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Abstract:  
The understanding of platelet biology stepped out of the (patho)physiology of hemostasis 
long ago. Currently, platelets are acknowledged as effective sentinels against pathogens 
and powerful regulators of inflammatory processes. While accomplishing these tasks, their 
structural and physiological features undergo constant changes, often associated with the 
proteomics indices in the tissues and biofluids. Assessing these associations in different 
animal species provides a substantial comparative benefit. Nevertheless, the sine qua non 
for the reliable interpretation of the obtained data is a comprehensive understanding of 
the applied analytical and bioinformatics methods.    
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1. Introduction 

In general, two main perceptions provide the rationale for the multidisciplinary research 
interest in the platelet biology features as part of the immunity-related network. The first 
is the evolutionary perspective, as the platelet immunocompetency in vertebrates occurs 
as a relict from the predecessor in the invertebrates‒hemocyte, the cell in control of the 
hemolymph volume homeostasis and the immune response. The second concept emerged 
some ten years ago, with the description of immunothrombosis, a powerful intravascular 
innate immunity phenomenon, conjoining coagulation with the immune mechanisms, 
both cellular and humoral (Carestia et al., 2022). 

An extensive repository of experimental results allows consideration of platelets as senti-
nels against pathogens and acknowledges their involvement in shaping the immune re-
sponse against them. Platelets accomplish these tasks either alone or via crosstalk with 
immunocompetent cells, such as monocytes, neutrophils, and lymphocytes (Magraf and 
Zarbock, 2019; Carestia et al., 2022). An analogy is evident regarding the platelets' roles in 
hemostasis and immunity. First, their involvement requires a trigger signal. During hemo-
stasis, vascular injury initiates the platelet aggregation cascade. In terms of immune prop-
erties, the presence of pathogen- or damage-associated molecular patterns, recognized via 
their corresponding receptors, generates their activation. The analogy further expands to 
effector molecules secreted from platelet granules. Depending on the trigger responsible 
for platelet activation, the individual components of the platelet secretome converge their 
activities towards hemostatic outcomes or pathogen elimination. Finally, both hemostatic 
and immune/inflammatory activities require tight control mechanisms to prevent their 
transformation from protective to severely detrimental phenomena such as thrombosis, 
systemic inflammatory response syndrome, or chronic inflammation (Margraf and Zar-
bock, 2019). Plasticity characterizes the platelet functional phenotype, thus facilitating ad-
justment to real-time (micro) environmental requirements. Among the numerous factors, 
reliable sensing of these requirements depends on a cluster of host-originating proteins 
(Margraf and Pareti, 2022). Therefore, a comprehensive analysis of the different proteome 
compartments, such as tissue(s) and body fluids, is an approach of choice for deciphering 
the interactions between platelets and their environment. 

The interspecies differences in the morphological and functional features of platelets are 
among the essential factors guiding the interpretation of experimental data about their bi-
ology (Weiss, 1999; Margraf and Zarbock, 2019). In this regard, gathering the evaluation of 
these features in different animal species yields a substantial comparative advantage. As 
the best outcome, this generated research knowledge allows for reliable translation be-
tween animal and human biology models. 

The article will start with a brief outline of the biology of platelets, with an emphasis on 
the features that make them immunocompetent. This review will continue with a compen-
dious overview of the proteomics workflow. After that, four examples will present recent 
results illustrating the association between host proteome indices and platelet biology 
within the inflammatory scope in different animal species. The first two examples provide 
results on experimental inflammation and natural infection in pigs. In the third example, 
the focus will be on natural parasitic infestation in deer, while the fourth will bring the 
data obtained in the study on dairy cows with postpartum infection. A summary of the 
applicability of the current results and directions for further research are presented. 

