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1. Introduction

Abstract

Multiple non-aggregatory functions of human
platelets (PLT) are widely acknowledged, yet their
functional examination is limited mainly due to a lack
of standardized isolation and analytic methods.
Platelet apheresis (PA) is an established clinical
method for PLT isolation aiming at the treatment of
bleeding diathesis in severe thrombocytopenia. On
the other hand, density gradient centrifugation (DC)
is an isolation method applied in research for the
analysis of the mitochondrial metabolic profile of
oxidative phosphorylation (OXPHOS) in PLT obtained
from small samples of human blood.

We studied PLT obtained from 29 healthy
donors by high-resolution respirometry for
comparison of PA and DC isolates. ROUTINE
respiration and electron transfer capacity of living
PLT isolated by PA were significantly higher than in
the DC group, whereas plasma membrane
permeabilization resulted in a 57 % decrease of
succinate oxidation in PA compared to DC. These
differences were eliminated after washing the PA
cells with phosphate buffer containing 10 mmol-L-1
EGTA, suggesting that several components,
particularly Ca?+ and fuel substrates, were carried
over into the respiratory assay from the serum in PA.
A simple washing step was sufficient to enable
functional mitochondrial analysis in subsamples
obtained from PA.

The combination of the standard clinical PA
isolation procedure with PLT quality control and
routine mitochondrial OXPHOS diagnostics meets an
acute clinical demand in biomedical research of
patients suffering from thrombocytopenia and
metabolic diseases.

Platelets (thrombocytes, PLT) are subcellular elements of blood and substantially
contribute to hemostasis by clumping and initiating the formation of blood clots [1]. PLT
are fragments of larger cells located in the bone marrow, called megakaryocytes, which
are released into the peripheral blood. Despite being absent of nucleus, PLT contain other
organelles, such as mitochondria and endoplasmic reticulum.

Vernerova et al (2021) MitoFit Preprints 2021.6
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Mitochondria are key cellular organelles responsible for the production of ATP,
regulation of reactive oxygen species and intracellular calcium concentration, activation
of apoptosis, and many other functions. Fundamental mitochondrial functions can be
studied by assessment of the rate of oxygen consumption related to substrate oxidation
and coupling control [2,3]. Supported by high-resolution respirometry (HRR) [4], the
analysis of PLT respiration got in a forefront of research interest in biomedical fields [5-
11]. Mitochondrial dysfunction of PLT was observed in several human physiological and
pathological conditions, including type II diabetes [12,13], aging [14,15], asthma [16],
sepsis [8,17-20], schizophrenia, Huntington’s, Parkinson’s, and Alzheimer’s diseases
[13,21].

Transfusions are used for various medical conditions to replace lost components of
the blood. Transfusions of human PLT are necessary for the treatment of pathological
conditions associated with low PLT count (thrombocytopenia) or their dysfunction
(thrombocytopathy). These transfusions have been used worldwide in clinical practice
for decades. The therapeutic benefits of PLT transfusions are generally acknowledged by
medical professionals. The process of separating PLT by platelet apheresis (PA) and
storing PLT concentrates is well documented and based on many years of good clinical
outcomes [22-24]. However, improvement of the lifespan and function of stored PLT is
still under investigation [25,26].

Isolation of PLT using density gradient centrifugation (DC) is the experimental
approach in biomedical research [5]. However, different types of anticoagulants,
centrifugation setups, and respiratory protocols affect the behavior of PLT concentrates
and the rate of mitochondrial respiration [27-31]. Evaluation and standardization of
these procedures are the aims of the European COST project MitoEAGLE (COST Action
CA15203) [5]. Mitochondrial respiration of PLT obtained by PA has not yet been
evaluated nor compared with PLT isolation by DC.

In view of the potential significance for a broad clinical practice, in the present
study, we compared mitochondrial respiration of PLT isolated by PA and DC from the
blood of healthy donors.

2. Materials and methods
2.1. Reagents

Calcium-free Dulbecco’s phosphate-buffered solution (DPBS) was obtained from
Lonza, Switzerland. Ficoll-Paque™, ethylene glycol-bis(2-aminoethyl ether)-N,N,N’,N’-
tetra-acetic acid (EGTA), pyruvate, oligomycin, carbonyl cyanide 4-
(trifluoromethoxy)phenylhydrazone (FCCP), glucose, rotenone, succinate, digitonin,
dimethyl sulfoxide (DMSO), cytochrome c and antimycin-A were obtained from Sigma
(Sigma-Aldrich). MiR05-Kit was purchased from Oroboros Instruments (Innsbruck,
Austria). All antibodies (anti-CD41 Phycoerythrin (PE), clone P2; IgG1l(mouse)
Fluorescein Isothiocyanate (FITC); anti-CD62P FITC, clone CLB-Thromb/6; anti-CD63
FITC, clone CLB-Gran/12) were manufactured by Beckman Coulter (Miami, FL, USA).
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2.2. Blood donors

