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ABSTRACT 

 

BACKGROUND: A Sex-specific, personalized approach to anti-platelet therapy may be 

important in patients with myocardial infarction (MI).   

OBJECTIVES:  Our goal was to determine whether platelets activate differently in healthy men 

and women compared to following MI. 

METHODS:  Blood was obtained from healthy subjects or patients presenting acutely with ST-

segment Elevation Myocardial Infarction (STEMI) and non-ST Segment Elevation Myocardial 

Infarction (NSTEMI).  Platelet function through surface receptor activation was examined in 

healthy subjects, in patients with MI, and in age- and strain-matched mice before and after MI.  

Multivariate regression analyses revealed clinical variables associated with platelet receptor 

sensitivity at the time of MI. 

RESULTS:  Platelets from healthy women are dose-dependently more active compared to men, 

particularly through the platelet thromboxane signaling pathway (7.8-fold increase in women vs. 

3.0-fold in men, P=0.02).  At the time of MI, platelet activation through surface protease-

activated receptor 1 (PAR1) was less in women than men (3.5-fold vs. 8.5-fold, respectively, 

P=0.0001).  Multivariate regression analyses revealed male sex (P=0.04) and NSTEMI 

(P=0.003) as independent predictors of enhanced platelet PAR1 signaling at the time of MI.  

Similar to humans, healthy female mice showed preferential thrombin-mediated platelet 

activation compared to male mice (8.7-fold vs. 4.8-fold, respectively; P<0.001).  In the 

immediate post-MI environment, male mice showed preferential thrombin-mediated platelet 

activation compared to female mice (12.4-fold vs. 5.5-fold, respectively; P<0.001). 
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CONCLUSIONS:  These results outline a previously unrecognized sex-dependent platelet 

phenotype where inhibition of thrombin signaling in the peri-MI environment—particularly in 

males—may be an important consideration. 

 

CONDENSED ABSTRACT 

Preclinical studies evaluating anti-platelet drugs are generally conducted in platelets isolated 

from healthy individuals.  Growing evidence suggests changes in platelet signaling properties in 

certain disease conditions compared to healthy platelets may alter the response to anti-platelet 

medications.   This investigation revealed that platelets from men and women who are healthy 

and following MI signal differently, particularly through thromboxane and PAR1 receptors.  This 

effect was especially noted in patients with NSTEMI compared to STEMI.  These observations 

raise the possibility of considering a sex-specific anti-platelet regimen for males and females in 

atheroembolic vascular diseases such as NSTEMI. 

.  
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INTRODUCTION 

Anti-platelet therapy for patients following a diagnosis of MI consists of aspirin and a 

P2Y12 receptor antagonists irrespective of whether the diagnosis is STEMI or NSTEMI.   Recent 

data conducted in humans and in relevant murine models of MI and peripheral arterial disease 

(PAD) suggests the platelet phenotype, platelet receptor signaling, and responsiveness to anti-

platelet medications are quite different from healthy platelets in which anti-platelet agents are 

first characterized (1-6). 

Patients with established vascular disease have a heightened risk of recurrent 

atherothrombotic events, often manifesting as (NSTEMI) (7).  Observational studies indicate 

long-term mortality for patients with NSTEMI remains greater than STEMI irrespective of 

appropriate cardiac catheterization and revascularization utilization (8,9).  We previously 

reported in a small patient cohort that platelets from patients with NSTEMI show differences in 

post-receptor signal transduction pathways including the platelet PAR1 pathway compared to 

platelets from patients with STEMI or from healthy individuals (1). 

Cardiovascular physiology and pharmacological responses in men and women are not the 

same (10).  Myocardial function and the ability to withstand ischemic insult may also differ in 

women compared to men (11-14).  Women who present with acute and chronic cardiovascular 

diseases remain under-studied and, therefore, are likely under-treated (15).  The clinical 

presentation, management, and response to therapies for MI may also be different in women 

compared to men (16,17).  Women with NSTEMI are less likely to be treated with an early 

invasive strategy than men though, curiously, this did not contribute to increased mortality in 

women (18).  
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Anti-platelet therapy prescribed following acute MI or as maintenance therapy in patients 

with coronary artery disease (CAD) does not consider whether the patient is male or female.  A 

recent meta-analysis suggested that low dose aspirin may be less efficacious in men compared to 

women based on weight and height being associated with adverse vascular events or bleeding 

diatheses (19).  We rather hypothesized that sex-specific differences in platelet signaling in 

health and at the time of MI may account for such population-based observations.  To test this 

hypothesis, we evaluated platelet signaling following agonist stimulation in healthy women and 

men, comparing those responses to platelet signaling in women and men presenting with acute 

MI.  We then interrogated our data to determine independent clinical variables predicting platelet 

responses though specific surface receptors for which prescription medications exist. 

