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COMMENTARY

In a recently published paper Barrett et al. characterized 
platelet gene expression in females with myocardial infarction 
(MI), delineating a molecular signature that distinguishes pa-
tients with MI due to obstructive coronary artery disease (MI-
CAD) from those with MI with non-obstructed coronary 
arteries (MINOCA).1 This is the first study to assess the platelet 
transcriptome specifically in females with different subtypes 
of MI and to look at platelet transcriptome signatures in func-
tion of time after a MI, addressing important gaps in sex-spe-
cific cardiovascular research and in the time-course of these 
changes.  

The human transcriptome is composed of a network of coding 
and non-coding RNAs, organized in spatial and temporal expres-
sion patterns that support multiple biological functions ensuring 
physiological homeostasis. Wide transcriptome variations char-
acterize pathological states, including those of the cardiovascular 
system, and transcriptional portraits can identify disease-specific 
combinations of upregulated and downregulated genes, which in 
turn define precise RNA expression patterns, named “signatures”.2 
A main aim of transcriptome investigations is to define repro-
ducible RNA signatures in polygenic, multifactorial conditions 
with the aim of identifying clinically useful molecular biomarkers 

able to accurately predict disease etiology, classification and pro-
gression.3 

For many years microarray-based methods have allowed the 
simultaneous screening of tens of thousands of transcripts by hy-
bridization to pre-designed and immobilized probes. Microarray-
based analysis of the human blood transcriptome4,5 had a seminal 
role in the development of ‘bloodomics’ and has been used to in-
vestigate several cardiovascular disorders, such as coronary heart 
disease, atherosclerosis, dyslipidemia, hypertension and cardiac-
transplant rejection. Since circulating blood is easily accessible 
and interacts with every organ and tissue in the body, it has been 
used as a surrogate to biopsy tissues for RNA profiling of several 
human diseases5 based on the hypothesis that peripheral blood has 
the capacity to reflect various pathological changes, including ath-
erosclerosis or tumor development.6 However, the microarray 
high-throughput approach can only detect predefined transcripts, 
and is limited by the high amount of RNA required.  

The development of next-generation sequencing technologies 
from the early 2000s has substantially improved the qualitative 
and quantitative investigation of coding RNA as well as of the in-
creasing number of non-coding RNA species, such as microR-
NAs, long non-coding RNAs and circular RNAs. The advent of 
deep RNA sequencing (RNA-seq) technologies has permitted the 
large scale quantification of coding transcripts and their splicing 
variants in disease conditions.7 Furthermore, RNA-seq applied to 
blood samples has permitted to investigate the transcriptomes of 
specific circulating cells, including platelets, as reported by Barret 
and colleagues.1 Further methodological advances have enabled 
single cell RNA sequencing (scRNA-seq)8,9 which may largely 
improve our understanding of the spatial and temporal transitions 
and interactions of healthy and diseased cells. 

Differences in gene dosage compensation, deriving from X-
chromosome inactivation, and in hormone levels cause dissimi-
larities between sexes in the expression of genes localized on sex 
chromosomes or involved in sex steroid pathways. A few genes 
display variable sex-biased expression across organs10 that in-
creases around sexual maturity.   

Platelets contain approximately 2.2 femtograms of total RNA 
per cell, about 1,000-fold less than nucleated cells. Despite their 
small RNA content, however, platelets possess a complex tran-
scriptome, including coding and non-coding RNAs. Transcripts 
from about half of the human genome are present in these termi-
nally differentiated cells showing an unexpected complexity, and 
include an estimated 7800 protein-coding genes.11 Approximately 
half of the transcripts in platelets encode mitochondrial genes.12 

Platelet mitochondria have been implicated in platelet activation 
and thrombosis by increasing reactive oxygen species (ROS) pro-
duction.13 Moreover, upon activation platelets release functional 

Platelet transcriptomic changes in myocardial infarction are sex and 
clinical subtype-related: a step forward towards precision medicine? 
 