Twenty-nine healthy blood donors registered in a database of the Transfusion
Department of University Hospital Hradec Kralove were included in this study. All
attendees fulfilled the conditions of health and safety criteria for PLT donation. The study
was approved by the ethical committee of University Hospital Hradec Kralove, Czech
Republic (Nr. 201903511P). Written informed consent was obtained from each volunteer
before enrolment in the study together with a brief questionnaire about their medical and
professional history, physical activity, tobacco and alcohol use, etc. Two PLT samples (for
DC and PA) were obtained from each participant to eliminate interpersonal variability
and measure mitochondrial respiration simultaneously in both preparations. Whole
blood was collected for DC isolation before the initiation of single-donor PA.
Subsequently, a sample of PLT concentrate was obtained from final transfusion bags.

2.3. Blood sampling

PLT obtained by PA and DC originated from the same set of healthy PLT donors.
Blood withdrawals were scheduled before the initiation of PA and were performed by
experienced nurses at the Transfusion Department, University Hospital Hradec Kralove.
Whole blood samples were collected into three 6 mL dipotassium
ethylenediaminetetraacetic acid (K2zEDTA) tubes and one 2 mL coagulation citrate
sodium tube (Vacuette, Greiner Bio-One GmbH, Kremsmiinster, Austria). Blood samples
were transported at room temperature (RT) and protected from sunlight to the
laboratory of the Department of Clinical Biochemistry and Diagnostics (University
Hospital in Hradec Kralove, Czech Republic) for isolation of PLT using DC and
mitochondrial respiration measurements. Flow cytometry was performed in the lab of
the Department of Clinical Immunology and Allergology (University Hospital in Hradec
Kralove, Czech Republic). Whole blood count and PLT isolated by both methods were
counted on the Sysmex cell counter (Sysmex Europe GmbH, Norderstedt, Germany)
before and after sample preparation, respectively.

2.4. Platelet preparation

2.4.1. Density gradient centrifugation

To obtain a high quality of human PLT we followed the latest standard operating
procedures and recommendations of the MitoEAGLE network [5] (Figure 1). PLT were
isolated from whole blood (12 mL) centrifuged using DC in Leucosep™ tubes (50 mL,
Greiner Bio-One GmbH, Kremsmiinster, Austria) with 15 mL of Ficoll-Paque™. The blood
sample was diluted with sterile DPBS (12 mL) and gently poured on top of the
polyethylene barrier and centrifuged at 1000 g for 10 min at RT using a swinging bucket
(first centrifugation: intermediate acceleration 6, brakes 0). Part of the supernatant (5
mL) was collected into a new tube for later use. The peripheral blood mononuclear cells
and PLT-enriched layer (buffy coat) were gently collected using a Pasteur pipette and
washed with 25 mL DPBS, followed by a 120 g centrifugation for 10 min (second
centrifugation: RT, acceleration 6, brakes 2). After obtaining the buffy coat, we used
differential centrifugation for the following isolation steps. The PLT-rich supernatant was
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collected and combined with the plasma from the first centrifugation and 10 mmol-L-1
EGTA (final concentration). The PLT were centrifuged at 1000 g for 10 min (third
centrifugation: RT, acceleration 6, brakes 2), and the pellet was resuspended and washed
in 5 mL DPBS with 10 mmol-L-1 EGTA and centrifuged at 1000 g for 5 min (fourth
centrifugation: RT, acceleration 6, brakes 2). The final PLT pellet was resuspended with
0.5 mL DPBS containing 10 mmol-L-1 EGTA. The entire PLT isolation protocol by DC
required about 60 min to be concluded.

PBMC-PLT layer +10 MM EGTA  DPBS+EGTA

1 — ) —
1000 g PLASMA 120 %’ . 1000 g 1000 g
supernatan
— —) —) —) —
10 min 10 min 10 min 5 min
RT v RT RT RT
Ficoll Paque™ \+DPBS DPBS+EGTA
12 mL whole blood RT
+12 mL DPBS +5 mL Plasma

Figure 1. Scheme of PLT preparation using DC. From the first centrifugation of whole
blood with Ficoll-Paque™ to the final pellet, which was resuspended in DPBS and EGTA
atroom temperature (RT). The PLT suspension was counted (10 times diluted) and added
to the O2k-chamber at a final cell concentration of 200-106 x-mL-1.

