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Abstract

Background: Female sex confers a survival advantage following severe injury in the setting of
trauma-induced coagulopathy, with female platelets having a heightened responsiveness likely due
to estrogen. The effects of testosterone on platelet biology are unknown, and platelets express both
estradiol and androgen receptors on the plasma membrane. We hypothesize testosterone decreases
platelet responses in vitro, and there are baseline differences in platelet function and metabolism
stratified by sex/age.

Study Design and Methods: Apheresis platelets were collected from: older males (OM) =45
years, younger males (YM) <45 years, older females (OF) =54 years, and younger females (YF)
<54 years and testosterone and estradiol were measured. Platelets were incubated with testosterone
[5.31 ng/ml], estradiol [105 pg/ml] or vehicle and stimulated with buffer, adenosine diphosphate
[20 pM], platelet activating factor [2 uM], or thrombin [0.3 U/ml]. Aggregation, CD62P surface
expression, fibrinogen receptor surface expression, and platelet mitochondrial metabolism were
measured.

Results: Testosterone significantly inhibited aggregation in OF and OM (p<0.05), inhibited
CDA41la expression in YF, YM, and OM (p<0.05), affected a few of the baseline amounts of CD62P
surface expression but not platelet activation to PAF and ADP, and variably changed platelet
metabolism.

Discussion: Platelets have sex- and age-specific aggregation, receptor expression, and
metabolism. Testosterone decreases platelet function dependent on the stimulus, age, and sex.
Similarly, platelet metabolism has varying responses to sex hormones with baseline metabolic
differences dependent upon sex and age.
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Introduction

Methods

Materials.

All cellular members of the innate and adaptive immune systems have sex hormone
receptors on the cell surface, and there are sex differences in immune responses to various
diseases.1=3 Following injury, the female sex confers a survival advantage in the setting

of trauma-induced coagulopathy, with female platelets having a heightened responsiveness
to stimuli versus platelets from males.* Female platelet responsiveness is thought to be
mediated by estradiol, and studies examining the effect of testosterone on platelet biology
are lacking.” Platelets are part of the innate system and express both estradiol and androgen
receptors on the plasma membrane.® Furthermore, studies on the function and metabolism of
human apheresis platelets are limited, especially looking at cohorts stratified by age and sex.

The purpose of this study is to further evaluate sex dimorphisms in apheresis platelet biology
and physiology and the role of added, exogenous sex hormones. With addition to platelets,
estradiol is rapidly converted to estrone, and although little is known about testosterone, we
sought to investigate if platelet activity and physiology were affected by these hormonal
ligands occupying their respective receptors on the platelet cell surface.” This study 1)
characterizes the differences in baseline platelet function and metabolism /n vitro conferred
by the age and sex of the donor, 2) evaluates the effects of sex hormones on /n vitro platelet
function and platelet metabolism, and 3) expands upon the limited knowledge of apheresis
platelets. We hypothesize that testosterone administration inhibits the function of apheresis
platelets and that there are baseline differences in platelet function and metabolism that may
be stratified by sex and age.

Testosterone, estradiol, and platelet-activating factor (PAF) were purchased from Sigma-
Aldrich, Inc (St. Louis, MO). All reagents for the extent of shape change and aggregation
experiments, including adenosine diphosphate (ADP), and thrombin were purchased from
Chrono-Log Corporation (Haverton, PA). Antibodies for flow cytometry were purchased
from BD Biosciences (Franklin Lakes, NJ): CD41a-FITC clone HIP8 and CD62-PE clone
ACL-2. Seahorse reagents were purchased from Agilent Technologies (Santa Clara, CA).
Source platelet poor plasma (PPP) was outdated plasma which had been separated from
whole blood and drawn from OM and 2 OF donors. For experiments for which dilution
with PPP was required, all platelet samples were diluted in the same source PPP for that
experimental day such that all samples from their respective donor groups received the
identical source PPP.
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Apheresis platelets.