2. The biology of platelets-a brief outline 

The first description of platelets, the small cytoplasmic fragments of megakaryocytes, dates 
back to the second half of the 19th century. The bone marrow hubs for platelet production; 
the lungs also represent a suitable environment for their maturation. Thrombopoietin 
monitors the number of circulating platelets. The concentration of this protein in the blood 
increases in parallel with a reduction in platelet count. The spleen and liver are the main 
organs that remove platelets from circulation, while the lungs, brain, and macrophages can 
also contribute. Numerous factors influence platelet count and functionality, such as hem-
orrhage or inflammatory challenges, age, sex, and circadian variation (Margraf and Zar-
bock, 2019). 
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When an endothelial injury occurs, the adhesion of platelets to the subendothelial struc-
tures initiates the hemostatic cascade. It continues via platelet activation and aggregation 
until the establishment of a thrombus as a barrier against the further extravasation of 
blood. The underlying mechanisms are receptor-mediated and involve changes in platelet 
morphology coupled with conformational changes. As a result, platelets release granular 
content, thus increasing the local levels of secondary hemostatic mediators such as von 
Willebrand factor, adenosine diphosphate, calcium ions, biogenic amines, platelet factor 4, 
and chemokine ligand 5 (Sandmann and Köster, 2016; Estevez and Du, 2017; Margraf and 
Zarbock, 2019). 

The circulating platelets are also constantly patrolling with a “mission” of protecting from 
pathogens. Their molecular “equipment” for this purpose is versatile, with a plethora of 
pattern recognition receptors reactive against the diverse pathogen-associated molecular 
patterns (such as lipoproteins, lipopolysaccharides, or nucleic acids) or the damage-asso-
ciated molecular patterns (Shevchuk et al., 2021). When sensing the bacterial presence, the 
platelet membrane receptors interact with the molecules on the bacterial surface or se-
creted from the bacterial cell, directly or indirectly, using the host-originating proteins for 
the “bridging”. The platelet glycoprotein Ibα, Fc, complement, or toll-like receptors are the 
representative structures involved in these interactions (Kerrigan, 2015; Shannon, 2015). 
The resulting effects on the platelet activity depend on the numerous bacterium- and host-
related factors (McNicol, 2015). The mechanisms underlying the platelet-virus interactions 
largely resemble those occurring in the case of bacteria. The type of platelet receptors “in 
charge” (like toll-like receptors, Fc receptors, or DC-SIGN) can vary between the viruses. 
The net effect of these interactions is the “adsorption” of the virus cells on the layer formed 
of platelet, leading to their activation and joint removal with the adsorbed virus cells. A 
deleterious side effect of this otherwise protective mechanism is protruding thrombocyto-
penia, which can be multicausal. Besides the overactivation, it can originate also from the 
viral penetration into the megakaryocytes or the overconsumption if the infection of endo-
thelial occurs. Malaria represents a suitable model to study platelet-parasite interactions. 
Generally, during Plasmodium spp. Infection platelets function in the “Yin and Yang” 
mode. On one side, they elicit the initial immune response or even act cytotoxically, 
thereby contributing to parasite clearance. Opposite to these beneficial effects, platelets can 
also mediate the binding of the infected erythrocytes to the endothelium, resulting in the 
formation of heterogenous multi-structural aggregates and consequentially to the cerebral 
sequel (Alonso and Cox, 2015). 

In the next step, platelets join the cross-talk with the other pathogen-recognizing cells -
neutrophils and monocytes, and the traditional innate immunity mechanisms are initiated 
(Shevchuk et al., 2021). Analogous to other immune cells, the role conferred to platelets is 
tightly balanced between pro- and anti-inflammatory effects. The cross-talk with neutro-
phils, mediated via the membrane glycoproteins and so-called kinocidins (like platelet fac-
tor 4 or antimicrobial peptides), strengthens the recruitment and transmigration of the im-
mune cells, formation of neutrophil extracellular traps and immune-thrombosis. As the 
counterbalance, the activated platelets prevent the inflammation-associated hemorrhage 
or cell death, while via the CLEC2-mediated mechanisms potentiate the anti-inflammatory 
phenotyping changes of the macrophages (Nicoali and Massberg, 2020; Carestia et al., 
2022). Finally, the platelet research field in the Immunobiology area is expanding towards 
new aspects like interferon signaling, T-cell response, or host homeostasis restoration (Ni-
colai and Massberg, 2020).   