 

 

METHODS 

HUMAN STUDIES 

Healthy volunteer subjects aged 19-89 were recruited by answering a posted document, and all 

were free from anti-platelet agent use or vasoactive substances. The post-MI patient cohort 

included STEMI and NSTEMI patients.  Delayed consent was granted for patients presenting 

with STEMI (within 24 hours of presentation) to avoid interfering with the door-to-balloon time.  

This also provided platelets obtained before they were affected by P2Y12 receptor antagonist 

load, and before angiography or coronary instrumentation. The sample was discarded if the 

patient declined to enroll and sign the consent form.  For patients with NSTEMI, subjects were 

already in the emergency department or hospital for 1-10 hours and identified by elevated plasma 

cardiac troponin (plasma value greater than the 99
th

 percentile of a healthy population with a 

10% assay coefficient of variation CV) and symptoms consistent with cardiac chest pain.  Each 
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patient was treated with 325 mg aspirin in the emergency department or the ambulance at least 

30 minutes prior to venous blood draw.  We enrolled 143 individuals: 26 healthy volunteers, and 

117 patients with acute MI.  Patients were de-identified and basic patient demographics and 

clinical characteristics were collected.  This study was approved by the University of Rochester 

Research Subjects Review Board (RRRB) protocols 61784 (patients with MI) and 28659 

(healthy subjects). 

 

PLATELET FUNCTION 

We used flow cytometry with measurement of platelet surface P-selectin to assess platelet 

function in a dose-dependent manner, as we have described previously (1).  Platelet surface P-

selectin is a marker of platelet alpha granule exocytosis in response to pharmacologic doses of 

platelet receptor agonists: ADP (P2Y12 receptor), TRAP-6 (PAR1), and U46619 (thromboxane 

receptor).  For the purposes of interrogating platelet activity, this technique is a reliable marker of 

platelet activation  and shows similar data to light transmission aggregometry (20).  Blood was 

collected by a trained medical professional into citrate plasma tubes.  Analysis occurred within 

60 minutes of blood collection.  Platelet rich plasma (PRP) was isolated, with each concentration 

of agonist stimulation performed in quadruplicate.  Following 15 minutes of agonist stimulation, 1 

L of labeled CD62P (P-selectin) antibody was incubated in the dark for 30 minutes.  Samples were 

fixed in 2% formalin, then platelet surface P-selectin was quantified on an Accuri Flow Cytometer 

(BD Biosciences).  Data was then processed through FloJo (Ashland, Oregon).  
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PLATELET SPREADING 

Glass slides were pre-coated the prior day with fresh human fibrinogen at a final concentration of 2.5 

mg/mL in PBS.  The fibrinogen-coated slides were washed three times with PBS and then incubated 

for 1 hour at 37°C with PRP from healthy subjects.  Platelets were then fixed in 4% formaldehyde in 

0.25% Triton X-100 for 20 minutes and then incubated with 0.3 μM rhodamine phalloidin for 30 

minutes.  The glass slides were then gently washed three times with PBS, and then imaged with a 

confocal microscope.  The investigator was blinded to the identity of the platelets until the analysis 

was complete and decoding occurred.  Random fields of platelets were imaged, and the average 

platelet area was calculated using ImageJ software (NIH). 

 

REAGENTS 

TRAP-6 (Cayman Chemicals # 3497), 2-methyl-ADP (Tocris, Bristol, UK # 475193-31-8), 

U46619 (Cayman Chemical # 56985-40-1), Thrombin (Sigma # 9002-04-4).  CD62P-PE 

antibody Clone AK4 # 12-0628-62 (Thermo Fisher Waltham, MA # F7496), CD62P-FITC (BD 

Pharmigen # Bdb553744) and FITC-Fibrinogen antibody (BD Pharimigen # F7496), P2Y12-

FITC (Alamone #Apr-020-f), PAR1-FITC (LSBio #LS-C395810), FITC- thromboxane (Cayman 

Chemical #10012559). 

 

EXPERIMENTAL ANIMALS 

Mouse colony:  All animal protocols were approved by the University Committee on Animal 

Resources (UCAR).  Eight-week-old male and female wild-type C57/BL6 mice were used in this 

study.  The left anterior descending coronary artery (LAD) was surgically ligated as we 

previously described to create a model of chronic ischemia which chronically activates platelets 
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over several days(2).  Retro-orbital blood collected into heparinized Tyrodes solution as 

described by us previously was used to isolate mouse PRP(2).   Methylene blue was injected and 

LV perfusion and ischemic area of risk confirmed the integrity of the model as we reported 

previously (2).  

