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Identification of the changes in
the platelet proteomic profile of
elderly individuals
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1The Key Laboratory of Geriatrics, Beijing Institute of Geriatrics, Institute of Geriatric Medicine, Chinese
Academy of Medical Sciences, Beijing Hospital/National Center of Gerontology of National Health
Commission, Beijing, China, 2Graduate School of Peking Union Medical College and Chinese Academy
of Medical Sciences, Beijing, China
Background: Platelet hyperreactivity is a risk factor for thrombosis in elderly
patients with cardiovascular diseases. However, the mechanism of platelet
hyperactivation has not been elucidated. This study aims to investigate
alterations in the proteomes of platelets and their correlation with platelet
hyperreactivity among elderly individuals.
Methods: This study included 10 young (28.1 ± 1.9 years), 10 middle-aged
(60.4 ± 2.2 years), and 10 old (74.2 ± 3.0 years) subjects. Washed platelets were
used in the present study. Platelet samples were analysed by using data-
independent acquisition (DIA) quantitative mass spectrometry (MS).
Results: The results showed that the platelet proteomic profile exhibited high
similarity between the young and middle-aged groups. However, there were
significant differences in protein expression profiles between the old group and
the young group. By exploring the dynamic changes in the platelet proteome with
ageing, clusters of proteins that changed significantly with ageing were selected
for further investigation. These clusters were related to the initial triggering of
complement, phagosome and haemostasis based on enrichment analysis. We
found that platelet degranulation was the major characteristic of the differentially
expressed proteins between the old and young populations. Moreover,
complement activation, the calcium signalling pathway and the nuclear factor-κB
(NF-κB) signalling pathway were enriched in differentially expressed proteins.
Conclusions: The present study showed that there are obvious differences in the
protein profiles of the elderly compared with young and middle-aged
populations. The results provide novel evidence showing changes in platelet
hyperactivity and susceptibility to thrombosis in the elderly population.
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1 Introduction

Platelets play a critical role in the progression of atherosclerosis and cardiovascular events.

Altered platelet function is associated with a variety of chronic diseases, such as cardiovascular

diseases, hypertension and diabetes. Growing evidence has demonstrated that the elderly

population has increased platelet activity, which is manifested as thrombus susceptibility.

Platelets are conventionally regarded as playing a vital role in haemostasis and thrombosis

(1). This role has, over the years, transformed as our knowledge regarding platelets has

expanded to include their role in inflammation, cancer progression, and metastasis. Recently,

the fact that platelets are immune cells has been well established. Platelets are not only innate
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TABLE 1 Information for subjects.

Characteristics Young
(n = 10)

Middle
(n = 10)

Old
(n = 10)

Age, mean (SD), year 28.1 (1.9) 60.4 (2.2) 74.2 (3.0)

BMI, mean (SD) 23.8 (3.1) 24.1 (3.4) 23.6 (3.8)

Platelet count, mean (SD), 109 /L 247.3 (56.9) 251.8 (64.4) 221.5 (52.8)

SBP, mean (SD), mmHg 125.0 (14.6) 119.3 (22.2) 124.2 (15.7)
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immune and inflammatory cells themselves, but they can also assist in

adaptive immunity depending on the circumstances (2).

Elderly individuals have a higher risk of cardiovascular disease

associated with platelet hyperactivity (3). Age-related vascular

inflammation and platelet hyperactivity are linked to cardiovascular

events, especially atherosclerosis, which is a chronic inflammatory

disorder involving many immune cells, including platelets. Vascular

endothelial cell injury, accompanied by endothelial cell activation, is

the initial stage of atherosclerosis. Platelets are involved in the

initiation and progression of atherosclerosis through the recruitment

of inflammatory cells. In particular, activated platelets promote

the adhesion of leucocytes to activated endothelial cells (4).