All platelets originated from intermediate altitude drawing centers, range 976-1848 meters
above sea level: Denver, CO; Cheyenne, WY; Rapid City, SD, and were drawn on day 0
(the day of donation) using Terumo (Lakewood, CO) Trima apheresis machines with 100%
being single apheresis units and stored or shipped to Vitalant-Denver. A sample from day

1 apheresis platelets, which were 14-22 hours post-draw with a median of 16 hours, from
healthy donors were obtained under a Colorado Multiple Institute Review Board approved
protocol (COMIRB#00-004), were not washed, and were grouped accordingly: 18-53 year-
old premenopausal females, younger females (YF), =254 year-old, postmenopausal females,
older females (OF), 18-44 year-old males, younger males (Y M), =45 year-old males, older
males (OM).8-16 The subdivision of females was based on the average age of menopause of
>54 years and the gradual fall in total testosterone levels which begins around 45 years of
age after peaking at 19 years and was verified by sex hormone levels.8-1 Platelet samples
were naive: no sex hormone/DMSO vehicle [0.0001%]gnaL OF incubated with testosterone
[5.31 ng/ml], the median physiologic level in healthy males >18 years), or estradiol [105
pg/ml], the median physiologic level in healthy premenopausal females during mid-estrus,
for 15 minutes at 37°C.413-15.17-19

Extent of Shape Change.

Platelet function was assessed by extent shape change using light aggregometry (Chrono-
Log Model 490), as described.20 Platelets were diluted in source PPP to 300x106
platelets/ml, warmed to 37°C, incubated with 1 mM EDTA, and shape change was measured
in response to buffer, 20 uyM ADP or 2 uM PAF.

Aggregation and ELISA Assays.

Aggregation was measured by light transmission (Chrono-Log Model 700) using 300x10°
platelets/ml diluted in source PPP in response to the following: buffer (control), 20 uM of
ADP, 2 uM of PAF, or 0.3 U/ml thrombin. Aggregation was calculated as the % Maximum
Amplitude (Maximum Aggregation; % MA) from baseline. Human Vascular Endothelial
Growth Factor (VEGF), testosterone, and estradiol were measured via a commercial ELISAs
(VEGF: R&D, Minneapolis, MN or ABCAM (Boston, MA)) in the supernatants of platelets
for VEGF and sex hormones.?1

Flow Cytometry.

Platelets were diluted to a concentration of 6x10% platelets/ml and stimulated with buffer, 20
UM ADP for 5 minutes, or 2 uM PAF for 10 minutes and fixed with 1% paraformaldehyde.
The fixed platelets were incubated with a FITC or PE-labeled isotype IgG control, or an
antibody specific for CD41a (fibrinogen receptor, GPIIb) or P-selectin (CD62P) to assess
platelet activation. The amount of CD41a or CD62P surface expression was measured using
a BD FACSCanto Il flow cytometer and CD41a mean fluorescent intensity (MFI) and %
CD62P were calculated.
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Mitochondrial Stress Test.

Statistics.

Results

Apheresis platelets were incubated with Prostaglandin I, (Pgl») [1 ng/ml] (Cayman
Chemical Company, Ann Arbor, Ml) to inhibit aggregation, centrifuged at 1000g for 5
minutes, resuspended in Tyrode’s Buffer, and diluted to a final concentration of 300x108
platelets/ml. 22x106 platelets plus Seahorse media for a final volume of 100 pl were loaded
onto the sensor cartridge for the Seahorse XFe24 Analyzer. To measure mitochondrial
metabolism the Seahorse XF Cell Mito Stress Kit (Agilent) was used to assess oxygen
consumption and pH changes. After the initial baseline measurement, either hormone
(testosterone or estradiol diluted into seahorse media) or vehicle control (seahorse media/
0.0001% DMSO) was injected. This was followed by sequential addition of 1.5 uM
Oligomycin, 1.0 uM Carbonyl cyanide-4 phenylhydrazone (FCCP), and 0.5 uM Rotenone/
Antimycin for oxygen and pH measurements, per assay protocol. The oxygen consumption
rate (OCR) was calculated in pmol/min for Basal Respiration, ATP-linked Respiration,
Maximal Respiration, Spare Respiratory Capacity, and Nonmitochondrial Respiration.
Extracellular Acidification Rate (ECAR) was calculated in mpH/min for non-sensitive/basal
and oligomycin sensitive.

Statistical analysis was completed using GraphPad Prism Software V9 (San Diego, CA).
Intragroup data from platelets treated with sex hormones were compared via paired
(repeated measures), two-way analysis of variance (ANOVA) followed by Holm-Sidek

test for multiple comparisons, based upon the equality of variance. Intergroup data, from
platelets isolated from males or females stratified by age were analyzed by an independent
(unpaired), two-way ANOVA between donor groups again followed by Holm-Sidek test for
multiple comparisons. Significance equaled p<0.05.