 

STATISTICAL ANALYSIS 

Dichotomous clinical variables are presented as frequencies.  Continuous clinical variables are 

presented as mean with standard error of the mean (SEM) unless otherwise stated.  Normalcy of 

all data were firstly evaluated by the Shapiro–Wilk test.  For Gaussian-distributed data between 2 

comparative groups, the t-test was used to assess for a difference between groups, and for non-

Gaussian-distributed data, the Mann-Whitney U test was used.   For Gaussian-distributed data in 

3 or more groups, 1-way ANOVA then the Bonferroni multiple comparisons test was used, 

otherwise the Kruskal–Wallis test followed by Dunn post-test was used.  Multivariate regression 

analyses were conducted in the post-MI cohort to identify clinical variables independently 

associated with platelet activation.  Three separate models were performed to test for 

male/female and NSTEMI/STEMI specific differences in platelet reactivity through PAR1, the 

thromboxane receptor, and the P2Y12 receptor.  The model included the following variables: sex, 

STEMI or NSTEMI (MI), age (rounded to nearest decade), hyperlipidemia (cholesterol), chronic 

kidney disease (renal function), chronic venous insufficiency (venous disease), hypertension 

(blood pressure), presently on platelet inhibitors (anti-platelet therapy), and peripheral artery 

disease (arterial disease.)   Results include the parameter estimate ± 95% confidence interval 

(C.I.).  Significance was accepted as a P value <0.05.  Analyses were conducted using SAS 

version 9.4 (SAS Institute, North Carolina).   Graphical data and simple group comparisons were 
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illustrated using GraphPad Prism 7 (GraphPad Software, Inc., La Jolla, CA). 

RESULTS 

  

Sex differences in platelet signaling in healthy humans 

Platelet signaling in healthy individuals was interrogated by dose-response curves using 

platelet surface agonists for which orally-available antagonists are available.   Platelet PAR1 

receptor signaling was assessed by TRAP-6, the thromboxane receptor by U46619, and the 

P2Y12 receptor by ADP.  Platelets from women generally displayed more agonist responsiveness 

than men through the platelet receptors studied.  The platelet thromboxane signaling pathway, 

which is indirectly inhibited by aspirin, was strikingly more active in platelets from healthy 

women compared to men (Figure 1).  Spreading of human platelets on an extracellular fibrinogen 

matrix, which is suggestive of glycoprotein IIb/IIIa (GPIIb/IIIa) activativity, was enhanced in 

women compared to men (Figure 2). 

Sex differences in platelet signaling post-MI in humans 

Using a single platelet receptor agonist concentration which best evoked platelet 

responses in healthy platelets, we examined platelet activation in women and men presenting 

acutely with STEMI and NSTEMI prior to receiving a loading dose of a P2Y12 receptor 

antagonist and prior to coronary angiography.  Table 1 shows the baseline clinical characteristics 

of the study population.  Except for HDL, the clinical and demographic variables were similar in 

NSTEMI vs. STEMI and Male vs. Female participant groups.  Contrary to our observation in 

healthy platelets, platelets in the immediate post-MI environment were more reactive through 

platelet PAR1 by 2.7-fold in men compared to women (P=0.001), and 1.6-fold more reactive for 

men compared to women through the platelet P2Y12 receptor (P=0.04).  There was no difference 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


 

 

10 

 

in platelet activation between men and women through the platelet thromboxane receptor 

following MI (Figure. 3).  

A side-by-side comparison of platelets from healthy individuals compared to those at the 

time of MI revealed platelet PAR1 signaling decreased in women (P=0.031) and increased in 

men at the time of MI (P=0.0083, Figure S1).  Similarly, platelets from women at the time of MI 

were less active through the P2Y12 receptor compared to platelets from healthy women 

(P=0.028).  Platelets were slightly more active in men through the P2Y12 receptor at the time of 

MI compared to healthy men (p=0.055). 

Multivariate regression analyses revealed that STEMI compared to NSTEMI was 

negatively associated with platelet thromboxane receptor function (PE -2.31, 95% CI -4.54 to -

0.07, p=0.04.).  The presence of dyslipidemia (PE -5.18, 95% CI -9.29 to -1.06, P=0.01), female 

sex (PE -3.35, 95% CI -6.52 to -0.18, P=0.04), and STEMI (PE -4.71, 95% CI -7.7 to -1.7, 

P=0.003) were negatively associated with platelet activation through PAR1 (Figure 4).  The 

observation that NSTEMI is more prominent in men and the strongest clinical predictor of 

platelet PAR1 signaling aligns with our previous observation in patients with NSTEMI (1), and 

contrasts what we observed in healthy individuals where women showed enhanced platelet 

PAR1 signaling (Figure 1).  None of the clinical variables—including patient sex—were 

independently associated with platelet P2Y12 receptor function. 