Furthermore, platelets also play a dominant role in the formation of

pathogenic thrombi in patients with atherosclerosis (5). At present,

an increasing number of studies focus on the significance of

platelet hyperactivity in elderly individuals. Multiple studies have

reported that platelet counts decrease with age (6), while the

platelet reactivity generally increases (7). Recently, a study found

that elderly individuals had higher basal platelet activation than

young individuals, which correlated with the increase in

inflammation in elderly individuals (8). Additionally, cytokines such

as β-thromboglobulin and platelet factor 4 promote thrombosis

formation and are released by activated platelets in the plasma of

elderly individuals (9). Le Blanc et al. reviewed the biochemical

changes of platelets during the aging process and discussed

the mechanisms by which these alterations may contribute to

thrombotic diseases (10). Winkler et al. used two-dimensional DIGE

to investigate the technical and total variation experienced in the

analysis of platelet proteome in 20 healthy human volunteers aged

56–100 years (11). In general, platelet hyperactivity might be one of

the key reasons for the increased risk of thrombosis in elderly

individuals. However, the underlying mechanism of platelet

hyperactivity in elderly individuals is less understood.

The use of proteomics bymass spectrometry has great potential in

identifying and quantifying thousands of proteins from the smallest

amount of material. Studies on platelet proteomics comprehensively

describe the composition and copy numbers of human platelets,

including platelet releasate (12–14). The development of platelet

proteomics technology has greatly contributed to the study of

platelets and their correlation with diseases, such as cognitive

decline (15) and early-stage cancer (16). The recent emergence of

data-independent acquisition (DIA) represents a major advance in

protein quantification and is significant due to its capacity to

analyse high-throughput quantitative proteomics data. However,

platelet proteomic evidence regarding platelet hyperactivity is

limited. This study aimed to evaluate age-related changes in the

platelet proteome through DIA and investigate the association with

platelet hyperactivity in elderly individuals.

DBP, mean (SD), mmHg 84.3 (9.9) 81.5 (10.9) 78.2 (10.9)

Glucose, mean (SD), mmol/L 4.7 (0.5) 5.3 (0.4) 6.0 (1.5)

TG, mean (SD), mmol/L 1.0 (0.9) 1.5 (0.6) 1.7 (1.1)

TC, mean (SD), mmol/L 4.7 (0.7) 5.4 (0.5) 4.6 (0.9)

HDL, mean (SD), mmol/L 1.5 (0.2) 1.5 (0.4) 1.2 (0.3)

LDL, mean (SD), mmol/L 3.0 (0.5) 3.5 (0.4) 3.0 (0.6)

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure;

TG, triglyceride; TC, total cholesterol; HDL, high-density lipoprotein; LDL, low

density lipoprotein.
2 Materials and methods

2.1 Subjects

A total of 30 participants were enrolled in the study, including

10 young (28.1 ± 1.9 years), 10 middle-aged (60.4 ± 2.2 years) and
Frontiers in Cardiovascular Medicine 02
10 old individuals (74.2 ± 3.0 years), with 5 males and 5 females

in each group. The schematic of this study is shown in

Supplementary Figure S1. The inclusion criteria were as follows:

(1) age >18 years and signed informed consent form; (2) no

mental disorders; and (3) no history of alcohol or drug abuse.

The exclusion criteria included acute medical treatment or

hospitalization within the first 3 months prior to blood

collection; the chronic use of medications (e.g., aspirin and

clopidogrel) and dietary supplements (e.g., fish oil and evening

primrose oil) that may affect platelet function; the presence of

severe diseases, including acute heart, liver, kidney disease, blood

disease, or respiratory failure; and poorly controlled

hypertension, diabetes or hyperlipidaemia. The characteristics of

the subjects are shown in Table 1.
2.2 Platelet preparation

The blood was collected from subjects through peripheral

venipuncture into vacuum tubes containing 3.2% sodium citrate.

The platelet-rich plasma (PRP) was obtained by centrifugation at

200 × g for 10 min within one hour after blood collection, and

the upper 2/3 of the PRP was placed in a new tube. The PRP

was then centrifuged at 300 × g for 10 min in the presence of

acid-citrate-dextrose (ACD) and 10 μg prostaglandin I2 sodium

salt (Aladdin, Shanghai, China), washed twice with modified

Tyrode’s buffer (138 mM NaCl, 3.3 mM NaH2PO4▪2H2O, 1 mM

MgCl2, 2.9 mM KCl, 5.5 mM glucose, and 20 mM HEPES) to

obtain purified platelet samples and stored at −80°C.
Protein extraction and peptide preparation were conducted by