The classification of platelets into the different functional phenotypes can rely on the com-
binations of their morphological, hemostatic, inflammatory, and immunomodulatory 
characteristics. During platelet senescence, besides the decrease in their volume, the im-
pairment in the response upon stimulation occurs, together with the proteomic changes 
indicating apoptosis. On the contrary, immature platelets tend to show more pronounced 
pro-inflammatory properties (Margraf and Pareti, 2022). Also, the functional effects de-
pend on the site of maturation. For example, the megakaryocytes in bone marrow supply 
the platelets for hemostatic purposes. Megakaryocyte populations in the lungs express an 
“immune phenotype”-those located on the blood vessel releases platelets, and the extra-
vascularly positioned ones share features with the lung dendritic cells. The continued mi-
gration of megakaryocytes between these two structure-functional compartments is the 
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basis of platelet phenotype plasticity, an emerging exclusive research area (Boilard and 
Machlus, 2021).      

3. A compendious overview of the proteomics workflow 

Proteomic research in animal and veterinary science offers advantages in experimental de-
sign, sample selection, and preparation because of the broad availability of diverse biolog-
ical samples, like tissues, cells, and fluids, such as serum, plasma, urine, saliva, milk, or 
semen (Bilić et al., 2018). Mass spectrometry (MS) -based proteomics includes two broad 
groups of techniques: “top-down” proteomics, measuring the intact proteins, and “bot-
tom-up” proteomics, which analyzes peptides derived from proteolytic digestion. Tandem 
MS/MS, in combination with nanoflow liquid chromatography (LC), has become the ana-
lytical technique of choice for comprehensive analysis of complex samples. 

 

An optimized sample preparation protocol is a prerequisite for any robust and sensitive 
bottom-up proteomics workflow. Drafting of these standardized protocols involves a de-
tailed explanation of the sampling, handling, and storage conditions. To ensure compara-
ble and reproducible results, the protocols also need to address the selection of collection 
tubes and additives and specific issues such as the influence of variations in clotting time, 
allowable lag time before centrifugation, hemolysis, and repeated freeze/thaw cycles. Sig-
nificant attention has also been paid to strategies to minimize sample heterogeneity and 
disruption (Rai et al., 2005; Hsieh et al., 2006). 

 

Sample preparation for protein profiling using MS requires multiple steps. The workflow 
includes the extraction of proteins and their denaturation, reduction, and alkylation, after 
which proteins are digested into peptides with a site-specific protease (Bodzon-Kulakow-
ska et al., 2007; Switzar et al., 2013; Vandermarliere et al., 2013). Optionally, the protocols 
include the depletion of the highly abundant or enrichment of target proteins (Marco-
Ramell and Bassols, 2010; da Costa et al., 2017) or clean-up procedures, removal of salts, 
denaturing agents, and other interfering substances with filtered assisted sample prepara-
tion (FASP) (Wiśniewski et al., 2009). 

 

To quantify abundance changes in proteome's, labeling approaches, such as those based 
on isobaric mass tags, have been used for over a decade. The tandem mass tag (TMT) la-
beling approach utilizes chemical derivatization (Rauniyar and Yates, 2014). Isobaric mass 
tags are isotope-coded molecules with the same chemical structure and molecular weight 
that are used to differentially label peptides without introducing mass differences and 
sample complexity. The isotopically derivatized peptides displayed a single peak in the 
MS spectrum and yielded a series of low-mass reporter ions for quantification upon frag-
mentation in tandem mass spectrometry. Quantitative results are obtained from the direct 
correlation between the relative intensities of the reporter ions and peptides selected for 
MS/MS fragmentation (Rauniyar and Yates, 2014). 