Sex differences in platelet surface receptor expression in humans  

Using flow cytometry, we assessed whether differences in platelet surface PAR1, 

thromboxane, and P2Y12 receptor expression were responsible for the observed changes in 

platelet activation in women and men in health and following NSTEMI.  Mild differences in 
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platelet PAR1 receptor expression were noted with increased expression in stimulated healthy 

men(P=0.02) but not healthy women (P=0.08) platelets, and in both stimulated male NSTEMI 

platelets (P=0.023) and in stimulated female NSTEMI platelets (P=0.019).  Platelet PAR1 

expression in unstimulated healthy platelets compared to unstimulated NSTEMI platelet was 

similar in men and mildly increased in women (P=0.03) (Figure S2).  Alterations in platelet 

surface receptor expression, therefore, is less likely to explain the profound increase in platelet 

PAR1 signaling observed in men presenting with NSTEMI (Figures 3-4). 

Platelet surface thromboxane receptor expression was only greater in unstimulated 

NSTEMI platelets isolated from men compared to unstimulated healthy platelets (P=0.01), and 

for stimulated healthy platelets compared to stimulated NSTEMI platelets in men (P=0.04) 

(Figure S3).  Only stimulated male NSTEMI platelets showed greater P2Y12 surface expression 

(105 vs. 61 MFI, P=0.045) (Figure S4).   

Sex differences in platelet signaling in healthy mice and in mice following MI 

 The mature platelet has a surprisingly dynamic protein expression profile which may be 

responsible for changes in platelet phenotype.  Based on changes in agonist sensitivity, the 

response to anti-platelet agents, and platelet proteomic profiles, we concluded that the mature 

platelet phenotype can change in vivo and in vitro in humans and in mouse models of hypoxic 

and ischemic disease (21).  Given our present observation that platelet thrombin signaling differs 

in men and women in health and following MI, we employed an established murine MI model 

previously found to have ongoing thrombin-mediated platelet activation in the post MI 

environment (2).  Using each mouse as its own control, we compared platelet activation in male 

and female mice in the immediate pre-MI (healthy) environment to the post-MI (ischemic) 
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environment.  Consistent with our observation in human platelets, healthy female mouse platelets 

compared to male platelets preferentially signal through thrombin receptors (MFI 8.68-fold over 

baseline  0.34 vs. 4.79-fold over baseline  0.38, P=0.0002) and, 3 days after MI, were less 

reactive than males through thrombin receptors (MFI 12.4-fold over baseline  0.4 vs. 5.1-fold 

over baseline  0.38, P=0.0002) (Figure 5A).  This observation is particularly striking given the 

area at risk in the ischemic left ventricle was slightly greater in females at the time of MI 

compared to males.  This suggests an intrinsic difference in platelet signaling for males and 

females in the disease rather than the severity of the disease model (Figure 5B).  

 

DISCUSSION 

 To our knowledge, the present study is the first to directly compare platelet signaling in 

women with men in healthy conditions and in the post-MI environment.  We purposefully 

investigated only platelet signaling pathways for which anti-platelet and anti-thrombotic agents 

exist to maximize the translational impact of the study.  Comparing platelet signaling in health to 

the immediate post-MI environment, a reciprocal switch in platelet activation through protease-

activated receptors occurs, with attenuated signaling in women and increased signaling in men 

during MI.  This was further corroborated by reproducing this sex-specific observation in mice, 

suggesting a conserved rather than a species-specific physiologic phenomenon.  

Our sex-specific observations in platelet signaling following MI was most pronounced in 

NSTEMI compared to STEMI, validating previous reports that platelets in each condition may 

be fundamentally different (1,22,23).  By multivariate regression analysis, it is potentially 

revealing that NSTEMI independently predicted both platelet PAR1 and thromboxane, but not 
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P2Y12 receptor signaling.  This suggests that blocking platelet thromboxane production with 

aspirin and blocking the platelet PAR1 receptor directly with an antagonist such as vorapaxar, or 

indirectly with an anticoagulant, may be most beneficial in NSTEMI as implied in the original 

COMPASS study (24).   