Demographics.

In total, 265 healthy donors comprised this study and were needed to ensure the sample

size for each individual experiments because the sample size was only 3 ml and not all
experiments could be completed for each individual donor: 57 YF, 19-44 years (mean 37.4),
68 postmenopausal OF, 55-76 years (mean 63.7), 59 YM, 18-44 years (mean 32.6) and 81
OM, 45-91 years (mean 62.3) (Table 1). Blood type A (51.4%) was most common followed
by type O (29.5%), type B (9.9%) and type AB (9.5%) (Table 1). The overwhelming
majority (90.7%) were Rhesus factor positive (Table 1). Estradiol and free testosterone
levels were measured in EDTA plasma from selected donors solely from Denver, CO
because estrogen measurements are affected by citrate and estradiol may be concentrated
due to platelet release separating the PPP fraction of apheresis platelets.22-24 Both the OF
and OM had less estradiol and free testosterone versus YF and Y M, respectively, though not
statistically different (Table 1).
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Platelets (300x10%/ml) were naive (no sex hormone/[0.0001%]gnal. DMSO) or pre-treated
with testosterone for 15 minutes, and ESC was measured in response to either 20 uM ADP
or 2 uM PAF. There were no differences in the %ESC of the platelets between either males
or females when pre-treated with testosterone and stimulated with ADP or PAF (data not
shown).

Platelet Aggregation.

Platelets (300x10%/ml) were naive or pre-treated with either estradiol or testosterone,

and platelet aggregation was measured in response to various mediators. Testosterone
incubation significantly decreased aggregation vs. naive (no sex hormone pre-incubation)
in OF and OM for ADP-mediated aggregation and in all donor groups for PAF-mediated
aggregation (Fig.1A&B, p<0.05). Estradiol pre-incubation did decrease ADP-mediated
platelet aggregation in OM but did not affect any of the other patient cohorts in response to
ADP (Fig.1D).

Naive platelets from YM had significantly decreased ADP-mediated aggregation versus
naive platelets from OM and OF, and estradiol-treated platelets had decreased aggregation
to ADP versus estradiol-treated platelets from YF (Fig.1A&D, p<0.05, respectively).
Thrombin-induced aggregation in testosterone-treated platelets from YF and YM was
significantly increased from OM (Fig. 1C, p<0.05). Thrombin-induced aggregation in the
platelets from YF, and OF were significantly increased versus OM naive and in YF, OF, and
YM estradiol-treated platelets (Fig.1F, p<0.05, respectively).

CD62P and CD41a Surface Expression.

In all groups, ADP and PAF caused significant platelet activation based on increased CD62P
(%) surface expression. Naive and testosterone-treated YF platelets had significantly lower
percentage of CD62P than naive platelets from YM and testosterone-treated platelets from
YM and OF (Fig.2A). Similar to CD62P surface expression, ADP and PAF stimulation
significantly increased CD41a (MFI) (Fig.2B). Estradiol pre-treatment in OF and OM
control platelets had a significant increase in CD41a from the paired naive platelets;
testosterone pre-treatment in control YM and OM platelets was also significantly increased
from paired naive platelets. ADP stimulated estradiol treated platelets in OF and OM was
significantly higher than naive, ADP stimulated platelets (Fig.2B).

VEGF Release.

In naive male platelets PAF significantly increased VEGF release (p<0.05) (Table 1). ADP
significantly increased VEGF release in both male and female platelets pre-treated with
testosterone versus naive platelet controls (p<0.05). Lastly, testosterone pretreatment of male
platelets significantly inhibited PAF-mediated VEGF release vs. naive controls (Table 1,
p<0.05).
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Mitochondrial Stress Test.

Figure 3 depicts the mean + SEM of the OCR for 10 subjects in each sex/age group stratified
by pretreatment: vehicle (Panel A), testosterone (Panel B) or estradiol (Panel C) (Fig.3).
Figure 4 is comprised of 6 individual measurements from the data in Fig. 3.