 

After protein identification and quantification, characterization and bioinformatics analy-
sis follow to determine gene ontology. In addition, the pathway enrichment analysis is 
indisposed in identifying the biological pathways associated with the observed proteome 
changes. Unique challenges appear when the available bioinformatic repositories do not 
include data on the studied animal species (Heck and Neely et al., 2020). In such a case, 
the usual first step is assigning protein sequences to their model species' equivalent using 
the “Basic Local Alignment Search Tool” (BLAST) analysis.   
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4. The examples illustrate the association between host proteome indices and plate-
let biology within the inflammatory scope in different animal species 

  

4.1. Case No. 1: Pigs with septic and non-septic inflammation 

The interconnection between the proteomic features and platelet biology during an infec-
tion can depend on the intensity of the triggered inflammation, as evidenced by López-
Martínez et al., 2022). Serum and salivary proteome were compared, using pigs as the ex-
perimental model, during the time course of the septic (induced in five pigs via intramus-
cular administration of lipopolysaccharide (LPS) from Escherichia coli) and non-septic in-
flammation (triggered in five pigs after subcutaneous injection of turpentine oil). Table 1 
brings the platelet-associated proteome changes which occurred in the saliva and serum 
proteome after the first six hours of the experiment.  

Table 1. The platelet-associated proteome changes which occurred in the saliva and serum proteome after the first six hours of the 

experiment. Changes in the relative abundance basal conditions vs. After 6 hours of experiment: ↑-increase, ↓-decrease. 

Under the non-septic conditions, several platelet-associated changes appeared in the sali-
vary proteome, while none emerged in serum. In the septic environment, the alterations 
occurred in serum; nonetheless, their decreased nature limited their practical applicability. 
On the other side, saliva offered a biomarker candidate for early recognition of sepsis‒the 
increased relative abundance of fructose-biphosphate aldolase, further verified by the in-
crease in the enzyme activity. This glycolytic enzyme shows adhesin-like and im-
munostimulatory properties (Elhaik Goldman et al., 2016; Pirovich et al., 2021). Notwith-
standing, aldolase participates in the platelet cytoskeletal (re) organization, accompanying 
their activation (Arias-Salgado et al., 2008).   

4.2. Case No. 2: Pigs with meningitis caused by Streptococcus suis 

The proteomic-based model for assessing the interplay between the serum and saliva pro-
teomic indices related to platelet biology, established during the experimental infection in 
pigs (López-Martínez et al., 2022), required verification in natural infection settings. In this 
context, pigs with meningitis caused by S. suis were an attractive study cohort (López-
Martínez et al., 2022). The authors compared the differences in salivary and serum prote-
ome compositions between diseased and healthy pigs, with each group containing 10 ani-
mals. The relative abundance of 21 salivary proteins differed between the two groups, of  

 

 

Which 7 were associated with platelet biology (Table 2). Similarly, the pathway enrichment 
analysis allocated to platelet biology showed six out of 20 proteins identified to have dif-
ferent serum relative abundances between the infected and healthy pigs (Table 2).  

Protein Sample/Inflammation 

 Saliva/Nonseptic Saliva/Septic Serum/Nonseptic Serum/Septic 

Fructose-biphosphate aldolase ø change ↑ ø change ø change 

Alpha-2-macroglobulin ↑ ↑ ø change ø change 

Fibrinogen alpha chain ø change ø change ø change ↓ 

Fibrinogen beta chain ø change ø change ø change ↓ 

Fibrinogen C-terminal domain-containing ø change ø change ø change ↓ 

Fibronectin ø change ø change ø change ↓ 

Transferrin ↑ ø change ø change ø change 

Albumin ↑ ø change ø change ø change 

Histidine-rich glycoprotein ↑ ø change ø change ø change 
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Table 2. Proteins differing between healthy and pigs with meningitis by the relative abundance in serum and saliva 
which were allocated to the platelets՚ biology. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Both the serum and salivary pattern were the comprehensive “puzzle”, consisting of the 
proteins showing potentially opposing effects on the platelet activity. Therefore, it might 
be very challenging to stand out whether they were “platelet activating”. Regardless, two 
very important features were evident. The first was that the salivary and serum patterns 
had only three proteins in common, which might imply that the indices of these two pro-
teome compartments provide somewhat different but complementary contexts regarding 
platelet biology.  