2.4.2. Platelet apheresis from a single donor

Two multicomponent blood collection systems, the Haemonetics MCS+ (Boston,
Massachusetts, USA) and Trima Accel (San Diego, California, USA) were used for PA. The
resuspension solution SSP+ PLT additive solution (Macopharma, Tourcoing, France)
contains Nas-citrate 2-H20 (108.13 mmol-L1), Na-acetate 3-H20 (32.48 mmol-L1),
NaH2P04 2-H20 (6.73 mmol-L-1), NazHPO4 (21.48 mmol-L-1), KCI (4.96 mmol-L-1), MgCl:
6-H20 (1.48 mmol-L-1), NaCl (69.30 mmol-L1) in 1000 mL of water (pH 7.2). T-PAS+
additive solution (Terumo BCT Europe N.V., Zaventem, Belgium) is distinguished from
SSP+ solution just in NazHPO4 (54.17 mmol-L-1). Blood was collected by standard
venipuncture (16 G) and anticoagulated with acid-citrate-dextrose in a 10:1 ratio for
TRIMA and a 9:1 ratio for Haemonetics MCS+. TRIMA and Haemonetics MCS+ were
centrifuged at 3000 rpm and 5500 rpm, respectively. Approximately 150 mL of PLT
including 30-40 mL of plasma and citrate with 300 mL of resuspension solution was
obtained from each donation with a total PLT count of around 400-10°? cells (in 2 bags).
Each bag consists of plasma and resuspension solution (SSP+ or T-PAS+) in the ratio
30:70. For measurements, 8 mL of final PLT-rich plasma concentrates were sampled
aseptically using a sterile connecting device (TSCD II, Terumo Europe N.V., Belgium). The
samples were stored in highly gas-permeable storage bags at RT without agitation for 1
h to reduce PLT activation according to clinical recommendations [32]. Afterward, PLT
concentrates were stored on a flatbed agitator (TB-80 + RS-50, Tool spol. s.r.o., Prague,
Czech Republic) at 22 °C + 2 °C according to European Committee (Partial Agreement) on
Blood Transfusion & European Commission [32]. The PA isolation procedure required
from 60 to 110 min to be concluded.
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2.4.3. Apheresis sample washing

To differentiate between the effect of isolation media and the procedure itself,
apheresis samples were washed with the same dilution medium as in DC. PA subsamples
(about 5 to 10 mL; N = 17) were collected into a 15 mL Falcon tube, diluted in 5 mL DPBS
with 10 mmol-L-1 EGTA, and centrifuged at 1000 g for 5 min at RT (acceleration 9, brake
2). The supernatant was discarded. The pellet was gently resuspended in 5 mL DPBS with
10 mmol-L-1 EGTA and centrifuged at 1000 g for 5 min at RT (acceleration 9, brake 2).
The final supernatant was discarded. The pellet was gently resuspended in 0.5 mL DPBS
with 10 mmol-L-1 EGTA (WA group).

2.5. Cell count

Samples were 10 times diluted by DPBS and counted on the Sysmex cell counter XN-
10 series (Sysmex Europe GmbH, Norderstedt, Germany) according to the manufacturer’s
instructions. The DC PLT yield was calculated as the number of PLT obtained after sample
preparation per total number of PLT in the whole blood (prior to sample preparation).

2.6. Flow cytometry

CD62P and CD63 were used as markers for PLT activation and degranulation.
Before and after isolation, all samples (blood with K2EDTA and citrate sodium, yields of
DC, PA, and WA samples) were investigated in the lab of the Department of Clinical
Immunology and Allergology (University Hospital in Hradec Kralove, Czech Republic).
Afterward, samples were diluted ten times in physiological saline solution. 25 pL of each
diluted sample was added to tubes containing 3.5 pL of fluorochrome-labeled monoclonal
antibodies, including anti-CD41 Phycoerythrin (PE), clone P2; IgG1 (mouse) Fluorescein
[sothiocyanate (FITC); anti-CD62P FITC, clone CLB-Thromb/6; anti-CD63 FITC, clone
CLB-Gran/12. Three tubes were prepared for each sample, each containing an anti-CD41
antibody for PLT detection and an antibody against the expression parameter (IgG1,
CD62P, CD63). Samples were incubated with antibodies for 10 min at RT in the dark. 750
uL of physiological saline solution was then added to each tube. The Navios 10 flow
cytometer (Beckman Coulter, Prague, Czech Republic) and Kaluza C 1.1 Analysis Software
(Beckman Coulter, Prague, Czech Republic) were used. The data at a minimum of 50 000
events were obtained for each staining and supplied as a list mode. PLT were gated as
CD41+ events. Expression of CD62P and CD63 was determined as a percentage of positive
events compared to IgG isotype control and as mean fluorescence intensity (MFI). The
citrate and K2EDTA blood samples were used as a control for comparison of activation of
PLT. CD62P (P-selectin) is an antigen that shows the rate of PLT activation, while the
expression of the CD63 marker serves to detect activated basophils and the level of
expression correlates well with their degranulation.

2.7. Mitochondrial respiration

PLT respiration was measured by HRR using Oroboros O2k-FluoRespirometers
(Oroboros Instruments, Austria) equipped with 0.5 mL Duran glass chambers containing
MiRO5 [33] at 37 °C. For calculation of the PLT concentration in the chamber, the dead

6 Vernerova et al (2021) MitoFit Preprints 2021.6
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volume of the stopper capillaries (0.04 mL) was considered, resulting in a total volume of
0.54 mL before closing the chamber at 0.5 mL. For the addition of PLT to the chamber, the
partial volume replacement approach was used, ie., before the addition of PLT, the
corresponding volume of MiR05 was removed. 100-10° to 120-10% PLT [19] were added
and kept under constant stirring during the substrate-inhibitor-titration (SUIT) protocol.
Data were recorded in real-time with DatLab 7.4 software (Oroboros Instruments,
Austria) with a data recording interval of 2 seconds.

