sequencing data (including the publicly available data
sets?2:28) were mapped in an identical manner: mapped count normalized where appropriate,
and represented as fractional counts (Fragments Per Kilobase of transcript per Million
mapped reads [FPKM]) for gene filtering analysis. To determine if fluctuating platelet-
specific genes were detectible in the CFP of the fTBI patients that we sequenced from ACIT,
three publicly available RNA sequencing data sets?2:28:29 were used to create a biologically
plausible enriched data set of activated platelet-specific spliced RNA transcripts discoverable
in CFP from fTBI patients (Fig. 1A-D).

RNA Transcripts Discoverable in CFP (1427 RNA splice-form variant
transcripts, Fig. 1A): A publicly available data set from the CFP (conserved collection
and processing methodology to ACIT) of 23 h-control patient samples was used to
determine the relative steady state of splice-form RNA transcripts discoverable in CFP
(identified by presence of splice junctions, >25 counts/sample and read count stability
[average/SD > 1]).28

Nonactivated Platelet-Specific RNA Transcripts Discoverable in CFP (685
platelet-specific RNA transcripts, Fig. 1B): Platelet-specific RNA transcript lists were
derived from ex vivo nonactivated platelet RNA sequencing,?! and identified against whole
blood-specific genes?® to create a ranked list of nonactivated platelet-specific (i.e.,
organospecific) RNA transcripts discoverable in CFP.

Activated Platelet-Specific RNA Transcripts Discoverable in CFP (780
activated platelet-specific RNA splice-form variant transcripts, Fig.
1C): Activated platelet-specific spliced RNA transcript lists were derived from studies of ex
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vivo platelet activation with collagen or a thrombin analog (thrombin receptor activating
peptide).22 These were identified if they demonstrated an altered steady state in CFP, defined
by splice junction presence greater than 1.5 or less than 0.67 fold the ex vivo nonactivated
platelet-specific RNA transcripts.

Activated Platelet-Specific Spliced RNA Transcripts Discoverable in CFP from
Isolated Severe fTBI Patients (42 spliced RNA transcripts in 34 genes, Fig. 1D;
Table 3): RNA sequencing data from CFP of fTBI patients was filtered by activated
platelet-specific RNA transcripts discoverable in CFP. These genes were accepted if there is
greater than 1.5-fold change in transcript levels.

Clinical Data Analyses

RESULTS

Data are presented as mean (+ standard deviation), median (interquartile range), or
percentage. The standardized mean differences and 95% confidence intervals between t-
control and fTBI patients were calculated for continuous variables.

Due to the 60% rate of penetrating mechanisms in the fTBI cohort, 80% received
transfusions. All of the patients with fTBI were declared brain dead, and they expired early
after injury (26 median hours to death; Table 1 and Table 2). None of the t-control patients
received transfusions, developed organ failure, or required the ICU. All of the t-control
patients survived and were discharged with short hospital stays (Table 1 and Table 2).

A total of 42 differentially spliced activated platelet-specific RNA transcripts in 34 genes
were identified as altered in fTBI (Table 3). Fatal TBI patients had both upregulated and
downregulated activated platelet-specific RNA transcripts discovered in CFP (Table 3).
Figure 2 is a representation of activated platelet-specific RNA splicing events in fTBI using
F13A1 gene (encodes factor XIII, subunit “A”) as an example.

DISCUSSION

We have presented proof-of-concept that it is possible to leverage molecular gene
sequencing technologies to identify differential expression of activated platelet-specific
spliced RNA transcripts present in the CFP of patients with isolated severe fTBI. This
finding accelerates our trajectory toward identifying upstream molecular regulators of
aberrant postinjury platelet behavior using RNA sequencing.

The molecular technique of high-read depth RNA sequencing is in fact optimal for
addressing unsolved biologic dilemmas in the setting of injury because it is based on the
tenant that innate tissue damage leads to changes in the nucleic acids signatures of
circulating cellular components.3% Accordingly, there is tremendous equipoise to leverage
molecular technologies toward improving our understanding of complex biologic processes
in the setting of injury that are evidenced to be altered in ex vivo settings, representative of
the in vivo biology. As such, the biology of platelets in the setting of tissue damage is ideal
for applying this methodology. Although ex vivo aberrancy in postinjury platelet behavior

J Trauma Acute Care Surg. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kornblith et al.