The second feature brings a practical upgrade. Namely, the proteomic investigation within 
the natural infection environment verified the higher relative abundance of the fructose-
biphosphate aldolase in the infected pigs exclusively in saliva. In this manner, the salivary 
biomarkers' potential for the effective management of swine infections further increases 
(Cerón et al., 2022).  

 

4.3. Case No. 3: Infestation of red deer with the giant liver fluke 

The analysis of the proteome of the pathogen’s target organ represents an intriguing re-
search task. The study of Šimonji et al. (2022) brought insights into the liver proteome qual-
itative and quantitative traits associated with the giant liver fluke (Fascioloides magna) in-
festation in the red deer (Cervus elaphus). Relative quantification analysis revealed the dif-
ferences in the abundance of 234 proteins between the infected and healthy deer. Further 
pathway enrichment analysis linked 12 (Table 3) with the molecular response to elevated 
calcium ion levels in the platelet cytosol and platelet activation, signaling, aggregation, and 
degranulation. 

 

 

 

 

 

 

Protein Relative abundance meningi-

tis vs. healthy 

 Saliva Serum 

Transferring  lower lower 

Apolipoprotein A-I  lower lower 

Histidine-rich glycoprotein lower lower 

Extracellular matrix protein 1 higher ø difference 

Alpha-1B-glycoprotein lower ø difference 

Vinculin higher ø difference 

Fructose-biphosphate aldolase  higher ø difference 

Albumin ø difference lower 

Clusterin ø difference lower 

SERPIN domain-containing protein (LOC100156325) ø difference higher 
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Table 3. Proteins differing between the liver of the red deer with F. magna infestation and healthy deer.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                  

The integrative interpretation of the observed differences needs caution and merits addi-
tional studies by cause of at least two reasons. The first is that the proteins which showed 
the platelet-associated differences were also allocated to the other (patho) biological path-
ways occurring in the liver. Another one appeared from the bioinformatics algorithm, 
which, in cases of the identified proteins without gene ID for Cervus elaphus or the unchar-
acterized proteins, had to include BLAST analysis and the replacements with the bovine 
orthologue (Šimonji et al., 2022).   

 
4.4. Case No. 4: Cows with the retained placenta 

Extensive research has been conducted to determine the structural and functional charac-
teristics of bovine platelets. Their diameter under non-activated conditions is 1‒5 μm, 
which is approximately two times less than that of companion animals and pigs. The most 
prominent element in their functional morphology is the absence of the open canalicular 
system, which probably causes a lower collagen adhesion potential when compared to 
other animals. Based on these features, an opinion appeared, suggesting that bovine plate-
lets evolved from thrombogenic to inflammatory functions due to the expulsion of granule 
content (Weiss, 1999).  
A recent study on serum proteome alterations associated with the retained placenta (RP) 
in dairy cows (Beletić et al., 2023) provided experimental evidence of the proinflammatory 
features of bovine platelets. RP is common and has a significantly negative impact on dairy 
management. RP risk factors are associated with diverse immunometabolic, obstetric, in-
herited, and environmental conditions. The pathophysiological hallmark is uncontrolled 
amplification of low-grade inflammation present in cows with physiological puerperium 
(Bradford et al., 2015; Dervishi and Ametaj, 2017).  
 