2.8. SUIT protocol for HRR

The SUIT-003 coupling control and cell viability protocol (CCVP) [34] was used to
study coupling control and plasma membrane permeability of living cells (Figure 2)
[35,36]. Respiratory capacities are tested in a sequence of coupling states: ROUTINE
respiration R, LEAK compensatory respiration L, and electron transfer (ET) capacity E
[36,37].

ce ceP ceROX ceS s ROX
030 N K = Rox | £ | [Rox}
= - ©
g| Uncoupler <] L
G| titration g Digitonin vt e E
o 8 titration Y N
— 3] \ Rot Ama
— 0.24 \\d “ l
[«}]
3 '\-"\\,\I "
] t Cytc
g 0.18 omy ‘Q \,[ A‘.\wﬁ
5, P‘l" l Rot /‘ Ama
S
LT o { Cytc
o m
3 012"%‘:\ . ly J""
2 S f
o
el
~ 0.06
o STc
0.00 i whrol L
0:21 0:43 1:05 1:26 1:48 2:10

Time [h:min]

Figure 2. Representative traces of PLT respiration of DC (black), PA (red), and WA
(blue) samples. Oxygen flux per cell, loz [amol-s-1-x-1]. CCV protocol with living cells
(cel), pyruvate addition (celP), oligomycin titration (10 to 40 nmol-L-1, ce20my),
uncoupler titration of FCCP at 0.1 pmol-L-1 steps (ce3U). Rotenone for residual oxygen
consumption (ce4Rot, 1 pmol-L-1 ROX). Cell viability test in the CCV protocol: succinate
addition (ce5S, 20 mmol-L-1) with digitonin titration (1Dig). Cytochrome c test (1Dig;c, 10
pmol-L-1) and antimycin-A addition for Rox (2Ama, 2.5 pmol-L-1).

After stabilization of endogenous ROUTINE respiration (cel), 10 mmol-L1 of
pyruvate (celP) was added, followed by titration of oligomycin (ce20my; ATP-synthase
inhibitor; 5 to 10 nmol-L1) to induce LEAK respiration. The uncoupler FCCP (ce3U) was
titrated stepwise to evaluate ET capacity. The Complex I inhibitor rotenone (ce4Rot) was
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then added to inhibit NADH-linked respiration. Subsequently, the Complex II substrate
succinate (10 mmol-L1; ce5S) was added for evaluation of the plasma membrane
integrity. The plasma membrane of all cells was then permeabilized with digitonin (1Dig).
To access mt-outer membrane integrity, cytochrome ¢ was titrated (1Dig; c). Finally, the
Complex III inhibitor antimycin A (2Ama) was added to fully inhibit mitochondrial
respiration for evaluation of residual oxygen consumption (Rox).

2.9. Statistical analysis

Data are expressed as median with interquartile range (IQR). Bar graphs with two
columns were analyzed with the Wilcoxon matched-pairs signed rank test and bar graphs
with three or more columns were analyzed by one-way ANOVA with multiple comparison
test (Tukey), multiple t-tests using the Holm-Sidak method, and by 2-way ANOVA using
multiple comparisons (Sidak’s multiple comparisons test). Individual p values were
expressed to four decimal places in each figure. All statistical analyzes were performed
by GraphPad Prism version 9.0 (GraphPad Software, San Diego, California, USA).

3. Results
3.1. Characteristics of the PLT donors

Twenty-nine healthy PLT donors (27 males and 2 females) were included in the
study with an average age of 38.5 + 7.3 years, body mass 92 + 43 kg, and height 184.0
7.2 cm. None of the PLT donors was diagnosed with diabetes, depression, nor suffered
serious hematological or other internal comorbidities. The characteristics of the PLT
donors are summarized in Supplement S1. There was no significant dependence of PLT
respiration on age, body mass, or BMI (Supplement S2), nor on night shifts and cigarette
smoking (Supplement S3).

3.2.  Mitochondrial respiration of PLT

Representative traces of PLT respiration are shown in Figure 2. Oligomycin-
inhibited LEAK respiration did not differ between PLT preparations. PLT isolated by PA
had 22 % higher ROUTINE respiration and 16 % higher ET capacity in comparison to DC
(p = 0.001; Figure 3A). In contrast, the S-linked ET capacity of permeabilized cells was
lower in the PA group at 57 % of DC (p < 0.001; Figure 3A). Effective concentrations of
oligomycin, FCCP, and digitonin had to be increased 2.2-, 3.5- and 2.5-times, respectively,
in the PA group in comparison to DC (Figure 4).