 Women have historically been under-studied in scientific investigations.   We confirmed 

the observation of Becker et al. that thromboxane-mediated platelet activation in health is more 

significant for women than men (25).  Well-designed population-based studies failed to show 

that aspirin confers significant protection from adverse cardiovascular events in men when used 

for primary preventive purposes  (26,27).  When used for primary prevention in females, aspirin 

does, however, confer some protection against thrombotic stroke (28).  A recent meta-analysis of 

five studies by Rothwell et al. suggested low dose aspirin may lack a protective effect in the 

majority of men due to possible under-dosing (19).  While body mass and height tend to be 

greater in men, this association does not necessarily confirm causation.  Based on our present 

results, we propose that healthy women have a platelet phenotype which is particularly sensitive 

to activation through thromboxane-mediated signaling which is blocked when aspirin 

irreversibly acetylates cyclooxygenase, and so healthy women may therefore derive more benefit 

from aspirin for primary prevention (29).  When platelet thromboxane production is blocked, 

there is a reduction in thromboxane secretion and, platelet ‘auto-activation’, which is an 

important amplification step in thrombus formation, is attenuated (30).  A very recent study in a 

murine mode of arterial thrombosis confirmed that lower doses of aspirin (81-100 mg) 

satisfactorily attenuate the thrombotic potential of platelets through thromboxane inhibition, 

while higher doses of aspirin, by preventing platelet prostacyclin production, promote bleeding 

(31).  It is noteworthy, however, that the investigators only studied male mice.  We therefore 
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caution that there is neither clear evidence to suggest empirically increasing the dose of aspirin in 

men confers additional protective properties from thrombosis nor is there evidence to suggest 

that high dose aspirin promotes more bleeding in women.  Conducting a study in healthy women 

and men with low (81 mg), intermediate (162 mg), and high (325 mg) dose aspirin, assessing 

thromboxane B2 to assess adherence and efficacy, then evaluating several methods of platelet 

activation through the thromboxane receptor will be required to truly prove whether a divergent 

platelet phenotype in women and men is responsible for the differences in cardiovascular 

outcomes observed with aspirin use. 

 We observed that platelet GPIIb/IIIa activation in healthy human platelets is greater in 

females.  The CRUSADE study revealed female patients with NSTEMI treated with an 

intravenous GPIIb/IIIa antagonist have more bleeding than males, suggesting a sex-specific 

difference in GPIIb/IIIa signaling(17).  At this time, intravenous GPIIb/IIIa antagonist dosing 

regimens do not account for gender-specific differences in platelet activation.  Future 

investigations should focus on a gender-dependent effect of GPIIb/IIIa antagonists in the post-MI 

setting and on cardiovascular outcomes.   

Off-target effects of anti-platelet agents and unexpected lack of efficacy in patients with 

certain demographic profiles or in certain clinical scenarios has been extensively reported.  

Single nucleotide polymorphisms in genes encoding enzymes for P2Y12 antagonist metabolism, 

opiate-mediated alterations in P2Y12 antagonist absorption, and metabolic disease-mediated 

alterations in the P2Y12 receptor conformation are proposed mechanism for failure of clopidogrel 

and ticagrelor to exert their anti-platelet affect (4,32,33).  Enteric-coated aspirin resulting in 

delayed absorption, changes in the activity of drug transporters, and possible under-dosing are 

proposed mechanisms to explain an alteration in the efficacy of aspirin (19) (34).  Determination 
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of a gender-specific difference in these clinical situations as we present here is a logical 

extension of those previous studies.  We previously reported that proteomic profiles, agonist 

sensitivity, and anti-platelet medication efficacy are altered in humans and in murine models of 

MI and peripheral artery disease (1,3).  We now suggest, based on the present data, that platelets 

in patients with acute MI are primed toward augmented PAR signaling in men.   Reasons for 

augmented platelet activation in males at the time of MI are unlikely to be explained only by sex-

specific changes in platelet surface receptor density which we report here, but likely involve 

several alterations in post-receptor signal transduction pathways in male and female platelets.  

Further studies should focus on examining downstream (post-receptor) signal transduction 

pathways in platelets. 

The present data supports our prior observations in a small patient cohort that platelets 

from patients with NSTEMI preferentially activate through PAR1 compared to platelets from 

patients with STEMI, though clinical and demographic variables to account for the observation 

were unclear (1).   We now identify sex as an independent predictor of platelet PAR1 signaling 

following NSTEMI.  The Acute Coronary Syndromes (TRACER) study suggested that a PAR1 

antagonist added to dual anti-platelet therapy (DAPT) had some benefit in reducing adverse 

cardiovascular events with an increased risk of major bleeding (35), while a PAR1 antagonist 

alone in patients with established vascular disease significantly prevented arterial thrombosis and 

limb ischemia (36).  Similarly, the MANAGE study showed that direct thrombin inhibition with 

dabigatran in patients with vascular disease and evidence of myocardial injury at the time of non-

cardiac surgery conferred protection from thrombosis and vascular death (37).  Focusing more on 

inhibiting platelet Protease Activated Receptors (PARs) or circulating thrombin as a mechanistic 
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intervention—particularly in males in the peri-MI environment—is logical based on the current 

findings and previous investigations.   

