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Supplemental Methods 

 

Platelet-platelet aggregation in PRP 

Immediately prior to aggregation assays (t=0), platelet counts in PRP were estimated by flow 

cytometry and then normalized to 5 x 107 platelets/ml by diluting PRP into matched PPP. To 

enumerate platelets, a 50 μl aliquot of each unstained PRP sample was mixed with 950 μl of PBS 

and 10 μl of CountBright Absolute Counting Beads (Thermo Fisher Scientific # C36950), and 

analyzed on a BD FACSymphony instrument, as detailed below. Platelet concentration was 

calculated based on the number of bead events and platelet events per 1 min acquisition, the 

known bead concentration and the dilution factor of PRP. Platelet aggregation was assessed 

through spectrophotometric measurements of PRP turbidity as previously described [1]. In brief, 

90 µl of PRP was transferred into triplicate wells of clear/flat-bottom 96-well plates, followed by 

addition of 10 μl of control buffer (PBS) or 10 μl of platelet agonist (20 μM TRAP6 or 10 μg/ml 

of crosslinked collagen-related peptide CRP-XL). Plates were immediately loaded in a TECAN 

Spark 20M microplate reader and monitored in real time at 37oC for changes in absorbance at 

650 nm, over 30 min (20 cycles), with gentle orbital shaking preceding each cycle. The percent 

platelet aggregation (or % light transmission) was assessed as a decrease in absorbance (increase 

in light transmission) over time, where the initial PRP absorbance was considered as 0% 

aggregation and the absorbance of PPP control samples as 100% aggregation at each cycle.  

 

Complete blood counts 

Erythrocyte count, leukocyte count, platelet count, mean platelet volume (MPV) and other 

parameters were determined in differentially anticoagulated blood samples from three donors, 

approximately 1 h after blood draw. Hematology assays were carried out by CLIA-certified 

OHSU Laboratory Services. Raw platelet counts in blood from ACD and NaCit tubes were 

adjusted for anticoagulant dilution before data analysis. The plateletcrit (PCT) was calculated by 

multiplying the platelet count by MPV. 
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Flow cytometry analysis of platelet activation and monocyte-platelet aggregation 

Anticoagulated blood (5 µl) from each time point were transferred into 5 ml Falcon tubes 

containing 85 μl of HEPES/Tyrode (H-T) buffer (129 mM NaCl, 20 mM HEPES, 12 mM 

NaHCO3, 2.9 mM KCl, 1 mM MgCl2, 0.34 mM Na2HPO4•12H2O and 5 mM D-glucose, pH 7.3) 

and 10 μl antibody cocktail, to a final volume of 100 μl. Antibodies used for different cocktails 

included CD41a-BV421 (HIP8, Biolegend #303730), CD62P-APC (AK4, Biolegend #304910), 

CD45-BUV395 (HI30, BD #563792), CD14-PE-Cy7 (M5E2, BD #557742), CD63-AF647 

(H5C6, Biolegend #353016) and CD61-AF647 (VI-PL2, BioLegend # 336408), each at a 1:40 

final dilution. The reaction mix was incubated for 15 min (rt, 200 rpm). Stained samples were 

then fixed in 1% paraformaldehyde (PFA) and diluted in for flow cytometry analysis. 

CountBright Absolute Counting Beads (10 μl of stock with known concentration) were added to 

the solution before analysis on a BD FACSymphony instrument equipped with 200 mW 405 nm, 

488 nm, 561 nm, and 640 nm lasers. The flow cytometer was calibrated daily with CS&T beads 

(BD #656505) to ensure proper laser alignment and instrument performance. The trigger 

threshold was set at 200 (FSC), window extension at 10, and total acquisition time of 150 s at 

low pressure. Compensation was performed using OneComp eBeads (Thermo # 01-1111-42) 

stained with the same antibodies as test samples. A platelet activation positive control sample 

was included by adding the agonist TRAP6 during blood staining at a final concentration of 10 

μM. Gating schemes for platelets (CD41a+), monocyte platelet aggregates 

(CD45+CD14+CD41a+), P-selectin positive platelets (CD41a+CD62P+, α-granule secretion), 

CD63-positive platelets (CD41a+CD63+, dense granule secretion) are shown in S. Fig. S3A.  

 

Nanoscale flow cytometry analysis of platelet extracellular vesicle release 

Prior to analyzing the anticoagulant-induced release of extracellular vesicles (EVs) from 

platelets, instrument and assay optimization was performed to enable reproducible detection and 

quantification of nanoscale (50-1000 nm), membrane-enclosed (detergent-labile) events with 

minimal coincidence, optimal signal-to-noise separation and low background fluorescence (S. 