According to Beletić et al. (2023), the extent of serum proteomic changes is positively cor-
related with the intensity of the acute phase reaction in RP. Using a bioinformatics enrich-
ment tool, they allocated the three proteins with altered relative abundance (fibrinogen 
alpha chain (FGA), inter-α-trypsin inhibitor heavy chain 4 (ITIH4), and tetranectin) to the 
following pathways: platelet degranulation, response to elevated calcium ion levels in the 
platelet cytosol, and platelet activation, signaling, and aggregation. Establishing the corre-
sponding pathobiological correlates was an easy task, as the literature supports an associ-
ation between an increase in platelet activation with a combination of higher fibrinogen 
(Frojmović et al., 1996), increased ITIH4 levels (Koch et al., 2021), and decreased tetranectin 
concentration (Chen et al., 2020; McDonald et al., 2020). Unexpectedly, the validation re-
sults for FGA and TNCT, obtained using bovine-specific immunometric methods, did not 
confirm the LC-MS/MS results. These findings were presumably due to the presence of 

Protein Infested vs. healthy 

Fibrinogen alpha chain higher 

Fibrinogen beta chain higher 

Transferrin higher 

Apolipoprotein A-I lower 

Superoxide dismutase lower 

Calmodulin lower 

Alpha-1-acid glycoprotein lower 

Saccharopine dehydrogenase-like oxidoreductase higher 

Lysosome-associated membrane glycoprotein 1 lower 

Annexin higher 

Alpha-actinin-4 isoform X3 higher 

Acyl-CoA synthetase medium chain family member 3 lower 
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FGA and TNCT isoforms, differing in pathophysiological implications and immune reac-
tivity (Dardé et al., 2010; Shang et al., 2019), which merits further investigation.     

 
5. Conclusions 

Reliable data support the associations between the indices in various proteome compart-
ments and the main platelet functions in animals with various infections. Quite expect-
edly, these associations were dependent on the nature of the pathogen, infection severity, 
and the type of specimen analyzed. In creating molecular correlates, caution is necessary 
owing to analytical and bioinformatic specificities. Sample complexity, the presence of 
isoforms, or the discrepancy between LC-MS/MS and validation results are just some ex-
amples of potential analytical issues. In addition, bioinformatic assessment bears chal-
lenges, such as the choice of the background genome, database coverage, or the require-
ment for BLAST-ing. Nevertheless, current achievements provide a reliable and encour-
aging rationale for further research targeting methodological upgrades, (patho)biological 
significance, and translational potential. 
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ment Fund (Grant Agreement KK.01.1.1.04.0086) and by Ministry of Education, Science 
and Technological Development of the Republic of Serbia (Contract number: 451-03-
68/2022-14/200143).  

Conflicts of Interest: The authors declare no conflict of interest. 

References 

 

1. Alonso AL, Cox D. Platelet interactions with viruses and parasites. Platelets. 2015; 26: 317‒323.  
DOI: 10.3109/09537104.2015.1025376 

2. Arias-Salgado EG, Larrucea S, Butta N, et al. Variations in platelet protein associated with arterial thrombosis. 
Thromb Res. 2008; 122: 640‒647. DOI: 10.1016/j.thromres.2008.01.017 

3. Beletić A, Kuleš J, Rešetar Maslov D, et al. Profiling the alterations of serum proteome in dairy cows with retained 
placenta using high-throughput tandem mass tags quantitative approach. Vet Q. 2023; 43: 1‒13.  
DOI: 10.1080/01652176.2023.2164908 

4. Bilić P, Kuleš J, Galan A, et al. Proteomics in Veterinary Medicine and Animal Science: neglected scientific oppor-
tunities with immediate impact. Proteomics. 2018; e1800047. DOI: 10.1002/pmic.201800047 

5. Bodzon-Kulakowska A, Bierczynska-Krzysik A, Dylag T, et al. Methods for samples preparation in proteomic 
research. J Chromatogr B Analyt Technol Biomed Life Sci. 2007; 849: 1‒31. DOI: 10.1016/j.jchromb.2006.10.040 

6. Boilard E, Machlus KR. Location is everything when it comes to megakaryocyte function. J Clin Invest. 2021; 131: 
e144964. DOI: 10.1172/JCI144964. 