Using a Factor Xa inhibitor alone in the ATLAS ACS2 study (38) or in combination with 

aspirin in the COMPASS study, there was a dramatic reduction in atheroembolic events and 

improved mortality in patients with known vascular disease (39).   It is noteworthy that these 

studies showed outcomes that were several-fold greater in men than women.  The present study 

and our clinical experience is that twice as many males as females present with acute MI.  

Together, these observations raise the possibility that indirectly blocking thrombin with a Xa 

inhibitor may show the most survival benefit in males as reported (24,39).   Moreover, since Xa 

inhibitors indirectly inhibit circulating downstream Factor IIa (thrombin) activity (40), it is 

striking that our present study confirmed in both humans and in mice that thrombin-mediated 

platelet activation is especially important in males in the immediate post-MI environment.   

 

STUDY LIMITATIONS 

This investigation provides mechanistic insight that platelets from males and females 

respond differently to surface receptors for which drugs are available in health and following MI.  

A prospective investigation in which platelet thromboxane receptor signaling is blocked directly 

(aspirin) and platelet thrombin signaling is blocked directly (thrombin antagonist, PAR1 

antagonist) or indirectly (Factor Xa inhibitor) will be required to assess whether sex-specific 

antithrombotic therapy should be employed acutely to affect mortality in patients with acute MI.  

Sex-specific differences in platelet signaling should also be examined in patients with chronic 
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vascular disease such as CAD and PAD in whom recurrent atheroembolic events involving 

platelets are common. 

 

CONCLUSIONS 

Inhibiting both platelet thrombin and thromboxane signaling in multiple vascular beds 

could be one mechanism for improving outcomes in stable vascular disease and in patients 

transitioning off dual anti-platelet therapy between 6 to 24 months post-MI.  Our results indicate 

that greater attention should be directed towards whether changes in the platelet phenotype in 

women and men are responsible for differences in outcomes and responsiveness to anti-platelet 

medications. 

 

PERSPECTIVES 

COMPETENCY IN MEDICAL KNOWLEDGE:  Platelet thromboxane receptor and 

glycoprotein IIb/IIIa signaling were especially active in platelets from healthy females compared 

to males.  Platelet PAR1 was strongly activated in males and attenuated in females at the time of 

MI compared to healthy conditions. 

TRANSLATRIONAL OUTLOOK:   Platelet phenotype and function are different in health and 

in the immediate post-MI environment for women and men, and therefore may shows differences 

in the response to anti-platelet agents.  The predilection of platelets from healthy women to be 

activated by thromboxane pathway signaling may explain why aspirin appears to be more 

protective for stroke prevention compared to men.  NSTEMI independently predicted platelet 

PAR1 as well as platelet thromboxane signaling but not P2Y12 receptor signaling, providing 
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mechanistic as to why Factor Xa inhibitors in conjunction with aspirin are so effective in 

preventing recurrent atheroembolic events. 

 

Acknowledgements:  We would like to Dr. Johns Gassler for advice on timing of blood 

collection, and Ms. Rachel Schmidt for technical assistance. 

 

Sources of Funding: This study was supported by the following grants: 3-K08HL128856, 

HL12020, as well as a University of Rochester Department of Medicine Pilot Grant to SJC, 

NYSERDA award #59800 to DQR and SJC.  

Disclosures: None 

 

 

 

 

 

 

 

 

 

 

 

 

 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


 

 

19 

 

References 

1. Schmidt RA, Morrell CN, Ling FS et al. The platelet phenotype in patients with ST-segment elevation 

myocardial infarction is different from non-ST-segment elevation myocardial infarction. Transl Res 

2018;195:1-12. 

2. Cameron SJ, Ture SK, Mickelsen D et al. Platelet Extracellular Regulated Protein Kinase 5 Is a Redox 

Switch and Triggers Maladaptive Platelet Responses and Myocardial Infarct Expansion. Circulation 

2015;132:47-58. 

3. Cameron SJ, Mix DS, Ture SK et al. Hypoxia and Ischemia Promote a Maladaptive Platelet Phenotype. 

Arterioscler Thromb Vasc Biol 2018. 