Fig. S4A-G). With the optimized conditions, platelet-derived EVs (defined herein as 

CD41a+CD9+), were analyzed in 2,500 × g -spun PPP prepared from blood anticoagulated with 

ACD, NaCit, EDTA and heparin for 1, 2, 3, 5, 9, 24, 48 and 120 h. The PPP samples (pre-diluted 
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1/10 in 0.1 μm-filtered PBS) and antibodies (CD41a-BV421 – HIP8, Biolegend #303730; and 

CD9-PE – HI9a, Biolegend #312105, also prediluted 1/10 in filtered PBS) were combined at a 

ratio of 9 µl:1 μl and incubated overnight (4oC, 200 rpm). Stained samples were further diluted in 

filtered PBS before analysis on a BD FACSymphony instrument equipped with a High 

Throughput Sampler (HTS) system for auto-sampling of all test samples from a 96-well plate. 

The concentration of CD41a+CD9+ platelet EVs in each PPP sample was estimated based on the 

number of events acquired in 60s, the acquisition flow rate (1 μl/s) and the total PPP dilution 

factor including additional adjustments for dilution of blood in liquid citrated anticoagulants. 

 

Western blotting 

Platelets were lysed in Laemmli buffer with 0.2M DTT, separated by SDS-PAGE and transferred 

onto PVDF membranes. After blocking in 5% BSA, membranes were probed with primary 

antibodies overnight at 4oC, washed with TBS-T and incubated with corresponding secondary 

antibodies. Blots were developed and digitally scanned as previously described [2]. Primary 

antibodies included FCN3 (R&D Systems, MAB2367), C1R (Invitrogen/ThermoFisher, PA5-

28028), MPO (R&D Systems, AF3667), and α-tubulin (Sigma, T6199). 

 

Multiplex plasma protein profiling by Luminex assay 

A custom premixed Luminex multianalyte kit (R&D Systems) was used to measure proteins in 

plasma, including PPBP, PF4, SPARC, SERPINE1, RANTES, VEGFC, TIMP1 and MPO. In 

brief, PPP and kit standards were incubated with an antibody-coated magnetic microparticle 

cocktail for 2 h at rt. After washing the microparticles on a microplate magnet, a biotin-antibody 

cocktail was added for 1 h followed by more wash cycles and incubation in streptavidin-PE for 

30 min. The microparticles were washed again and resuspended in 100 µl of wash buffer and 

read on a Luminex 200 system. The instrument was programmed to read 50 microparticle counts 

per analyte region, with a doublet discriminator gate setting of 8,000-16,500. Blank median 

fluorescence intensity (MFI) values were subtracted from sample MFIs and plasma 

concentrations in pg/ml were calculated using five-parameter logistic (5-PL) standard curves. 
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Concentrations were adjusted for plasma pre-dilution in buffer (1/125 for PF4 and 1/5 for other 

analytes) and in liquid anticoagulant (only for citrated anticoagulants).      

 

Flow cytometry-based detection of NET products on platelets 

Sequestration of neutrophil extracellular trap (NET) components by blood platelets in 

heparinized blood was verified by a flow cytometry assay that employs a membrane-

impermeable DNA-binding dye (SYTOX) and anti-myeloperoxidase (MPO) antibodies [3]. To 

examine anticoagulant-induced NET formation in vitro, 7.5 µl of whole blood was stained with 2 

µl CD45-BUV395 (HI30, BD #563792), 2 µl CD66B-BV421 (6/40c BioLegend # 392915), 1 µl 

MPO-APC (Abcam, #ab225476) and 5nM SYTOX Green (ThermoFisher Scientific # S7020) in 

H-T buffer (total reaction mix = 100 µl) for 30 min at rt. Stained samples were fixed as above, 

further diluted to 500 µl and analyzed on a BD FACSymphony. Another assay was performed 

but replacing the anti-MPO-APC antibody with the anti-neutrophil elastase (ELA2 or ELANE)-

AF647 anybody. In both cases, neutrophils were gated by co-expression of CD45 and CD66B. 

The degree of NET formation was defined as the percent of CD45+CD66B+ cells that were 

positive for both MPO and SYTOX-Green or ELANE and SYTOX-Green respectively. Similar 

assays were performed for platelets using 30 µl of PRP and replacing the CD66B-BV421 

antibody with CD41a-BV421 (HIP8, Biolegend #303730). Pure platelet populations were 

confirmed by SSC/CD41 gating before assessing for SYTOX-Green/MPO or SYTOX-

Green/ELANE co-signals.     