The basal respiration (BR) of naive platelets (buffer and media only) from both OF and

YM was significantly increased when compared to the BR from platelets drawn from YF
(Fig.4A). Estradiol incubation decreased the BR of platelets from OM versus controls,
which did not occur in the other cohorts (Fig.4B, p<0.05). When comparing the BR between
the age/sex groups both the estradiol and testosterone pre-treated platelets from OF and

YM were increased versus estradiol- and testosterone-treated platelets from OM (Fig.4B,
p<0.05). The BR from estradiol-pretreatment of platelets from OF and YM was significantly
increased versus the BR from estradiol-pretreated platelets from YF (Fig.4B, p<0.05).

Although hormone treatment did not change ATP production compared to naive platelets
(Fig.4C), when comparing amongst the groups, ATP production was increased in naive,
testosterone- and estradiol-pretreated platelets in OF as compared to the naive, testosterone-,
and estradiol-pre-treated platelets from YF, respectively (Fig.4C, p<0.05), ATP production
from naive platelets from YM was also increased compared to ATP production in naive
platelets from both YF and OM; ATP production from estradiol-preincubated platelets OF
was increased versus ATP production in estradiol-pretreated platelets from OM (Fig.4C,
p<0.05).

Hormone treatment of platelets significantly decreased the maximum respiration (MR;
maximum amount of oxygen consumption) versus naive platelets, (Fig.4D). Both
testosterone and estradiol pre-incubation significantly decreased the maximum respiration
of platelets across all sex and age groups versus the respective naive controls for each group
(Fig.4D). When the groups stratified by age and sex were compared, the naive platelets from
YF have significantly less MR compared to naive platelets from both OF and YM (p<0.05,
respectively). Moreover, the MR of naive platelets from younger males have significantly
more MR versus the naive platelets from older males (p<0.05) (Fig.4D).

The spare respiratory capacity (SRC), or “potential energy” that is reserved for platelet use
during an energetic demand, were significantly affected by estradiol, since estradiol-treated
platelets from both YF and OF had a significantly decreased SRC versus their respective
naive controls (Fig,4E, p<0.05).

Testosterone pretreatment increased the nonmitochondrial response (NMR) in the platelets
from OM versus naive controls (Fig.4F, p<0.05). When comparing between the groups,
there were significant differences in NMR between both testosterone- and estradiol-treated
platelets from younger males versus testosterone- and estradiol-treated platelets from OM
(Fig.4F, p<0.05, respectively).

Although there were no intragroup differences in the extracellular acidification rate (ECAR)
amongst naive platelets versus sex hormone-pretreatment in the basal or the oligomycin
sensitive tests (Figs.5A & B), when the groups stratified by age and sex were compared,
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there were multiple differences in the basal ECAR: naive platelets from the OF (all
treatment groups) had significantly more basal ECAR compared to naive platelets from
younger females and OM (p<0.05, respectively) (Fig.5C). There are even more differences
between the groups in the oligomycin-sensitive ECAR: 1) estradiol-treated platelets have
increased ECAR versus naive controls from OF, 2) the platelets from OF have significantly
more oligomycin-sensitive ECAR for all treatments (naive, estradiol, and testosterone),
versus platelets from YF and from OM (Fig.5B, p<0.05, respectively. The naive platelets
from YM had more oligomycin-sensitive ECAR versus both naive platelets from both YF
and OM (Fig.5B, p<0.05, respectively).

Discussion

The presented data comprises an extensive assessment on the function and metabolism of
apheresis platelets with notable differences when stratified by donor sex and age, and the
administration of exogenous sex hormones at physiologic levels. Previous data showed that
apheresis platelets from female donors had increased ESC with ADP stimulation versus
male platelets and as presented, testosterone did not affect the ESC in platelets from both
female and male donors.* Female platelets had increased aggregation versus male platelets,
and more precisely, platelets from OF had more ADP-induced aggregation compared to YM;
whereas, platelets from YF had increased thrombin-mediated aggregation versus platelets
from both YM and OM. Additionally, exogenous testosterone administration decreased
ADP-mediated aggregation in female platelets, irrespective of age and in platelets from
OM in response to thrombin, but there were no intragroup differences when platelets were
pretreated with estradiol. Estradiol pretreatment did increase thrombin-induced aggregation
of platelets from YF, OF, and YM males versus platelets from OM.