Page 6

remains a consistent finding in trauma patients,®-831 the mechanisms and pathways
responsible for these findings remain largely unresolved, despite recent advances exposing
changes that occur in platelet structure, signaling, and immunoregulation.13-15.32-34 |
addition, a role for identifying differential platelet-specific genes has emerged in multiple
disease conditions outside the field of trauma, including for determining the mechanisms of
endothelial cell regulation in myocardial infarction,3® for understanding the pathogenesis of
essential thrombocytopenia,3® and for early diagnosis of malignancy.3’

This is because platelet protein synthesis is under transcriptional control and has been shown
to be responsive to external signaling and platelet activation. In fact, hemostatic protein
factor production by platelets increases in response to ex vivo activation.1” Though platelets
are subcellular in size (approximately 2-3 microns in diameter), they are extremely active
biologically. Furthermore, due to their size constraints combined with a need for multiple
protein products to perform tasks critical to vascular homeostasis and immune function,
platelets carry a transcriptome that can undergo maturation by splicing events during
activation, thereby resulting in accumulation of corresponding functional protein products as
part of an activation cascade.?2-24 This is of notable importance in the behavior of platelets
after injury, because multiple investigators have identified that platelets translocate and
expose platelet activation surface markers, consistent with morphologic evidence of platelet
activation via multiple surface receptor pathways.’14 Therefore, the ability to identify
differential gene expression upon platelet activation presents a promising avenue for
understanding platelet biology in a disease state, such as trauma, characterized by substantial
activation of circulating platelets.2?

The identification of RNA splicing events in circulating platelets induced by tissue damage
driven signaling offers a way to decode postinjury platelet biologic patterns. This is feasible
given the vast array of transcriptome data obtained through sequencing, that is highly
specific to physiology, and can be obtained at a low cost relative to the number of identified
genetic features.28 However, despite this benefit, our model is dependent on assumptions
concerning the discovery of splicing events of platelet-specific RNA transcripts in a cell-free
space. Specifically, to elucidate unique platelet-specific RNA splicing events, we created
three gene list filters: (i) RNA transcripts discoverable in CFP,27 (ii) platelet-specific RNA
transcripts from ex vivo nonactivated platelets,22 and (iii) platelet-specific RNA transcripts
from ex vivo activated platelets.2> From this, we were able to create a proof-of-concept
model of the intersection of physiologically driven platelet-specific RNA transcript splicing
events discoverable in a cell-free space. The vast majority of identified RNA transcripts were
highly ranked platelet-specific genes (top 10%), thus providing reassurance that platelet
gene uniqueness mostly correlated with high expression and discovery in CFP. Interestingly,
platelet-specific RNA splicing events were identified in the CFP of minimally injured
trauma control patients as well (data not shown), suggesting intriguingly that high degrees of
platelet activation may occur despite lesser burden of innate tissue damage than would be
expected with isolated severe fTBI.

We recognize several limitations of this study including that the sample size is small and the
data lacks power to calculate a false discovery rate. However, the intent of the study was not
to focus or make claim to discovery of specific genes, but rather to test a methodology that
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could be useful to identify physiologically driven differential gene expression in response to
tissue damage induced biologic changes. As in all blood-based studies of populations of
injured patients, the samples are derived from patients with different genetic backgrounds,
varying mechanisms of injury, and have undergone processing and storage, thereby allowing
for many unmeasured confounding factors.

However, we chose to only sequence samples that could be confirmed to have standardized
spin methods and single freeze thaw cycles. We then used clinical criteria to attempt to
produce homogenous cohorts. Due to these methodologic criteria, the samples chosen were
a minimum of 8 years old and a maximum of 14 years old and had been banked for other
purposes. These characteristics are likely to contribute to the potential for RNA degradation,
particularly because the samples were not obtained with the intent of studying RNA
expression, and an RNAse-free environment could not be ensured. Therefore, the potential
for RNA degradation must be taken into account when interpreting these data; however, the
large fold /ncreases in expression identified are not likely to be explained by degradation.