 

TMT labelling 

Two sets of 11-plex Tandem Mass Tag (TMT) isobaric reagents (ThermoFisher Scientific) were 

used to label 18 platelet peptide samples (3 donors × 3 anticoagulants [NaCit+ACD, EDTA, 

Heparin] × 2 time points [1 h and 24 h]) and 4 technical replicates of internal reference standard 

(IRS) peptides. The reference standard was made by pooling equal amounts of peptides from all 

18 individual samples and dividing into 4 technical replicates as previously described [4-6]. 

Next, 20 µg of peptide/sample or pooled standard were distributed into channels of TMT-11plex 

1 (1 h samples ´ 9 + 2 pooled reference standards) and TMT-11plex 2 (24 h samples ´ 9 + 2 
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reference standards). A preliminary 2 h LC-MS/MS run on an Orbitrap Fusion instrument was 

performed to check for labelling efficiency and to normalize total reporter ion intensities across 

channels in each 11-plex. The normalization factors were used to determine the volume ratios 

needed to constitute a 50 µg mix of each plex in preparation for LC-MS/MS.  

 

LC-MS/MS and data analysis 

Each volume-normalized TMT plex mix was quenched in hydroxylamine (0.5% final), incubated 

at rt for 15 min and dried in a speedvac. Dried samples were dissolved in 60 µl of 10 mM 

ammonium formate (pH 9), vortexed for 1 minute, incubated at 37oC for 15 min, centrifuged for 

2 min and transferred to autosampler tubes. The samples were injected and fractionated (online 

RP-RP) into 18 fractions per TMT plex (14%, 17%, 20%, 21%, 22%, 23%, 24%, 25%, 26%, 

27%, 28%, 29%, 30%, 35%, 40%, 45%, 50%, 90% ACN with 10 mM ammonium formate pH 

10) before mass spectrometry in the Orbitrap Fusion Tribrid mass spectrometer. MS2 scans were 

performed after collision-induced dissociation (CID) to select fragment ions and higher energy 

dissociation (HCD) was used to generate reporter ions. A high resolution MS3 scan was used to 

measure reporter ion height. Data was processed using COMET/PAW pipeline [7, 8] against 

Uniprot human database and EdgeR to determine the number of unique proteins detected and 

evaluate proteome changes. The two TMT plexes were combined by internal reference scaling 

(IRS) using the duplicate reference peptide channels in each plex to enable plex-to-plex relative 

quantification. The IRS-normalized data was subject to trimmed mean of M values (TMM) 

normalization to address any sample composition bias. The mass spectrometry proteomics data, 

Jupyter notebooks, R scripts and other resources are publicly available through the 

ProteomeXchange Consortium via the PRIDE [9] partner repository with the dataset identifier 

PXD030225. Data analysis and visualization was also carried out using the START app [10], 

hosted by Shiny at https://kcvi.shinyapps.io/STARTapp_846/ Gene ontology (GO) and 

Reactome pathway analyses were carried out in STRING (v11.5) and visualized with Cytoscape 

(v3.8). 
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Supplemental Tables 

Supplemental Table S1. Complete Blood Count (CBC) 

CBC Parameter Donor Anticoagulant (1 hour) ANOVA 
(Friedman) Significant 

comparisons ACD NaCit EDTA Heparin 
Platelets,  
x103/µl 
[NR = 150-450]  

D1 340 268 345 113 p = 0.002 Heparin< 
EDTA D2 219 196 282 144 

D3 179 149 198 88 
Mean Platelet 
Volume (MPV), fL 
[NR = 9.7-12.3] 

D1 8.5 10 9.8 10 p = 0.004 ACD< 
Heparin. 

ACD<EDTA D2 8.1 8.9 9 10.1 
D3 10.1 10.5 11.5 12.3 

White Blood Cells,  
x103/µl 
[NR = 3.5-10.8] 

D1 5.28 5.25 5.15 5.23 ns n/a 
D2 5.98 6.62 6.22 6.07 
D3 4.78 5.18 4.94 4.75 

Lymphocytes,  
x103/µl  
[NR = 1.0-4.8] 

D1 1.34 1.35 1.37 1.3 ns n/a 
D2 2 2.25 2.02 2.08 
D3 1.81 1.96 1.87 1.82 

Monocytes,  
x103/µl  
[NR = 0.1-0.9] 

D1 0.3 0.29 0.26 0.28 ns n/a 
D2 0.48 0.51 0.48 0.42 
D3 0.51 0.49 0.5 0.43 

Neutrophil,  
x103/µl 
[NR = 1.8-7.7] 