These results suggest that compounds of the donor’s plasma were carried over from
PAisolation to the respiration medium, supporting on the one hand (1) higher respiratory
rates in the living cells, on the other hand (2) buffering the effects of oligomycin,
uncoupler and digitonin, and (3) inhibiting respiration in permeabilized PLT. This
hypothesis was tested in the WA group, obtained by washing a part of the PA suspension
with DPBS containing 10 mmol-L-1 EGTA, which chelates Ca?*. Strikingly, all differences
in mitochondrial respiration of PLT isolated by DC and PA were diminished in the WA
group (Figure 3A). Flux control ratios (FCR) using ET capacity E as a reference state

8 Vernerova et al (2021) MitoFit Preprints 2021.6
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represent an internal normalization independent of the cell count [3]. No differences
were observed in the R/E flux control ratio between all groups, but the FCR for the S-
pathway was significantly lower in PA in comparison to DC and WA (Figure 3B). This
points to a specific shift in pathway capacity when using different isolation protocols. The
presence and concentration could impact respiration leading to a decreased S-linked ET

capacity.

A 0.37 0.92

0.007 <0.001
o DC o PA o WA <0.001
0.30- o
- o, . <0.001
> 0.25- 0.016 3. F e - .
< T3 o . 4
[77] ele L1
o 0204 $ "L‘ o g‘ s
. - . . :
S ol ClTe 3 .;F:
&, 0.15 s s . K
= . pit!
* e
O 0.104 . ab
3 .
= 0.05-
[}
o) 0.00- Lo e e e N A
T T T
R(ce1P) E(ce3U) Sg(1Dig)
B 0.34
e« DC o PA o WA <0.001
150 <0.001
i [ ]
& 1254 0.024 s
O 1.00 089 0198 — 0
et L ]
) h e
— 0.75-
% )
§ 050+
u -
g 0.25-
= 4
0004 L.

R(ce1P) E(ce3U) S¢(1Dig)

Figure 3. Effect of isolation methods on PLT respiration. PLT isolated by DC (black
dots), PA (red dots), and WA (blue dots). (A) Oxygen flow per cell, lo2 [amol-s-1-x1]. (B)
Flux control ratio (FCR). ET state was selected as the reference state. Two-way ANOVA, p
values are shown above their respective pairwise comparison bar.

3.3. Yield and sample quality: cytochrome c test and viability

Total yields of PLT from whole blood averaged 68 % using DC. Because of the
methodological principle of PA, it is not possible to calculate the PLT yield from PA.
However, after washing the apheresis sample with DPBS and centrifugation at 1000 g for
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5 min, the resuspended concentrates (i.e. WA) contained a similar concentration and yield
of PLT as the samples isolated by DC (Supplement S4).
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Figure 4. Effect of isolation methods on the inhibitory concentration of oligomycin,

and optimum concentrations of uncoupler FCCP and digitonin. (A) ATP-synthase
inhibitor oligomycin. (B) Uncoupler FCCP. (C) Mild detergent digitonin for plasma
membrane permeabilization. (D) Representative trace of the viability module of the SUIT
protocol. DC (black) and PA (red). Oxygen flow per cell /o2 [amol-s-1-x-1]. One-way ANOVA
with multiple comparison test (Tukey), p values are shown above their respective
pairwise comparison bar.

We evaluated the PLT quality using the respiratory viability index VIr (Figure 5A)
and cytochrome c test (Figure 5B). VIr was slightly but significantly higher in PLT isolated
by DC versus PA, reaching 87 % vs 83 % (p = 0.026; Figure 5A). The intact plasma
membrane of platelets is impermeable to externally added succinate, which therefore can
stimulate respiration only in cells with functional mitochondria but a damaged cell
membrane, which are counted as dead cells. Permeabilization of the plasma membrane
by digitonin titration (protocol step 1Dig) provides a reference state of 100 %
permeabilized cells with respiration in the entire mitochondrial population supported by
succinate in the noncoupled state [36]. The viability index was restored in the WA group
to the high level of the DC group (Figure 5A).

The cytochrome c test indicated good structural integrity of the outer mitochondrial
membrane in all groups (Figure 5B).
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Figure 5. Effect of isolation methods
and media on PLT viability. (A) Cell
viability index of PLT isolated by DC (black
symbols), PA (red symbols), and WA (blue
symbols). The cell viability index is VIr = 1-
UceSS‘]ce4Rot)/UlDig']ce4Rot) [3 6] (B)
Cytochrome c control efficiency expresses
the integrity of the outer mitochondrial
membrane and is calculated as a change in
respiration after the addition of
cytochrome c, jc = (J1pigc—/1pigc)/J1pigc [37].
Titration steps (ce4Rot, ce5S, 1Dig, and
1Dig, c) are depicted in Fig. 2. One-way
ANOVA with mixed-effects model, p values
are shown above their respective pairwise
comparison bar.