The isolated severe fTBI patients were chosen in an effort to ensure isolated injury to the
brain and to be as confident as possible that there was breakdown of the blood-brain barrier
for presumed discharge of activated platelet-specific RNA into peripheral circulation. This
was done by preferentially selecting patients with isolated severe fTBI from penetrating
mechanisms (60% of samples). Conversely, the minimally injured trauma control patients
were activated as trauma patients, but were found have no significant injuries (1SS scores of
0 or 1). We consider these patients “sick” controls because although they had alterations in
their physiology and potentially biology, they did not have clinical findings of significant
tissue injury and can be presumed to not have had significant breakdown of their blood brain
barrier. Furthermore, we used true “healthy” control data sets to filter the genomics data in
the model we created.

It should also be noted that there were intoxicated patients in both the fTBI cohort and the t-
control cohort. Although intoxication has effects on coagulation biology, it is also a risk
factor for general trauma and brain injury. In addition, the t-control and fTBI cohorts were
relatively matched in blood alcohol levels (median levels, 241 mg/dL vs. 212 mg/dL,
respectively). Finally, there is conflicting data regarding the in vivo and ex vivo effects of
alcohol on platelet function, but some studies suggest that alcohol may reduce the circulating
number of platelets and impair platelet hemostatic functions.38-40

Ultimately, we make no conclusions regarding clinical interpretations of our results, as the
sample sizes are small and the sample selection was solely to attempt to tightly control an in
vivo biology in a human model from samples previously collected. Ultimately, these cohorts
are likely not the “interest” populations to use this methodology on, and for this reason, we
made no hypotheses about associations of clinical characteristics or patient outcomes with
gene signatures, solely that platelet-specific gene signatures could be identified between an
injured and a noninjured population, in the plasma space.

Finally, the CFP genomic space is complex, containing highly degraded “free” RNA from
many cells, along with exosomes, bound RNA, and a large fraction of platelet-specific RNA.
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28 |n fact, by our estimation 2% to 40% of RNA in CFP is platelet-derived, thus, there is
abundant source material that could represent various states of platelet activation, renewal,
and degradation (data not shown). Our results suggest that there are species of RNA likely
derived from platelets, and following injury that they undergo extreme perturbations in
content and kind. However, it remains unknown what the origin of the platelet-specific RNA
transcripts in the CFP space are. Although the origin may be fragments of platelets or
discharged procoagulant and proinflammatory platelet contents, megakaryocytes and
leukocytes also have overlapping signatures with platelets. This biologic space is not only
unlikely to contain megakaryocytes or leukocytes in abundance but also cannot be presumed
to contain significant numbers of whole platelets and is, therefore, not the ideal sampling
space for elucidating the exact molecular basis of aberrant postinjury platelet biology.
However, we believe CFP is ideal for an initial proof-of-concept model because it is a
logistically feasible space to sample in patients.

In addition, our filtering methodology is supported by identification of biologically relevant
platelet-specific spliced gene variants in the cell-free space. As an example of the ability to
identify potentially biologically relevant changes, the identification of fold changes in the
RNA transcript that encodes factor X111 subunit A (F13A1, Table 3, Fig. 2) in CFP in the
setting of isolated severe fTBI is likely biologically relevant and may prove itself to be an
important finding and a potential molecular target.4? It is known that factor Xl is a
heterotetramer that consists of two catalytic “A” subunits and two noncatalytic “B” subunits,
and the interaction of these subunits is critical for hemostasis via stabilizing crosslinked
fibrin from degradation by fibrinolytic machinery.#2 Notably, the “A” subunits are encoded
by the F13A1 gene are synthesized in megakaryocytes, exist in the cytoplasm of platelets,
and factor X111 “A” subunit genetic deficiencies cause bleeding diatheses. Moreover,
recombinant factor X111 “A,” is used as a substitution therapy in factor XI111-A deficiencies.
42-44 Therefore, the discovery of a 25-fold decrease of the RNA transcript variant of this
critical platelet-specific (47th highest ranked platelet gene out of 26,364 annotated genes)
hemostatic protein in the CFP of isolated severe fTBI compared with minimally injured
trauma controls could prove itself to be relevant in the future.