In all donor groups both ADP and PAF increased CD62P surface expression versus the naive
controls. There were a few differences amongst the buffer-treated naive and testosterone
pre-treated platelets, which were small though significant. Increased surface expression of
CD41la is important because it is the GPIIb segment of the glycoprotein I1b/ll1a (GPIIb/I11a)
receptor, with CD61 being the GPllla segment, and is a marker of global fibrinogen receptor
surface expression.2>-33 In its active form, the GP11b/Illa receptor is an important mediator
for platelet aggregation by binding to fibrinogen and/or von Willebrand factor to cross-

link platelets for stable thrombus formation.25-27:34 Similar to aggregation, testosterone
pretreatment decreased CD41a surface expression in PAF-induced platelet activation in

the platelets from YF, YM, and OM groups and similar CD41a data for estradiol-treated
platelets has been reported.*

Platelet degranulation experiments illustrated that testosterone inhibited PAF-induced VEGF
release from male platelets. Interestingly, this testosterone-mediated inhibition of VEGF
release appears contrary to previous data which concluded that VEGF is increased with
excess androgens in males with prostate cancer; however, the source of the VEGF in these
patients may not be platelet-derived.3>

This study also evaluated multiple components of platelet mitochondrial function related
to sex, age, and exogenous hormone administration. Because platelets lack nuclei, the

Transfusion. Author manuscript; available in PMC 2023 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hadley et al.

Page 8

“relative platelet health” is dependent on mitochondrial function. Healthy platelets contain
5-8 mitochondria that are responsible for platelet metabolism, activation, and ATP
production.36:37 Platelet energy demand is met with a complex system of glycolysis (60%
ATP) and mitochondrial oxidative phosphorylation (40% ATP).37:38 The platelet is able

to adapt to different environments via its metabolic flexibility.3° There are metabolomic
differences in platelets dependent upon age and sex, notably that OM have increased levels
of metabolites from the pentose phosphate pathway, Krebs cycle, amino acid metabolism,
and free fatty acids.? The presented data reflect these observations, but are variable given
the microenvironment because there is a complex interplay of sex, age, and hormones, all
of which may affect mitochondrial function. Both estradiol and testosterone increased the
BR in certain groups as denoted previously. Secondly, the mitochondrial response to stress,
ATP production, was different depending on sex and age in that naive platelets from YF
produced less ATP compared to all other groups while platelets from OM had less ATP
production versus platelets from YM. Hormone pretreatment decreased ATP production in
select groups. Thirdly for maximum respiration, preincubation with either testosterone or
estradiol decreased the MR in the platelets from all groups compared to naive controls;
however, at baseline there are differences between the groups with the platelets from YF
having less MR versus the platelets from OF and OM, and the platelets from OM have less
MR than the platelets from YM.

In terms of the non-mitochondrial respiration capabilities, testosterone-preincubated
platelets from OM have an increased NMR compared to the respective naive controls group.
Thus, the addition of testosterone to the platelets from relatively testosterone-depleted OM
switches the cells’ respiration to be more dependent on pro-oxidant and pro-inflammatory
enzymes, including cyclooxygenase, cytochrome P450, or NADPH oxidases.#? Interestingly,
low-testosterone states, not high states, are associated with an increase in pro-inflammatory
cytokines.*2 Perhaps these data reflect the cellular inability to react to an acute rise in
testosterone levels, which could be similar to the testosterone-induced inhibition of VEGF
release. These results further highlight how blood donor sex and age could play a role

on recipient physiology. Additional studies need to be performed to further assesses the
mechanistic driver behind the mitochondrial stress response to sex hormone administration.

The mechanisms behind the differences imparted by donor sex dimorphisms and age

have not been elucidated. In regards to the effect of sex on platelet function, in some
studies males had decreased platelet aggregation versus females while others have shown
the opposite.443-45 Enhanced platelet activity may occur in the elderly compared to
younger individuals in relation to cardiovascular disease, and in these studies platelet
activation and aggregation were more robust in the elderly versus than in younger
patients.46-51.46,47,52,53 Thjs enhanced platelet activity was hypothesized to be responsible
for increased vascular and thrombotic pathology, leading to hypercoagulability and
cardiovascular disease.#6-51:46.47.52.53 |n addition, with increased age, there is a significant
decline in platelet number; in addition, females to have more platelets than males.>*58 To
correct for these numerical differences, platelets were diluted to a standard concentration
for all experiments to obviate any differences in platelet activity due to platelet number.
Importantly, day 1 apheresis platelets are stored in plasma, were employed without
additional washing, which may increase baseline platelet activity. Although the age
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stratification may appear indiscriminate, the differences in platelet function were apparent
in the oldest in the YF and YM groups versus the youngest in the OM and OF groups

and though both estradiol and testosterone were lower in OF and OM versus YF and YM,
respectively they were not significantly different. Lastly, many studies employ platelets
isolated from whole blood, and the reported data probes the question on which type of
studies are most important for assessing platelet activity and function, those from platelets
that cannot be “biologically used” or those platelets that will be transfused?