3.4. PLT activation
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To investigate the role of PLT activation we assessed the expression of the protein

receptor P-selectin (CD62P) and the PLT activation marker CD63 on the PLT plasma
membrane. Whole blood collected using citrate sodium (Citrate) and K2EDTA (EDTA)
tubes, isolated PLT obtained from DC, PA, and WA were analyzed from samples of 17
patients by flow cytometry (Figure 6).
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Figure 6. Expression of PLT activation markers. (A) Preliminary PLT gating based on
morphological properties - forward scatter (FS) and side scatter (SS). (B) Precise PLT
gating based on CD41 expression. (C) Positive threshold setting based on isotype control
(IgG) expression. (D) Evaluation of CD62P activation marker expression. (E) Evaluation
of CD63 activation marker expression. (F) Histogram to determine the median MFI of the
marker of interest. This is the representative protocol for EDTA control blood samples.
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Figure 7. PLT activation in different isolation methods. (A) Percentage of PLT positive
for CD62P. (B) Mean fluorescence intensity for CD62P. (C) Percentage of PLT positive for
CD63. (D) Mean fluorescence intensity for CD62P. Ctrl, control blood samples before
isolation procedures. 2-way ANOVA using multiple comparisons, * p < 0.05, ** p < 0.01,
*#% p < 0.001. Individual p-values are shown in Supplement S5.

PLT were not activated during DC and PA blood isolation (Figure 7). Increased
ROUTINE respiration in the PA group, therefore, was not due to the increased PLT
activation during PA. The results for WA showed a similar trend as those for DC. Taken
together, our data show higher signs of PLT activation and mitochondrial respiration of
DC and WA samples.

4. Discussion

Differential diagnosis of human diseases is a systematic process based on several
diagnostic tools and procedures ranging from non-invasive approaches, such as physical
examination, ultrasound, or X-ray imaging to invasive methods such as endoscopy,
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exploratory laparoscopy, or tissue biopsy. Laboratory analysis of human blood is a
minimally invasive method that can be repeated several times without exposing the
patient to severe risks. Examination of human PLT function is a promising topic for
haematology, since suitable methods are available, and standardization is achievable.
Optical aggregometry is a routine method for the examination of PLT function [38], but
the specific clinical interpretation is difficult. Determination of PLT count and size, and
PLT visualization by electron microscopy are insufficient for describing PLT function. The
PLT count may create a false impression of bleeding diathesis since even a low PLT count
of about 20-30-10° x-L-1 is sufficient for adequate haemostasis in profound immune
thrombocytopenia [39]. Knowledge of functional PLT activity in these cases could help to
prophylaxis of anticoagulant treatment and improve the patients' quality of life.
Therefore, analysis of mitochondrial respiration of PLT represents a promising approach
[40-44]. Increased respiration of PLT isolated from the blood of septic patients correlates
with activation of circulating proinflammatory cytokines [17]. The bioenergetics of PLT
is affected in diabetic rats, by increasing PLT respiration, mitochondrial mass, and
membrane potential [45].

PA is the gold standard used for many years in the clinical environment to obtain
PLT concentrates used for thrombocyte transfusions. The treatment potential of this
method is corroborated by years of relevant clinical results. On the other hand, the DC
isolation protocol [5] was developed to preserve mitochondrial function for
respirometric analysis of PLT isolated from small amounts of blood obtained by
venipuncture. The question arises on how PA affects mitochondrial respiration of PLT in
comparison to PLT isolated by DC.

In our study, the PA isolation procedure affected the mitochondrial respiratory
fingerprint of human PLT. ROUTINE respiration and ET capacity of living PLT was higher
in the PA group compared to the DC group (Figure 3A). Respiratory fuel substrates
contained in the serum support higher ROUTINE respiration and ET capacity, indicated
by the higher ET capacity in living PLT suspended in plasma compared to PBS with
glucose [19]. Pyruvate stimulated ROUTINE respiration of living PLT (Figure 2) and the
S-pathway ET capacity of permeabilized PLT was higher than the ET capacity of living
PLT. These results corroborate that the ET capacity of living PLT is substrate limited and
does not reflect the maximum capacity of mitochondrial electron transfer in PLT [19].
Taken together, additional external substrates provided in PA are primary candidates for
stimulation of both ROUTINE respiration and the apparent ET capacity in living PLT.