4. Hu L, Chang L, Zhang Y et al. Platelets Express Activated P2Y12 Receptor in Patients With Diabetes 

Mellitus. Circulation 2017;136:817-833. 

5. Dann R, Hadi T, Montenont E et al. Platelet-Derived MRP-14 Induces Monocyte Activation in Patients 

With Symptomatic Peripheral Artery Disease. J Am Coll Cardiol 2018;71:53-65. 

6. Wisman PP, Teraa M, de Borst GJ, Verhaar MC, Roest M, Moll FL. Baseline Platelet Activation and 

Reactivity in Patients with Critical Limb Ischemia. PLoS One 2015;10:e0131356. 

7. Zeymer U, Riedel K, Hahn M. Medical Therapy and Recurrent Ischemic Events in High Risk Patients 

Surviving their Myocardial Infarction for at Least 12 Months: Comparison of Patients with ST Elevation 

Versus Non-ST Elevation Myocardial Infarction. Cardiol Ther 2017;6:273-280. 

8. Fox KA, Steg PG, Eagle KA et al. Decline in rates of death and heart failure in acute coronary syndromes, 

1999-2006. JAMA 2007;297:1892-900. 

9. Chan MY, Sun JL, Newby LK et al. Long-term mortality of patients undergoing cardiac catheterization for 

ST-elevation and non-ST-elevation myocardial infarction. Circulation 2009;119:3110-7. 

10. Chaudhari S, Cushen SC, Osikoya O et al. Mechanisms of Sex Disparities in Cardiovascular Function and 

Remodeling. Compr Physiol 2018;9:375-411. 

11. Lansky AJ, Pietras C, Costa RA et al. Gender differences in outcomes after primary angioplasty versus 

primary stenting with and without abciximab for acute myocardial infarction: results of the Controlled 

Abciximab and Device Investigation to Lower Late Angioplasty Complications (CADILLAC) trial. 

Circulation 2005;111:1611-8. 

12. Chung AK, Das SR, Leonard D et al. Women have higher left ventricular ejection fractions than men 

independent of differences in left ventricular volume: the Dallas Heart Study. Circulation 2006;113:1597-

604. 

13. Jain M, Liao R, Podesser BK, Ngoy S, Apstein CS, Eberli FR. Influence of gender on the response to 

hemodynamic overload after myocardial infarction. Am J Physiol Heart Circ Physiol 2002;283:H2544-50. 

14. Shioura KM, Geenen DL, Goldspink PH. Sex-related changes in cardiac function following myocardial 

infarction in mice. Am J Physiol Regul Integr Comp Physiol 2008;295:R528-34. 

15. Alabas OA, Gale CP, Hall M et al. Sex Differences in Treatments, Relative Survival, and Excess Mortality 

Following Acute Myocardial Infarction: National Cohort Study Using the SWEDEHEART Registry. J Am 

Heart Assoc 2017;6. 

16. Araujo C, Laszczynska O, Viana M et al. Sex differences in presenting symptoms of acute coronary 

syndrome: the EPIHeart cohort study. BMJ Open 2018;8:e018798. 

17. Kralev S, Hennig O, Lang S et al. Sex-based differences in clinical and angiographic outcomes in patients 

with ST-elevation myocardial infarction treated with concomitant use of glycoprotein IIb/IIIa inhibitors. 

Cardiol J 2010;17:580-6. 

18. Gupta T, Kolte D, Khera S et al. Contemporary Sex-Based Differences by Age in Presenting 

Characteristics, Use of an Early Invasive Strategy, and Inhospital Mortality in Patients With Non-ST-

Segment-Elevation Myocardial Infarction in the United States. Circ Cardiovasc Interv 2018;11:e005735. 

19. Rothwell PM, Cook NR, Gaziano JM et al. Effects of aspirin on risks of vascular events and cancer 

according to bodyweight and dose: analysis of individual patient data from randomised trials. Lancet 

2018;392:387-399. 

20. Fox SC, May JA, Dovlatova N et al. How does measurement of platelet P-selectin compare with other 

methods of measuring platelet function as a means of determining the effectiveness of antiplatelet therapy? 

Platelets 2018:1-6. 

21. Cameron SJ, Mix DS, Ture SK et al. Hypoxia and Ischemia Promote a Maladaptive Platelet Phenotype. 

Arterioscler Thromb Vasc Biol 2018;38:1594-1606. 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


 

 

20 

 

22. Ward JA, Esa N, Pidikiti R et al. Circulating Cell and Plasma microRNA Profiles Differ between Non-ST-

Segment and ST-Segment-Elevation Myocardial Infarction. Fam Med Med Sci Res 2013;2:108. 