7. Bradford BJ, Yuan K, Farney JK, et al. Invited review: Inflammation during the transition to lactation: new ad-
ventures with an old flame. J Dairy Sci. 2015; 98: 6631‒6650. DOI: 10.3168/jds.2015-9683 

8. Carestia A, Godin LC, Jenne CN. Step up to the platelet: Role of platelets in inflammation and infection. Thromb 
Res. 2022; S0049-3848(22)00411-X. DOI: 10.1016/j.thromres.2022.10.001 

9. Cerón JJ, Contreras-Aguilar MD, Escribano D, et al. Basics for the potential use of saliva to evaluate stress, 
inflammation, immune system, and redox homeostasis in pigs. BMC Vet Res. 2022; 18: 81. DOI: 10.1186/s12917-
022-03176-w 

10. Chen W, Qiang X, Wang Y, et al. Identification of tetranectin-targeting monoclonal antibodies to treat potentially 
lethal sepsis. Sci Transl Med. 2020; 12: eaaz3833. DOI: 10.1126/scitranslmed.aaz3833. 

11. da Costa JP, Santos PSM, Vitorino R, et al. How low can you go ? A current perspective on low-abundance 
proteomics. Trends Analyt Chem. 2017; 93: 171‒182. DOI:10.1016/j.trac.2017.05.014 

12. Dardé VM, de la Cuesta F, Dones FG, et al. Analysis of the plasma proteome associated with acute coronary 
syndrome: does a permanent protein signature exist in the plasma of ACS patients? J Proteome Res. 2010; 9: 4420‒
4432. DOI: 10.1021/pr1002017 

13. Dervishi E, Ametaj BN. Retained placenta: a systems veterinary approach. In: Ametaj B, editor. Periparturient 
diseases of dairy cows. Cham Springer. 2017; pp. 121–137. 19.  

14. Elhaik Goldman S, Dotan S, Talias A, et al. Streptococcus pneumoniae fructose-1,6-bisphosphate aldolase, a 
protein vaccine candidate, elicits Th1/Th2/Th17-type cytokine responses in mice. Int J Mol Med. 2016; 37: 1127‒
1138. DOI: 10.3892/ijmm.2016.2512 



Proceedings of 8th Socratic Lectures 2023                                                                                         
 9 of 155 

 

15. Estevez B, Du X. New concepts and mechanisms of platelet activation signaling. Physiology (Bethesda). 2017; 32: 
162‒177. DOI: 10.1152/physiol.00020.2016 

16. Frojmovic MM, Wong T, Searcy GP. Platelets from bleeding Simmental cattle have a long delay in both ADP-
activated expression of GpIIB-IIIA receptors and fibrinogen-dependent platelet aggregation. Thromb Haemost. 
1996; 76: 1047‒1052. PMID: 8972030. 

17. Heck M, Neely BA. Proteomics in non-model organisms: a new analytical frontier. J Proteome Res. 2020; 19: 3595‒
3606. DOI: 10.1021/acs.jproteome.0c00448 

18. Hsieh SY, Chen RK, Pan YH, Lee HL. Systematical evaluation of the effects of sample collection procedures on 
low-molecular-weight serum/plasma proteome profiling. Proteomics. 2006; 6: 3189‒3198.  
DOI: 10.1002/pmic.200500535 

19. Kerrigan SW. The expanding field of platelet-bacterial interconnections. Platelets. 2015; 26: 293‒301. DOI: 
10.3109/09537104.2014.997690 

20. Koch F, Albrecht D, Görs S, Kuhla B. Jejunal mucosa proteomics unravel metabolic adaptive processes to mild 
chronic heat stress in dairy cows. Sci Rep. 2021; 11: 12484. DOI: 10.1038/s41598-021-92053-x 

21. López-Martínez MJ, Cerón JJ, Ortín-Bustillo A, et al. A proteomic approach to elucidate the changes in saliva and 
serum proteins of pigs with septic and non-septic inflammation. Int J Mol Sci. 2022; 23: 6738. DOI: 
10.3390/ijms23126738 