Loredana Bury,1 Alessio Branchini,2 Francesco Bernardi,2 Paolo Gresele1 
 
1Department of Medicine and Surgery, Section of Internal and Cardiovascular Medicine, University of Perugia; 2Department of Life 
Sciences and Biotechnology, University of Ferrara, Italy 
 
 
 
 

Correspondence: Prof. Loredana Bury, Department of Medicine 
and Surgery, Section of Internal and Cardiovascular Medicine, Uni-
versity of Perugia, Piazza L. Severi 1/8, 06132 Perugia, Italy.  
E-mail: loredana.bury@unipg.it  
 
Key words: platelet transcriptome; myocardial infarction. 
 
Received: 28 December 2024. 
Accepted: 12 February 2025. 
 
Publisher’s note: all claims expressed in this article are solely those 
of the authors and do not necessarily represent those of their affili-
ated organizations, or those of the publisher, the editors and the re-
viewers. Any product that may be evaluated in this article or claim 
that may be made by its manufacturer is not guaranteed or endorsed 
by the publisher. 
 
©Copyright: the Author(s), 2025 
Licensee PAGEPress, Italy 
Bleeding, Thrombosis and Vascular Biology 2025; 1:173 
doi:10.4081/btvb.2025.173 
 
This work is licensed under a Creative Commons Attribution- 
NonCommercial 4.0 International License (CC BY-NC 4.0).



Platelet transcriptomic changes in myocardial infarction are sex and clinical subtype-related 29

mitochondria and the subsequent hydrolysis of mitochondrial 
membranes leads to the release of inflammatory mediators, such 
as lysophospholipids, fatty acids, and mitochondrial DNA, that 
can activate leukocytes and potentially contribute to atherogene-
sis.14 Of note, Barrett and colleagues found an increased expres-
sion of genes associated with mitochondrial dysfunction during 
the acute coronary event,1 consistent with the high energy demand 
associated with platelet activation typical of coronary syndromes 
met through oxidative phosphorylation by mitochondria.  

The platelet transcriptome also includes ribosomal RNAs 
(rRNAs), transfer RNA (tRNA), long non-coding RNAs 
(lncRNA), circular RNAs (circRNAs), microRNAs (miRNAs) 
and yRNA,15 and is predominantly inherited from megakary-
ocytes, their bone marrow precursors, although it can also be ac-
quired in the circulation (i.e. transferred from other cells or 
plasma). During megakaryocyte development RNA is transcribed, 
processed, and transferred into platelets. Mechanisms by which 
mRNAs are transferred from megakaryocytes to platelets remain 
largely elusive, however there is evidence that mRNAs are dif-
ferentially sorted rather than randomly distributed into platelets,16 

and hints that the megakaryocyte transcriptome patrimony may 
change depending on the environment in which megakaryocytes 
mature,17 like in inflammatory conditions such as those occurring 
during acute coronary syndromes. 

While platelets cannot transcribe new RNA, they are com-
petent for protein synthesis.18 Next generation sequencing 
(NGS) profiling of ribosome footprints in platelets identified 
thousands of ribosome-bound mRNAs, which means actively 
translated transcripts. Interestingly, mRNA translation was found 
to be enhanced in platelets from septic individuals and in other 
acute disease conditions, with active translation of hundreds of 
proteins.17,19-21 

Most coding mRNAs in platelets are mature, however 
platelets can also splice pre-mRNA into mature mRNA and trans-
late it into proteins in a signal-dependent fashion upon platelet ac-
tivation,22 this contributes to the variability in the platelet 
transcriptome. Other factors contribute to this variability including 
age and genetic regulators such as expression quantitative trait 
loci (eQTLs). Age-related differences have been observed in 
platelet RNA profiles, with neonates displaying distinct transcrip-
tomic features compared to adults, including altered expression 
of procoagulant and ribosomal genes.23,24 Accordingly, a reduced 
platelet response to stimuli can be observed in neonates and chil-
dren compared to adults.25 Genetic variation influences platelet 
transcript levels, as demonstrated by studies identifying numerous 
cis-eQTLs - genetic variants that regulate nearby gene expression. 
Some of these eQTLs are linked to key platelet traits, including 
aggregation and platelet count, highlighting the role of genetic 
regulation in platelet function.26,27 Given that mRNA and protein 
levels in platelets are strongly correlated28 mRNA is often used as 
a surrogate to identify altered proteins or pathways in disease.  