Itis well established that a higher optimum uncoupler concentration for stimulation
of maximum respiration (ET capacity) is required in cells incubated in culture media
compared to MiR05. In endothelial cells, the optimum FCCP concentration is 6-8 pM in
culture medium RPMI and 1-2 pM in mitochondrial respiration medium [46]. To our
knowledge, oligomycin titrations have not yet been reported to evaluate the effect of
incubation media on the minimum oligomycin concentration required to fully inhibit the
ATP synthase and phosphorylation of ADP. This can be explained by the fact that much
higher concentrations of oligomycin have been used previously in respiratory studies,
which entail, however, inhibition of subsequently measured ET capacity [36].
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In contrast to ET capacity in living cells, after permeabilization the S-linked ET
capacity was inhibited by more than 40 % in the PA group compared to the DC group. A
higher optimum concentration of digitonin for permeabilization of the plasma membrane
is required in cells incubated in culture media compared to MiR05 [47]. The candidate
compound is Ca2*, which stabilizes the plasma membrane and thus protects it from
permeabilization at low digitonin concentrations. External Ca2* brought into contact with
mitochondria after permeabilization, in turn, inhibits respiration, which provides an
explanation for the inhibition of S-linked ET capacity in PA. The inhibitory effect was
reversed by washing with DPBS containing 10 mmol-L-1 EGTA, a strong chelator of free
Ca2+ ions. Despite the lack of added Ca*? in the apheresis solution, SSP+ PLT additive
solution, residual calcium from the donor’s plasma could still be present in the PA
samples.

Addressing PLT activation, we performed flow cytometry and assessed the panel of
activation markers, and found differences in two membrane antigens CD62P and CD63.
Taking into consideration that blood for each group (DC and PA) was withdrawn into
tubes using different anticoagulant chemicals, EDTA and citrate respectively, we used two
different control groups to distinguish the effect of the isolation procedure on PLT
activation. Neither DC nor WA caused higher PLT activation than their EDTA controls. We
observed a similar trend for PA, which did not exert higher activation than its citrate
control counterpart (Figure 7). Even though we did not observe different activation of
PLT in comparison to their controls (i.e., full blood in EDTA coated tube for DC and WA;
and full blood in citrate coated tube for PA), activation of PLT was higher in DC and WA
groups in comparison to the PA group (Figure 7).

5. Conclusions

Using PA as the clinical method for PLT isolation, mitochondrial integrity and
function were preserved equally well in comparison to the faster isolation by DC.
However, PA compared to DC resulted in (1) stimulation of respiration in living PLT, (2)
the requirement of higher effective concentrations of oligomycin, FCCP, and digitonin, and
(3) inhibition of ET capacity after permeabilization. We did not observe an effect of PLT
isolation methods on PLT activation in comparison to controls. All observed differences
in respiratory control were reversed in the WA group by an additional washing step after
PA preparation. The differences between DC and PA, therefore, were caused by
compounds carried over from the serum to the respiratory assay in the PA group. In
conclusion, subsamples obtained from clinical PA can be used after a simple washing step
(WA) for analysis of mitochondrial respiratory control in living and permeabilized PLT.
High-resolution respirometry can thus be integrated with standard clinical isolation
procedures for PLT quality control and routine diagnostics of mitochondrial respiratory
function by OXPHOS analysis.
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CCP coupling control protocol

CCVP coupling control and cell viability protocol

DC density gradient centrifugation

DPBS Dulbecco’s phosphate-buffered solution

EGTA ethylene glycol-bis(2-aminoethyl ether)-N,N,N’,N’-tetra-acetic acid
ET electron transfer

FCCP carbonyl cyanide 4-(trifluoromethoxy)phenylhydrazone
FCR flux control ratio

HRR high-resolution respirometry

VIr viability index derived from the respiratory protocol
K2EDTA dipotassium ethylenediaminetetraacetic acid

PA platelet apheresis

PLT platelet

RT room temperature

SUIT substrate-inhibitor-titration

WA wash apheresis sample
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Supplement S1

Table S1. Patient’s questionnaire: medical and professional history, physical activity, tobacco, and alcohol use.
No. Sex Age Body Height Smoking Alcohol Blood Night Diet Diabetes Medicines Medications Sport

mass (cigarettes/day) (atleastl transfusion shifts for (hours/week)
[years] [kg/x] [cm] beer/day)  recipient depression/anxiety
1 M 35 82 180 1(2-3) 0 0 0 0 0 0 0 4
2 M 42 88 175 0 0 0 0 0 0 0 0 0
3 M 41 70 170 1 (20) 0 0 0 0 0 Euthyrox 0 0
4 F 28 100 164 1(5) 0 0 0 0 0 0 0 0
5 M 44 92 183 0 0 0 0 0 0 Prestance 5/5 0 6
6 F 48 63 165 1(15) 0 1 1 0 0 0 0 7
7 M 40 105 185 0 0 0 0 0 0 0 0 0
8 M 19 97 175 0 1 0 0 0 0 0 0 0
9 M 32 97 188 0 0 0 0 0 0 0 0 0
10 M 90 185 1 0 1 0 0 0 0 0 0
11 M 45 84 178 0 0 0 0 0 0 0 0 3
12 M 46 112 188 0 0 0 1 0 0 0 0 7
13 M 38 84 183 1(10) 0 0 1 0 0 0 0 0
14 M 39 95 188 0 0 0 0 0 0 Lamiprol 0 8
15 M 0 0 0 1 0 0 0 0 5
16 M 44 89 183 0 0 0 1 0 0 0 0 0
17 M 43 92 185 0 1 0 1 0 0 0 0 0
18 M 31 84 182 0 0 0 0 0 0 0 0 6
19 M 43 95 185 0 0 0 0 0 0 0 0 10
20 M 31 97 186 0 1 0 o 0 o  Desloratadine 0 7
actavis
21 M 44 83 174 0 1 0 1 0 0 0 0 0
22 M 1 0 0 0 0 0 Hipres 0 2
23 M 31 100 181 1(5) 0 0 1 0 0 0 0 2
24 M 42 94 178 0 0 0 0 0 0 0 0 0
25 M 43 93 182 0 0 0 0 0 0 1 0 0
26 M 42 103 198 0 0 0 0 0 0 0 0 0
27 M 0 0 0 0 0 0 0 0 2
28 M 39 84 181 0 0 0 0 0 0 0 0 10
29 M 38 100 187 0 0 0 0 0 0 0 0 8
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Figure S2. PLT respiration as a function of age and body mass of healthy donors.
ROUTINE respiration (celP), ET capacity of living cells (ce3U), and S-pathway capacity
(1Dig) were measured in PLT isolated by the DC method. Correlations were not