We can now apply this methodology to isolated platelets from injured patients,
prospectively, with control over enrollment, collection, and processing, and in combination
with assays of platelet physiology. With this, we will be able to identify if the signature
patterns in the CFP are truly from platelets/platelet-derived contents versus from
megakaryocytes or leukocyte lineages. Ultimately, if platelet-specific genes associated with
functional changes in postinjury platelet behavior successfully overlap to what can be
identified in the cell-free space, it could support development of innovative and precise
point-of-care diagnostics. This type of “liquid biopsy” could be useful for the purpose of
identifying postinjury biologic alterations, guiding molecularly targeted treatments, and
improving overall outcomes in injured patients. Overall, we recognize that to further
interpret platelet-specific gene patterns in injury, we will require larger and more varied
RNA sequencing from CFP samples, and importantly from isolated platelets paralleled with
simultaneously measured platelet physiology.
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CONCLUSION AND FUTURE DIRECTIONS

Until now, the fluctuating platelet-specific RNA transcriptome has not been characterized in
the setting of injury. Using high-read depth RNA sequencing, we have identified a list of 42
differentially spliced platelet-specific RNA transcripts in the CFP from patients with isolated
severe fTBI. This novel proof-of-concept finding may indicate that a pool of resident platelet
immature RNAs undergo madifications, including splicing events for presumed modulation
of platelet protein expression involved in platelet function after injury. Much work remains
as we learn about the discovery of platelet-specific genes in the CFP space and its relevance
to postinjury platelet behavior. Yet, the finding that activated platelet-specific spliced RNA
transcripts are present supports our focus on injury-induced platelet RNA transcript
modulation and may ultimately form the foundation of “liquid biopsy” to identify treatment
targets for aberrant postinjury platelet behavior. This is a first step in establishing a genomic
road map for more precise gene sequencing experiments on isolated platelets. Ultimately,
applying sequencing techniques to improve our understanding of the molecular basis of
altered postinjury platelet physiology may allow for improved targeted therapies for trauma-
induced coagulopathy and associated hemorrhage, organ failure, and death.
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DISCUSSION

MARTIN SCHREIBER, M.D. (Portland, Oregon): Karen Brasel told me not to thank
anyone or compliment anyone, because it takes too much time, so I’ll just get right into it.

The authors compared specific RNA expression on admission in cell free plasma between
ten patients with isolated head injury who died and five control patients with an ISS less
than or equal to one.

Twenty-three human controls defined platelet specific RNA. The authors show
substantial changes in RNA expression in TBI patients compared to the controls.

The samples in this study are a minimum of eight years old and a maximum of 14 years
old. How are the samples managed from the time of blood draw, and how long until
processing?

Was this consistently the same? Have they been previously thawed and frozen? Could the
age of the samples and thawing and refreezing affect the results of the study?

RNA is very unstable and begins degrading immediately, so management of the samples
is critical, and these samples were not obtained with the intention of studying RNA
expression, so an RNaAse-free environment was not insured, meaning a significant
degradation of samples could have occurred as samples were procured and processed.
Please comment.

All the isolated TBI patients died. Did they die from TBI, or did they die from
comorbidities that might affect the results of the study?

Sixty percent of the isolated TBI patients suffered penetrating trauma, which is not
generally representative of civilian TBI.

If the causes of death were not modifiable, was this the best patient population to study
because examination of RNA expression would presumably result in a change in
management that would improve outcomes?

How were these 15 patients chosen of the many possible patients eligible over the six
years where blood was obtained?