Previous studies on the platelet transcriptome in myocardial 
infarction (MI) showed that CD69 and MRP8/14 mRNA levels 
can distinguish between acute ST-elevation myocardial infarc-
tion (STEMI) and stable coronary artery disease (CAD). Addi-
tionally, protein levels of MRP8/14 showed a correlation with 
its mRNA expression, with elevated levels serving as an inde-
pendent predictor of cardiovascular risk.29 Subsequent studies 
demonstrated that MRP8/14 is linked to thromboxane-dependent 
platelet activation.30 In another study comparing patients with 

acute STEMI versus non-STEMI (NSTEMI) showed that sev-
eral transcripts display higher (FBXL4, ECHDC3, KCNE1, 
TAOK2, AURKB, ERG, and FKBP5) or lower (MIAT, 
PVRL3and PZP) expression in STEMI compared to NSTEMI 
platelets.31 Another study compared the platelet transcriptome 
from patients with STEMI, stable coronary artery disease 
(SCAD) and healthy subjects (HS) and identified five differen-
tially expressed genes in STEMI compared with the other 
groups: FKBP5, S100P, SAMSN1, CLEC4E and S100A12, sug-
gesting that the expression of these five genes can be considered 
as an early indicator of acute myocardial infarction.32 

These studies have consistently shown that the investigation 
of the platelet transcriptome may allow to identify biomarkers 
and to clarify pathophysiological mechanisms of acute coronary 
syndromes. Interestingly, differently from the above summarized 
studies, the recent paper from Barrett et al. assessed the tran-
scripts enriched in platelets during acute MI also months after 
the acute event, showing that they remained persistently altered 
and that correlated with long-term cardiovascular risk.1 These 
transcripts associated with important pathways for platelet func-
tion, such as the actin cytoskeleton, Rho GTPase signaling, mi-
tochondrial dysfunction and inflammatory signaling.1 Moreover, 
the biological pathways of the genes chronically decreased in 
platelets from MI patients were consistent with MI pathogenesis, 
including the decreased synthesis and metabolism of selenocys-
teine, an aminoacid involved in maintaining endothelial home-
ostasis and a non-prothrombotic platelet activation status, and 
confirmed the report of 35 years-ago of decreased selenium lev-
els in patients with acute MI.33 Impairment in selenocysteine 
synthesis has also been proposed as a mechanism of the coagu-
lopathy of COVID-19 patients.34 

In accordance with the above mentioned transcriptomic 
changes, key steps of protein synthesis were downregulated, such 
as the joining of the 60S ribosomal subunit for translation initia-
tion, the targeting of nascent proteins to membranes and transla-
tion termination.1 The study of protein synthesis by platelets is an 
evolving field of research35 and post�transcriptional and transla-
tional mechanisms, which are now considered to be part of the 
platelet functional repertoire, are altered in acute disease condi-
tions, like sepsis17 and thrombosis.36 On the other hand, transcripts 
related to inflammation, neutrophil degranulation and tumor 
necrosis factor-alpha (TNFα) signaling, were upregulated in 
women with MI-CAD.1 These findings align with the established 
role of platelets in orchestrating thromboinflammatory responses. 
Interestingly, the study of Barret and colleagues explored not only 
MI due to coronary artery atherothrombosis but also MINOCA, 
which is significantly more prevalent in women than men, by per-
forming RNA-seq of platelet transcripts in female patients. Inter-
estingly, MINOCA was characterized by a distinct molecular 
profile associated with vesicle transport and apoptosis regulation, 
reflecting potentially different pathophysiological mechanisms in 
these two types of acute coronary syndrome.  

The stability of these changes over time offers a unique op-
portunity for developing predictive biomarkers. In particular, the 
association between platelet transcriptomics and major adverse 
cardiovascular events (MACE) warrants further exploration in 
larger, longitudinal cohorts. 