Sex and age of blood donors are not typically considered regarding platelet transfusions
and supplies of platelet concentrates may be limited. As mentioned, there are significant
differences in the circulating metabolites in the platelets from OM versus platelets

from females and YM.40 However, female platelets have higher circulating glutamine
concentrations and decreased levels of reduced glutathione, and decreased deaminated
purines and arginine metabolism into polyamines.4? This study, amongst others, further
exemplifies the differences in platelet activity depending on the donor age/sex, and the
possible clinical impact that this may impart on platelet recipients. Lastly, although the
addition of exogenous testosterone and estradiol does change platelet physiology, it does
not explain the age/sex differences in platelet function. The 15 minutes of sex hormone
incubation does result in receptor activation and non-nuclear changes in platelet physiology;
longer incubations at higher concentrations may be warranted, though they still may not
mimic years of sex hormone exposure on platelet progenitors, and animal modeling may be
needed.’

This investigation focused on two sex hormones, and future investigations should be
expanded to include progesterone and dehydroepiandrosterone. Platelet donors are not
rejected for estrogen or testosterone supplementation and measuring these hormones

in the plasma from apheresis platelets is not wholly accurate.22:5%-61 Additionally, all
platelets were drawn at donation centers where donor race is not screened, despite the
possible influence of race on platelet physiology.52-64 Additional studies should focus on
mechanistic drivers in hormone response and platelet function at molecular and cellular
levels.

In conclusion, platelet function and metabolism differ based on the sex and age of the
donor. Additionally, exogenous hormone administration at physiologic concentrations can
affect platelet function, notably the inhibitory capacity of testosterone. Sex differences in
platelet biology, because of baseline hormone status, question whether donor sex should
be considered for transfusion of blood products, and although the overall differences are
relatively small, they may represent a future avenue of studies for precision medicine.

This work was supported by the National Institute of General Medical Sciences of the National Institutes of Health
under grants T32GM008315 and RM1GM131968 and a grant UM1HL 120877 from NHLBI, NIH and Vitalant
Research Institute.
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Figure 1. The effects of testosterone- and estradiol- pre-treatments on the aggregation profile of
apheresis platelets vs. naive (0.0001% DMSO/no sex hormone) NS-treated platelets, compared

within and between sex and age groups.

Platelet aggregations were measured in response to ADP, PAF, or thrombin and only the
significant values are mentioned: Panel A) ADP: naive OF, OM vs. testosterone-treated
platelet aggregation, naive YM vs. OF, older males, Panel B) PAF: testosterone-pretreated
platelets vs naive in all groups, Panel C) Thrombin: no significance, Panel D) ADP: naive
OM vs. estradiol-treated, OM estradiol-pretreated platelets vs. estradiol-treated platelets
from YF, Panel E) PAF: No significance, Panel F) Thrombin: testosterone-treated OM from
YF and YM; naive OM vs. naive YF and OF, estradiol-treated OM vs. all estradiol groups.
Designation of symbols: * versus naive NS-treated, T versus YF, 1 versus OM, § versus OF,

p<0.05 (n=10 in all groups)
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Figure 2. The effects of estradiol and testosterone pretreatment on the activation (CD62P
expression) and surface expression of CD41la.

The % CD62P expression from CD41a+ platelets were measured by flow cytometry

in apheresis platelets pre-treated with buffer (naive), testosterone, or estradiol and the
stimulated with NS (control), ADP, or PAF. A. The % CD62P was significantly increased

in all stimulated (ADP and PAF) platelets. The control (unstimulated) platelets from YF,
both naive and testosterone-treated had significantly lower % CD62P expression than YM
and OF (testosterone only). B. CD41a surface expression (MFI) was measured and ADP and
PAF caused significant increases from control in naive, testosterone, and estradiol pretreated
groups. In YM and OM testosterone pre-treatment increased CD41a surface expression