22. Marco-Ramell A, Bassols A. Enrichment of low-abundance proteins from bovine and porcine serum samples for 
proteomic studies. Res Vet Sci. 2010; 89: 340‒343. DOI: 10.1016/j.rvsc.2010.03.019 

23. Margraf A, Zarbock A. Platelets in inflammation and resolution. J Immunol. 2019; 203: 2357‒2367.  
      DOI: 10.4049/jimmunol.1900899 
24. Margraf A, Perretti M. Immune cell plasticity in inflammation: insights into description and regulation of immune 

cell phenotypes. Cells. 2022; 11: 1824. DOI: 10.3390/cells11111824 
25. McDonald K, Glezeva N, Collier P, et al. Tetranectin, a potential novel diagnostic biomarker of heart failure, is 

expressed within the myocardium and associates with cardiac fibrosis. Sci Rep. 2020; 10: 7507.  
DOI: 10.1038/s41598-020-64558-4. 

26. McNicol A. Bacteria-induced intracellular signalling in platelets. Platelets. 2015; 26: 309‒316.  
      DOI: 10.3109/09537104.2015 
27. Nicolai L, Massberg S. Platelets as key players in inflammation and infection. Curr Opin Hematol. 2020; 27: 34-

40. DOI: 10.1097/MOH.0000000000000551. 
28. Pirovich DB, Da'dara AA, Skelly PJ. Multifunctional fructose 1,6-bisphosphate aldolase as a therapeutic target. 

Front Mol Biosci. 2021; 8: 719678. DOI: 10.3389/fmolb.2021 
29. Rai AJ, Gelfand CA, Haywood BC, et al. HUPO Plasma Proteome Project specimen collection and handling: 

towards the standardization of parameters for plasma proteome samples. Proteomics. 2005; 5: 3262‒3277. DOI: 
10.1002/pmic.200401245 

30. Rauniyar N, Yates JR 3rd. Isobaric labeling-based relative quantification in shotgun proteomics. J Proteome Res. 
2014; 13: 5293‒5309. DOI: 10.1021/pr500880b 

31. Shevchuk O, Begonja AJ, Gambaryan S, et al. Proteomics: A tool to study platelet function. Int J Mol Sci. 2021; 22: 
4776. DOI: 10.3390/ijms22094776 

32. Sandmann R, Köster S. Topographic cues reveal two distinct spreading mechanisms in blood platelets. Sci Rep. 
2016; 6: 22357. DOI: 10.1038/srep22357 

33. Shang Z, Niu X, Zhang K, et al. FGA isoform as an indicator of targeted therapy for EGFR mutated lung 
adenocarcinoma. J Mol Med (Berl). 2019; 97: 1657‒1668. DOI: 10.1007/s00109-019-01848-z 

34. Shannon O. Platelet interaction with bacterial toxins and secreted products. Platelets. 2015; 26: 302‒308. DOI: 
10.3109/09537104.2015.1014471 

35. Switzar L, Giera M, Niessen WM. Protein digestion: an overview of the available techniques and recent 
developments. J Proteome Res. 2013; 12: 1067‒1077. DOI: 10.1021/pr301201x 

36. Šimonji K, Konjević D, Bujanić M, et al. Liver proteome alterations in red deer (Cervus elaphus) infected by the 
giant liver fluke Fascioloides magna. Pathogens. 2022; 11: 1503. DOI: 10.3390/pathogens11121503 

37. Vandermarliere E, Mueller M, Martens L. Getting intimate with trypsin, the leading protease in proteomics. Mass 
Spectrom Rev. 2013; 32: 453‒465. DOI: 10.1002/mas.21376 

38. Wiśniewski JR, Zougman A, Nagaraj N, Mann M. Universal sample preparation method for proteome analysis. 
Nat Methods. 2009; 6: 359‒362. DOI: 10.1038/nmeth.1322 

39. Weiss DJ, Comparative physiology of platelets from different species. In: Rao GHR, editor. Handbook of platelet 
physiology and pharmacology. Boston, MA, Springer. 1999; pp. 379–393. 

 