significant with age and body mass.
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Table S4. Cell count in samples from different isolation procedures and
yield in DC samples.
No. Sex PLT count PLT count  PLT count PLT count Total PLT yield
in whole blood inDC in PA in WA sample from whole blood
(EDTA) sample sample using DC
[10° x/mL] [10°x/mL] [10°x/mL]  [10° x/mL] [%]
1 M 297 439 128 66.5
2 M 366 534 156 65.7
3 M 342 442 104 58.2
4 F 299 467 97 70.3
5 M 307 451 117 66.1
6 F 266 385 80 65.1
7 M 289 407 113 63.4
8 M 193 345 111 80.4
9 M 311 476 128 68.9
10 M 301 492 118 73.6
11 M 319 424 116 59.8
12 M 320 518 154 72.8
13 M 333 471 144 473 63.7
14 M 297 443 136 587 67.1
15 M 381 666 148 613 78.7
16 M 327 413 137 575 56.8
17 M 279 452 140 658 72.9
18 M 379 574 146 655 68.2
19 M 301 449 145 497 67.1
20 M 240 427 133 550 80.1
21 M 356 526 153 712 66.5
22 M 313 526 128 595 75.6
23 M 275 402 153 606 65.8
24 M 324 459 131 675 63.8
25 M 404 569 145 795 63.4
26 M 358 516 141 677 64.9
27 M 302 421 129 744 62.7
28 M 289 314 115 373 48.9
29 M 187 399 124 597 96.0
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Supplement S5

Table S5. Statistical comparison of samples from Figure 7. 2-way ANOVA using
multiple comparisons of PLT activation markers between PLT isolation methods;
pairwise comparison with corresponding p-values.

22

Comparison /] Comparison /]
Figure 7A Figure 7B

EDTA (Ctrl) vs. Citrate (Ctrl) 0.002 EDTA (Ctrl) vs. Citrate (Ctrl) 0.029
EDTA (Ctrl) vs. DC 1 EDTA (Ctrl) vs. DC 0.92
EDTA (Ctrl) vs. CFA <0.001 EDTA (Ctrl) vs. CFA 0.012
EDTA (Ctrl) vs. WA 0.98 EDTA (Ctrl) vs. WA 0.089
Citrate (Ctrl) vs. DC 0.002 Citrate (Ctrl) vs. DC 0.13
Citrate (Ctrl) vs. CFA 0.029 Citrate (Ctrl) vs. CFA 0.008
Citrate (Ctrl) vs. WA 0.001 Citrate (Ctrl) vs. WA 0.056
DCvs. CFA <0.001 DCvs. CFA 0.033
DCvs. WA 0.97 DCvs. WA 0.19
CFA vs. WA <0.001 CFA vs. WA <0.001
Figure 7C Figure 7D

EDTA (Ctrl) vs. Citrate (Ctrl) 0.032 EDTA (Ctrl) vs. Citrate (Ctrl) 0.039
EDTA (Ctrl) vs. DC 0.24 EDTA (Ctrl) vs. DC 1
EDTA (Ctrl) vs. CFA 0.76 EDTA (Ctrl) vs. CFA 0.037
EDTA (Ctrl) vs. WA 0.82 EDTA (Ctrl) vs. WA 0.11
Citrate (Ctrl) vs. DC 0.002 Citrate (Ctrl) vs. DC 0.16
Citrate (Ctrl) vs. CFA 0.22 Citrate (Ctrl) vs. CFA 0.92
Citrate (Ctrl) vs. WA 0.016 Citrate (Ctrl) vs. WA 0.34
DCvs. CFA 0.022 DCvs. CFA 0.063
DCvs. WA 1 DCvs. WA 0.15
CFAvs. WA 0.32 CFA vs. WA 0.14
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