The application of platelet transcriptomics to the study of 
human disease conditions is still in its infancy but holds great po-
tential for diagnosis, biomarker identification, patient monitoring 
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and personalized treatment. The different platelet transcriptome 
signatures of MI women with coronary artery atherosclerosis 
compared with those with MINOCA goes in the direction of pre-
cision medicine, providing new mechanistic insight into the 
platelet role and phenotype in different types of coronary artery 
diseases and potentially allowing to identify new biomarkers for 
acute coronary syndrome subtype identification. One limitation 
of this study, acknowledged by the authors, is that it was con-
ducted only in women, thus future research should aim to pinpoint 
key differences of MI-platelet transcriptomic signatures in broader 
populations, including male patients and individuals with different 
clinical conditions. 

 
 

References 
  1. Barrett TJ, Schlamp F, Muller M, et al. Myocardial infarction 

platelet gene expression signatures in women. J Am Coll Car-
diol Basic Trans Science 2024. Online ahead of print.  

  2. Kittleson MM, Hare JM. Molecular signature analysis: using 
the myocardial transcriptome as a biomarker in cardiovascular 
disease. Trends Cardiovasc Med 2005;15:130-8. 

  3. Kittleson MM, Ye SQ, Irizarry RA, et al. Identification of a 
gene expression profile that differentiates between ischemic 
and nonischemic cardiomyopathy. Circulation 2004;110: 
3444-51. 

  4. Liew CC, Dzau VJ. Molecular genetics and genomics of heart 
failure. Nat Rev Genet 2004;5:811-25. 

  5. Mohr S, Liew CC. The peripheral-blood transcriptome: new 
insights into disease and risk assessment. Trends Mol Med 
2007;13:422-32. 

  6. Margalit O, Somech R, Amariglio N, Rechavi G. Microarray-
based gene expression profiling of hematologic malignancies: 
basic concepts and clinical applications. Blood Rev 
2005;19:223-34. 

  7. Wang Z, Gerstein M, Snyder M. RNA-Seq: a revolutionary 
tool for transcriptomics. Nat Rev Genet 2009;10:57-63. 

  8. Grover A, Sanjuan-Pla A, Thongjuea S, et al. Single-cell RNA 
sequencing reveals molecular and functional platelet bias of 
aged haematopoietic stem cells. Nat Commun 2016;7:11075. 

  9. Grün D, van Oudenaarden A. Design and analysis of single-
cell sequencing experiments. Cell 2015;163:799-810.  

10. Rodríguez-Montes L, Ovchinnikova S, Yuan X, et al. Sex-bi-
ased gene expression across mammalian organ development 
and evolution. Science 2023;382:eadf1046. 

11. Simon LM, Edelstein LC, Nagalla S, et al. Human platelet 
microRNA-mRNA networks associated with age and gender 
revealed by integrated plateletomics. Blood 2014;123:e37-45. 

12. Bray PF, McKenzie SE, Edelstein LC, et al. The complex 
transcriptional landscape of the anucleate human platelet. 
BMC Genomics 2013;14:1. 

13. Momi S, Gresele P. The role of platelets in atherosclerosis: a 
historical review. Semin Thromb Hemost 2024. Online ahead 
of print. 

14. Boudreau LH, Duchez AC, Cloutier N, et al. Platelets release 
mitochondria serving as substrate for bactericidal group IIA-
secreted phospholipase A2 to promote inflammation. Blood 
2014;124:2173-83. 

15. Bury L, Gresele P. The amazing genetic complexity of anu-
cleated platelets. Bleeding Thromb Vasc Biol 2022;1:33. 

16. Cecchetti L, Tolley ND, Michetti N, et al. Megakaryocytes 
differentially sort mRNAs for matrix metalloproteinases and 
their inhibitors into platelets: a mechanism for regulating syn-
thetic events. Blood 2011;118:1903-11.  

17. Middleton EA, Rowley JW, Campbell RA, et al. Sepsis alters 
the transcriptional and translational landscape of human and 
murine platelets. Blood 2019;134:911-23. 