D1 3.53 3.5 3.43 3.53 ns n/a 
D2 3.25 3.51 3.41 3.24 
D3 2.3 2.54 2.38 2.34 

Eosinophils,  
x103/µl 
[NR = 0.0-0.5] 

D1 0.05 0.04 0.04 0.05 ns n/a 
D2 0.2 0.24 0.24 0.24 
D3 0.11 0.13 0.12 0.1 

Basophils,  
x103/µl 
[NR = 0.0-0.1] 

D1 0.05 0.06 0.04 0.06 ns n/a 
D2 0.05 0.07 0.06 0.07 
D3 0.04 0.04 0.06 0.05 

Red Blood Cells,  
x106/µl 
[NR = 4.5-6.0] 

D1 4.16 4.14 4.23 4.23 ns n/a 
D2 5.33 5.38 5.36 5.41 
D3 5.2 5.25 5.24 5.32 

Mean Corpuscular 
Volume (MCV), fL 
[NR = 80-100] 

D1 106.9 96 95.7 93.1 p = 0.009 NaCit< 
ACD D2 93.9 85.6 86 84.3 

D3 99.3 90.3 91 88.3 
 

Supplemental Table S2 “Mass spectrometry quantitation, normalization, and analysis” is 
provided as a separate, accompanying .xlsx file (Table_S2.xlsx). 
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Supplemental Figures 

 

 

 

 

Supplemental Figure S1. Platelet sample purity as determined by flow cytometry analysis. 
(A) Blood cell events for whole anticoagulated blood samples (n=3), platelet rich plasma (PRP) 
and platelet poor plasma (PPP) preparations are displayed in forward vs side scatter plots and by 
their expression of CD41 and CD45. Platelets are identified as CD41+CD45- events, and white 
blood cells (WBC) are identified as CD41-CD45+ events. Red blood cells (RBC) are identified 
as events negative for both CD41 and CD45 (CD41-CD45- events), with low granularity (low 
SSC) and low size (low FSC) matching that of other CD235a+ (glycophorin A) events, as 
described in Babur et al., Blood 2020 (4). (B) CD41+ events are significantly enriched in PRP 
and washed platelets (>99% irrespective of anticoagulant). (C) WBCs are significantly depleted 
in PRP and washed platelets, without significant differences across anticoagulants. (D) RBC are 
significantly depleted in washed platelets for all anticoagulant conditions.  
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Supplemental Figure S2. Effect of citrate anticoagulant solutions on plasma pH. (A) Before 
blood draw, solutions of NaCit 3.2% (BD #369714), ACD (25 g/l NaCit, 20 g/l D-glucose, 15 g/l 
citric acid) and NaCit+ACD (equal volumes) were assessed for pH using MQuant pH-indicator 
strips (EMD Millipore). (B) pH measurements of platelet rich plasma (PRP) and platelet poor 
plasma (PPP) preparations from NaCit or NaCit+ACD anticoagulated blood samples in Fig. 1 
(n=3). The final plasma composition of anticoagulants were as follows: for NaCit tube (NaCit 
3.2 g/l) and for NaCit+ACD tubes (5.7 g/l NaCit, 1.5 g/l citric acid and 2 g/l D-glucose). (C) pH 
values were estimated using a reference color scale.  
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Supplemental Figure S3. Extended flow cytometry evaluation of whole blood for platelet 
physiological changes during ex vivo anticoagulation. (A) Gating strategy on the BD 
FACSymphony instrument. Platelets and white blood cells were gated by CD41a and CD45 
expression respectively. Platelet activation with granule release was assessed by surface 
expression of CD62P and CD63 on CD41a+ events. All CD45+ events were further segregated 
into monocytes (CD14+) granulocytes (CD14-CD45low) and lymphocytes (CD14-CD45high). An 
overlay of plots for TRAP6-treated vs resting whole blood was used to establish gates for 
activated platelets and white cell populations forming aggregates with platelets. (B) Time course 
analysis of the percent of WBC, granulocyte and lymphocyte events that co-expressed CD41a in 
differentially anticoagulated blood. (C) Increased percent of platelets expressing surface CD63 in 
EDTA blood at 1 hour and 24 hours after phlebotomy. (D) The Median Fluorescence Intensity 
(MFI) of CD41a on platelet surface membrane steadily dropped over time, exclusively for 
platelets in blood stored with EDTA anticoagulant. To ensure day-to-day assay reproducibility, 
the same cytometer settings were used for all days and the MFI stability of control CountBright 
beads was tracked in the same BV421 channel as the CD41a antibody (bead MFI CV = 2.5%). 
(E) The EDTA-related drop in CD41a MFI was not accompanied by a change in CD61 intensity 
(time point = 24 hours). Blood samples from 3 healthy donors were used for all experiments. 