vs. the naive. Estradiol pre-treatment increased the CD41a MFI in OF and OM naive and
ADP-stimulated platelets. Designation of symbols. * versus control; # versus Naive, p<0.05
(n=10-11)
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Figure 3. A compilation of mitochondrial respiration in platelets from donors stratified by sex
and age.
The mitochondrial respiration in platelets from YF, OF, YM, and OM are illustrated

in Seahorse tracings from naive (media-treated) platelets (Panel A), testosterone-treated
platelets (Panel B), and estradiol-treated platelets (Panel C). Oxygen consumption rate
(OCR, mean+SEM) of platelets from different ages/sexes is shown as a function of

different sequential measurements of mitochondrial stress treatment: baseline and hormone/
vehicle additions (basal respiration), oligomycin (ATP-linked respiration), FCCP (maximum
respiration) and Rot/AA (spare respiratory capacity); n=10 for each group.
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Figure 4. Platelet respiration stratified by donor sex and age.
Panel A The basal respiration of platelets from YF was significantly less than the

basal respiration of platelets from both OF and YM (p<0.05) (). Panel B. Estradiol
pretreatment significantly decreased the basal respiration of platelets from OM (p<0.05).
Testosterone pretreatment increased the basal respiration in OF and YM vs OM and estradiol
pre-treatment increased the basal respiration of platelets in both OF and YM compared

to younger females and older males (p<0.05). Panel C. ATP-linked production was
significantly higher in older females in naive, testosterone- and estradiol-treated platelets
vs YF but only estradiol was significant from OMs. YM naive platelets were significant
from both YF and OM. Panel D. Hormone treatment caused a significant decrease amongst
all groups for the maximum respiration. The maximum respiration of naive platelets from
OF and YM was significantly higher than YF, but only YM were statistically different

from OM. Panel E. The spare respiratory capacity was only affected by estradiol treatment
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in YF and OF from naive. Panel F. The non-mitochondrial respiration is significantly
lower in YM versus the platelets from OM with hormone treatment, both testosterone and
estradiol. Testosterone also caused a significant increase from naive in the platelets from
OM. Designation of symbols: * versus naive, T versus YF, and 1 versus OM, p<0.05 (n=10
in all groups).
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Figure 5. The platelet extracellular acidification rate (ECAR).
Pre-incubation with testosterone or estradiol did not affect the ECAR within the age/sex

groups (Panel A). The naive, testosterone- and estradiol-treated platelets from OF had
significantly increased ECARs from YF and OM, respectively (p<0.05) (Panel A).
Oligomycin-sensitive ECAR in platelets from OF was significantly increased from the
platelet from both YF and OM in naive, testosterone- and estradiol-treated platelets, and
testosterone treatment also had a significant increase from naive platelets (Panel B). The
naive platelets from YM were also significantly higher than the platelets from YF and OM
(Panel B). Designation of symbols: *versus naive, T versus YF, T versus OM, p<0.05 (n=10
in all groups).
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Table 1:

Donor Demographics, VEGF Release, and Sex Hormone Levels

Blood Type (%)
Sex Age groups | Mean Age years | Total Donors (265) A B (0] AB
+ - + - + - + -
Younger 37.4 (18-53) 57 117 | 04 | 19| 08 3.8 11|19 | 00
Female
Older 63.7 (55-76) 68 136 | 08 | 30| 04| 60 | 04 ] 151 0.0
Younger 32.6 (19-44) 59 106 | 04 | 23 | 0.0 6.1 041]119]08
Male Older 62.2 (45-91) 81 128 | 11|11 04| 106 | 11]19] 15
Pretreatment VEGF Release Hormone Level (n=10 each group)
(pg/ml)
Control | 52.3+3.4
Naive ADP 50.4+2.9 YF 161.4+49.8
Female (n=10 each PAF 59.9£5.3 Estradiol (pg/ml) NL 28-549 (Pre-
group) Control | 45.4+1.8 menopausal)
Testosterone | ADP 57.5+35" OF | 121.7+41.9
PAF 51.7+2.3
Control | 56.3+5.0
Naive ADP 60.8+6.0 YM | 7.1+2.0
PAF 70.0+5.8”
Male (n=10 each group) Control | 53.624.2 Free Testosterone (pg/ml) NL 4.5-42
Testosterone | ADP 65.6+7.0" om | 55+09
PAF 60.145.77

*
p<0.05 from Control,

fp<0.05 from Naive (no sex hormone/DMSO vehicle)
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