18. Schubert S, Weyrich AS, Rowley JW. A tour through the tran-
scriptional landscape of platelets. Blood 2014;124:493-502. 

19. Davizon-Castillo P, Rowley JW, Rondina MT. Megakary-
ocyte and platelet transcriptomics for discoveries in human 
health and disease. Arterioscler Thromb Vasc Biol 
2020;40:1432-40. 

20. Nassa G, Giurato G, Cimmino G, et al. Splicing of platelet 
resident pre-mRNAs upon activation by physiological stimuli 
results in functionally relevant proteome modifications. Sci 
Rep 2018;8:498.  

21. Wurtzel JGT, Lazar S, Askari S, et al. Plasma growth factors 
maintain constitutive translation in platelets to regulate reac-
tivity and thrombotic potential. Blood Adv 2024;8:1550-66. 

22. Rowley JW, Schwertz H, Weyrich AS. Platelet mRNA: the 
meaning behind the message. Curr Opin Hematol 
2012;19:385-91.  

23. Liu Z, Avila C, Malone LE, Gnatenko DV, et al. Age-restricted 
functional and developmental differences of neonatal 
platelets. J Thromb Haemost 2022;20:2632-45. 

24. Caparrós-Pérez E, Teruel-Montoya R, López-Andreo MJ, 
et al. Comprehensive comparison of neonate and adult 
human platelet transcriptomes. PLoS One 2017;12: 
e0183042. 

25. Hézard N, Potron G, Schlegel N, et al. Unexpected persist-
ence of platelet hyporeactivity beyond the neonatal period: a 
flow cytometric study in neonates, infants and older children. 
Thromb Haemost 2003;90:116-23.  

26. Thibord F, Johnson AD. Sources of variability in the human 
platelet transcriptome. Thromb Res 2023;231:255-63. 

27. Kammers K, Taub MA, Rodriguez B, et al. Transcriptional 
profile of platelets and iPSC-derived megakaryocytes from 
whole-genome and RNA sequencing. Blood 2021;137: 
959-68. 

28. Rowley JW, Weyrich AS. Coordinate expression of tran-
scripts and proteins in platelets. Blood 2013;121:5255-6. 

29. Healy AM, Pickard MD, Pradhan AD, et al. Platelet expres-
sion profiling and clinical validation of myeloid-related pro-
tein-14 as a novel determinant of cardiovascular events. 
Circulation 2006;113:2278-84. 

30. Santilli F, Paloscia L, Liani R, et al. Circulating myeloid-re-
lated protein-8/14 is related to thromboxane-dependent 
platelet activation in patients with acute coronary syndrome, 
with and without ongoing low-dose aspirin treatment. J Am 
Heart Assoc 2014;3:e000903. 

31. 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.  

32. Gobbi G, Carubbi C, Tagliazucchi GM, et al. Sighting acute 
myocardial infarction through platelet gene expression. Sci 
Rep 2019;9:19574. 

33. Kok FJ, Hofman A, Witteman JC, et al. Decreased selenium 
levels in acute myocardial infarction. JAMA 1989;261: 
1161-4. 

Bleeding, Thrombosis and Vascular Biology 2025; 1:173



Platelet transcriptomic changes in myocardial infarction are sex and clinical subtype-related 31

34. Vavougios GD, Ntoskas KT, Doskas TK. Impairment in se-
lenocysteine synthesis as a candidate mechanism of inducible 
coagulopathy in COVID-19 patients. Med Hypotheses 
2021;147:110475. 

35. Weyrich AS, Schwertz H, Kraiss LW, Zimmerman GA. Pro-

tein synthesis by platelets: historical and new perspectives. J 
Thromb Haemost 2009;7:241-6. 

36. Manne BK, Campbell RA, Bhatlekar S, et al. MAPK-inter-
acting kinase 1 regulates platelet production, activation, and 
thrombosis. Blood 2022;140:2477-89.

Bleeding, Thrombosis and Vascular Biology 2025; 1:173