23. Eicher JD, Wakabayashi Y, Vitseva O et al. Characterization of the platelet transcriptome by RNA 

sequencing in patients with acute myocardial infarction. Platelets 2016;27:230-9. 

24. Anand SS, Bosch J, Eikelboom JW et al. Rivaroxaban with or without aspirin in patients with stable 

peripheral or carotid artery disease: an international, randomised, double-blind, placebo-controlled trial. 

Lancet 2017. 

25. Becker DM, Segal J, Vaidya D et al. Sex differences in platelet reactivity and response to low-dose aspirin 

therapy. JAMA 2006;295:1420-7. 

26. Seshasai SR, Wijesuriya S, Sivakumaran R et al. Effect of aspirin on vascular and nonvascular outcomes: 

meta-analysis of randomized controlled trials. Arch Intern Med 2012;172:209-16. 

27. Ikeda Y, Shimada K, Teramoto T et al. Low-dose aspirin for primary prevention of cardiovascular events in 

Japanese patients 60 years or older with atherosclerotic risk factors: a randomized clinical trial. JAMA 

2014;312:2510-20. 

28. Ridker PM, Cook NR, Lee IM et al. A randomized trial of low-dose aspirin in the primary prevention of 

cardiovascular disease in women. N Engl J Med 2005;352:1293-304. 

29. Warner TD, Nylander S, Whatling C. Anti-platelet therapy: cyclo-oxygenase inhibition and the use of 

aspirin with particular regard to dual anti-platelet therapy. Br J Clin Pharmacol 2011;72:619-33. 

30. Offermanns S. Activation of platelet function through G protein-coupled receptors. Circ Res 2006;99:1293-

304. 

31. Ni R VN, Zhou J, Weitz JI, Cattaneo M, Gross PL. Effect of Different Doses of Acetylsalicylic Acid on the 

Antithrombotic Activity of Clopidogrel in a Mouse Arterial Thrombosis Model. Athersclerosis, 

Thrombosis, and Vascular Biology 2018. 

32. Viviani Anselmi C, Briguori C, Roncarati R et al. Routine assessment of on-clopidogrel platelet reactivity 

and gene polymorphisms in predicting clinical outcome following drug-eluting stent implantation in 

patients with stable coronary artery disease. JACC Cardiovasc Interv 2013;6:1166-75. 

33. McEvoy JW, Ibrahim K, Kickler TS et al. Effect of Intravenous Fentanyl on Ticagrelor Absorption and 

Platelet Inhibition Among Patients Undergoing Percutaneous Coronary Intervention: The PACIFY 

Randomized Clinical Trial (Platelet Aggregation With Ticagrelor Inhibition and Fentanyl). Circulation 

2018;137:307-309. 

34. Bhatt DL, Grosser T, Dong JF et al. Enteric Coating and Aspirin Nonresponsiveness in Patients With Type 

2 Diabetes Mellitus. J Am Coll Cardiol 2017;69:603-612. 

35. Tricoci P, Huang Z, Held C et al. Thrombin-receptor antagonist vorapaxar in acute coronary syndromes. N 

Engl J Med 2012;366:20-33. 

36. Bonaca MP, Gutierrez JA, Creager MA et al. Acute Limb Ischemia and Outcomes With Vorapaxar in 

Patients With Peripheral Artery Disease: Results From the Trial to Assess the Effects of Vorapaxar in 

Preventing Heart Attack and Stroke in Patients With Atherosclerosis-Thrombolysis in Myocardial 

Infarction 50 (TRA2 degrees P-TIMI 50). Circulation 2016;133:997-1005. 

37. Devereaux PJ, Duceppe E, Guyatt G et al. Dabigatran in patients with myocardial injury after non-cardiac 

surgery (MANAGE): an international, randomised, placebo-controlled trial. Lancet 2018;391:2325-2334. 

38. Mega JL, Braunwald E, Wiviott SD et al. Rivaroxaban in patients with a recent acute coronary syndrome. 

N Engl J Med 2012;366:9-19. 

39. Eikelboom JW, Connolly SJ, Bosch J et al. Rivaroxaban with or without Aspirin in Stable Cardiovascular 

Disease. N Engl J Med 2017;377:1319-1330. 

40. Samama MM. The mechanism of action of rivaroxaban--an oral, direct Factor Xa inhibitor--compared with 

other anticoagulants. Thromb Res 2011;127:497-504. 

 

certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415


certified by peer review) is the author/funder. All rights reserved. No reuse allowed without permission. 
The copyright holder for this preprint (which was notthis version posted March 17, 2019. ; https://doi.org/10.1101/580415doi: bioRxiv preprint 

https://doi.org/10.1101/580415