Why did 80 percent of isolated TBI patients require a blood transfusion? Substantial
bleeding is not generally a major characteristic of isolated TBI.

Why did the control group with ISS less than or equal to one have a mean PH of 7.2?
These are essentially non-injured patients. It is not clear to me how this information will
affect the clinical care of TBI patients. What will we do with this information, and how
will it affect management?

Fundamentally, the authors show that RNA expression of patient-specific RNA changes
in moribund TBI patients, but are the data accurate, and are the data actionable? Thank
you.

SCOTT C. BRAKENRIDGE, M.D. (Gainesville, Florida): Super exciting work, and |
understand Dr. Schreiber’s sampling concerns, but | want to ask you a theoretical
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question instead, which is what exactly are you going to be measuring? The traditional
thought is that platelets are not transcriptionally active, are these differences in expression
within megakaryocytes before the platelets are produced and that’s what you’re
measuring, or are these splice variants in the platelets afterwards? What is this going to
assess? Exciting and important work.

MATTHEW KUTCHER, M.D. (Jackson, Mississippi): Wonderful work, again, from
some leaders in the field in this. | wonder, just in dealing with the activated platelet
transcripts that you used to select your RNA transcription, kind of splice variants of
interest, what did you use, what was used to activate platelets in that circumstance? Was
it a specific agonist; were there multiple agonists tried? Thank you.

LUCY Z. KORNBLITH, M.D. (San Francisco, California): Thank you. Thank you,
Dr. Schreiber, for your thoughtful comments, and for sharing the discussion with me
ahead of time.

I’m going to address your questions on how the samples were managed, specifics of
isolation and storage, and about patient selection altogether.

So, the samples were immediately centrifuged at 2960 RCF for ten minutes. This is
consistent across all the samples, because they all came from this longitudinal study with
a stable processing and storage protocol; and it’s consistent with how the plasma was
processed for the healthy control dataset as well.

Now, the 15 samples included were chosen very purposefully. First, | chose the ten TBI
patients and the five controls over such a lengthy time period that you pointed out,
because I was choosing from plasma that had been banked for prior purposes; therefore,
in order to be strict with criteria about which plasma was appropriate | chose only those
that I could confirm correct collection and spin methodology, single freeze-thaw cycles,
and fit the strict clinical criteria | was looking for to produce as homogenous a population
as | could in a human study, which brings me to your question about clinical
characteristics.

So, for the TBI patients, | did not choose them to mimic civilian injured populations, but
rather so that | could produce homogeneity, which was important in an effort to try and
limit as much injury confounding as possible.

So, who were these patients? They were patients in which I thought that there was
discharge of activated platelet specific RNA into peripheral circulation-isolated fatal
brain injury primarily from penetrating trauma to the head, to be as sure as possible that
there was breakdown of the blood-brain barrier.

These were fatal injuries, and 80 percent of them received transfusion due to the
predominance of penetrating mechanism.

And then for the uninjured population with the PH of 7.2, based on my chart review |
think most of this was due to intoxication and concomitant dehydration. To ensure
homogeneity in this group as well, these patients all had an ISS score of 0 or 1 and no
significant injuries.
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Ultimately, these aren’t the cohorts that are going to necessarily matter as the interest
populations. They were chosen for those characteristics that | mentioned.

And for this reason, we really made no hypothesis about associations with the gene
signatures and anything clinically.

And in the future, to address Dr. Brakenridge’s and Dr. Kutcher’s questions together,
what is going to be important is doing this in isolated platelets, which is underway
currently. The activators we use are ADP, collagen, and thrombin, as well as trauma
patient plasma.

And finally, to answer the question about transcription, we are currently focused on post-
transcriptional changes in circulating platelets via splicing. They do not have a nucleus,
but they have RNA machinery and prior to mRNA translation, there is a process of
differential inclusion or exclusion of regions of pre-mRNA, allowing them to alter their
translational products to produce various proteins associated with their needed
physiology.