A 
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Supplemental Figure S4. Optimization of nanoscale flow cytometry for detection and 
quantification of platelet-derived extracellular vesicles. (A) Modified setup parameters on the 
BD FACSymphony instrument. (B) MegaMix nanobeads used for day-to-day instrument 
calibration and reproducibility check. (C) Serial dilution of two unstained platelet-free plasma 
(PFP) pools to determine optimal dilution range. Event rates increased with plasma concentration 
from 106 to 103 PFP dilution and dropped at lower dilutions due to coincidence. (D) Antibody 
dilution series to determine dilution factors with optimal separation of signal from noise. Buffer-
only controls detect background fluorescent signals. For CD41a-BV421, a final dilution of 104-
105 gave the best separation of signal from noise with minimal background fluorescence. A 
similar experiment was performed for CD9-PE (data not shown). (E) Gating of events co-
expressing CD41a and CD9, defined here as platelets EVs. CD41a+CD9+ events were absent in 
unstained PFP and were labile to Triton-X100 detergent treatment confirming they are 
membrane-enclosed particles. (F, G) Quantitative data from panel E (n=3 donor PFP). 
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Supplemental Figure S5. EDTA-associated changes in additional platelet alpha granule 
released proteins. Platelet reporter ion intensity distribution for other representative alpha 
granule proteins, CCL5, VEGFC, TIMP1 and THBS1 (top row). Levels of the corresponding 
proteins were also quantified by multiplex bead-based Luminex assay in reciprocal platelet-free 
plasma after 1 hour and 24 hours of blood storage (middle row) and through 48 hours (lower 
row, only EDTA vs NaCit+ACD). 
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Supplemental Figure S6. Gating NET-forming neutrophils in whole blood. Neutrophils in 
whole blood were gated by co-expression of CD45 and CD66B. Gated neutrophils were further 
assessed for surface expression of neutrophil granule enzymes (MPO or ELANE) and extruded 
DNA (detected using the membrane-impermeable dye SYTOX Green). Co-expression of 
SYTOX-Green and MPO or SYTOX-Green and ELANE defined NET-forming neutrophils. The 
percent NET-forming neutrophils was assessed in whole blood anticoagulated with NaCit+ACD, 
EDTA or heparin. 

 

 

 



 Tassi Yunga et al.; Supplementary Information p. 14 

 

 
 

 

 

 

Supplemental Figure S7. Dynamic range and variability of washed platelet proteomes 
following 1-3.5 h vs 24 h delays in sample processing.  Left. Summary of mean reporter ion 
intensity values (blue) for washed human platelet samples (n=10 different healthy human 
donors), prepared from NaCit+ACD anticoagulated blood following 1-3.5 h delays in processing 
from our ongoing studies in our group. Middle. Mean reporter ion intensity values (orange) for 
washed human platelet samples from NaCit+ACD anticoagulated blood with 1 h and 24 h delays 
in processing, as detailed in the main manuscript (n=6; 3 donors, 2 time points). Right. Overlay 
of 1-3.5 h (blue) and 1 vs. 24 h (orange) datasets. Platelet proteins ranked by abundance from left 
to right on the x-axes (most abundant protein #1=filamin; least abundant protein #3300= 
MRPL53). Error bars show standard error of mean (SEM).  
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Supplemental Figure S8. Effect of sodium citrate anticoagulation on platelet proteome. (A) 
Experiment design and workflow. A total of 11 washed platelet samples were prepared from 
blood from n=3 donors × 4 anticoagulant conditions (NaCit, NaCit+ACD, EDTA and Heparin). 
After 1 h, platelet samples were lysed for tryptic digest, and peptides from each platelet sample 
were labeled with 11-plex tandem mass tags (TMT). Online fractionation was performed for 
each before mass spectrometry (MS) in an Orbitrap Fusion Tribrid mass spectrometer.  (B) 
Volcano plots of platelet protein reporter ion intensity ratios vs statistical significance, showing 
two-way comparisons for NaCit vs NaCit+ACD, NaCit vs EDTA and NaCit vs heparin (n=3). 
No significant differences in platelet proteomes were apparent for NaCit (alone) vs NaCit+ACD 
conditions. Differences between NaCit (alone) vs EDTA and NaCit (alone) vs heparin 
preparations were similar to differences between NaCit+ACD sample preparation detailed in the 
manuscript. Mass spectrometry data, Jupyter notebooks, R scripts and other files for this 
experiment have been deposited to the ProteomeXchange Consortium via the PRIDE partner 
repository at Project Accession PXD026903. 
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