Thank you.
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Figurel.
(Panels A-D). Filtering and validating methodology to identify activated platelet-specific

spliced RNA transcripts discovered in CFP from isolated severe fatal traumatic brain injury
patients. Publicly available RNA sequencing data sets?2:28:29 were used to generate lists of
activated platelet-specific spliced RNA transcripts discoverable in CFP and applied to
isolated severe fTBI patient CFP sequencing data. Panel A: RNA transcripts discoverable in
CFP (1427 RNA splice-form variant transcripts). Panel B: nonactivated platelet-specific
RNA transcripts discoverable in CFP (685 platelet-specific RNA transcripts). Panel C:
activated platelet-specific RNA transcripts discoverable in CFP (780 activated platelet-
specific RNA splice-form variant transcripts). Panel D: activated platelet-specific spliced
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RNA transcripts discoverable in CFP from isolated severe fTBI patients (42 spliced RNA
transcripts in 34 genes).

J Trauma Acute Care Surg. Author manuscript; available in PMC 2021 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Kornblith et al.

Intron Exon

5,7\ v |

Page 18

4 | N
1 | N

Figure 2.

Activated platelet-specific RNA splicing events in isolated severe fTBI visualized using
F13A1 gene (encodes Factor X111 Subunit “A”) as a representative example. Differentially
discovered splice junctions were used to query the hg19 genome assembly in the University
of California at Santa Cruz Genome Browser. Horizontal bars are representing introns and
vertical bars are representing exon junctions (not to scale). Numeric decrease (V) represents
the fold change of F13A1 spliced RNA transcript discovered in isolated severe fTBI vs.
minimally injured t-control. UTR, untranslated'region. 5 and 3" ends noted accordingly.
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Aggregate Demographics/Outcomes for Minimally Injured t-Controls and Isolated Severe fTBI Patients
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t-Control (n=5) fTBI (n=10) SMD (95% CI)
Age, y 26 (24-27) 25 (20-36) >0.1 (-1.1-1.1)
Male 100% 90% N/A
Body mass index, kg/m? 24 +/-1 26 +/-3 0.4 (-1.2-1.9)
Blunt mechanism 60% 40% N/A
1SS 1(1-1) 26 (26-30)  17.5(10.8-24.2)
Presentation Glasgow Coma Scale 14 (13-15) 3(3-3) -5.8 (-8.3-3.3)
Isolated Severe fTBI 0% 100% N/A
Prehospital crystalloid volume (mL) 100 (100-400) 200 (50-400) -0.3(-1.6-1.1)
Presentation temperature (°) 36.8+0.4 3B.1+11 -1.6 (-3.0--0.1)
Presentation pH 72+0.2 72+0.2 -0.1(-1.4-1.2)
Presentation international normalized ratio 1.1 (1-1.1) 1.2 (1.1-1.3) 0.8 (-0.3-1.9)
Presentation prothrombin time (sec) 28+ 6 39+16 0.9 (-0.25-2.0)
Presentation platelet count (x 10%/L) 274 (202-347) 257 (218-286) —0.5(-1.6-0.6)
Presentation blood alcohol level (mg/dL) 241 (10-471) 212 (0-293) <-0.1(-1.8-1.8)
Transfused in 24 h 0% 80% N/A
Total hospital days 1(1-2) 2 (2-2) 0.88 (~0.25-2.0)
Total ICU days (to 28 days) 0 (0-0) 2(2-2) 29(1.3-4.4)
Ventilator-free days (to 28 days) 28 (28-28) 0 (0-0) N/A
Acute respiratory distress syndrome 0% 40% N/A
Multi-organ failure 0% 0% N/A
Mortality at discharge 0% 100% N/A
Hours to death N/A 26 (17-38) N/A

*

Patient demographics for the 15 patients. Data are mean + SD, median (interquartile range), or percentage. The SMD and 95% CI between t-
control and fTBI patients were calculated for continuous variables. Data for skewed variables reported as median with inter-quartile ranges.
Ventilator-free days are counted for the first 28 days of hospitalization. Patients who expired received 0 ventilator-free days.

SMD, standardized mean difference; 95% confidence intervals, 95% CI.
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