Novogene Co., Ltd. Briefly, platelet samples were completely lysed

with DB lysis buffer [8 M urea, 100 mM triethylammonium

bicarbonate (TEBA), pH 8.5], followed by 5 min of ultrasonication

on ice. The lysate was centrifuged at 12,000 × g for 15 min at 4°C,

and the supernatant was added to 1 M DL-dithiothreitol to react

for 1 h at 56°C; the sample was subsequently alkylated with

sufficient iodoacetamide for 1 h at room temperature in the dark

followed by incubation in an ice bath for 2 min. Each protein

sample was taken and the volume was made up to 100 μl with DB
frontiersin.org
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lysis buffer, trypsin and 100 mM TEAB buffer were added, sample

was mixed and digested at 37°C for 4 h. Then, trypsin and CaCl2
were added and the samples were digested overnight. Formic acid

was mixed with the digested sample, the sample was adjusted to a

pH under 3, and the sample was centrifuged at 12,000 × g for

5 min at room temperature. The supernatant was slowly loaded

onto the C18 desalting column, washed with washing buffer (0.1%

formic acid, 3% acetonitrile) 3 times, and then elution buffer (0.1%

formic acid, 70% acetonitrile) was added. The eluents of each

sample were collected and lyophilized.
2.3 Western blot assay

Washed platelets were obtained using the same method as in

2.2 section. Whole cell lysates were separated by sodium dodecyl

sulfate-polyacrylamide gel electrophoresis (PAGE) and transferred

to polyvinylidene membranes. The membranes were incubated

overnight at 4°C with specific primary antibodies (diluted to

1:1000) and then incubated with anti-mouse or anti-rabbit

antibodies (diluted to 1:5000). The bands were exposed using

electrochemiluminescent reagent and the EvolutionCapt system

(Vilber Lourmat), and quantified using ImagePro Plus software.

Monoclonal anti-macrophage migration inhibitory factor (MIF)

antibody, polyclonal anti-mannan binding lectin serine peptidase

(MASP) 1 antibody, monoclonal anti-superoxide dismutase (SOD)

1, Monoclonal anti-calumenin antibody were purchased from Zen-

bioscience (Chengdu, China). Monoclonal anti-factor H antibody

were purchased from Huaan Biotechnology (Hangzhou, China).

Monoclonal anti-autophagy-related 7 (ATG7) and monoclonal

anti-actin antibody were purchased from ABclonal (Wuhan, China).
2.4 SOD detection in plasma

The levels of SOD and other biochemical indexes in plasma

were detected by KingMed Diagnostics (Guangzhou, China).
2.5 DIA MS analysis and data analysis

DIA MS analysis was conducted by Novogene Co., Ltd. (Beijing,

China). LC-MS/MS spectra were searched using an EASY-nLCTM

1,200 UHPLC system coupled with an Orbitrap Q ExactiveTM

HF-X mass spectrometer (Thermo Fisher, Germany) operating in

DIA mode. Data analysis and visualization of DIA data were

conducted by Novogene Co., Ltd. using the Proteome Discoverer

2.2 (PD 2.2, Thermo Fisher Scientific) platform, Biognosys

Spectronaut v. 9.0, and R statistical framework. MS2-based label-

free quantification was carried out by analysing DIA raw data

using Biognosys Spectronaut v.9.

The Spectronaut-Pulsar further filtered the retrieval results, and

peptide spectrummatches (PSMs) with credibility of more than 99%

were identified PSMs. The identified protein contains at least 1

unique peptide. The identified PSMs and proteins were retained

and analyzed with a false discovery rate (FDR) of no more than
Frontiers in Cardiovascular Medicine 03
1.0%. The proteins whose quantitation significantly differed

between the experimental and control groups were evaluated by

t-test [p < 0.05 and |fold change (FC)| > 1.5] were defined as

differentially expressed proteins (17, 18). R (R-3.4.3) with the

heatmap gplots package was used for C-means cluster analysis,

heatmap drawing, and KEGG enrichment analysis. Metascape

(http://metascape.org) was used for pathway and functional

analyses. Cytoscape 3.9.1 and the STRING (v10; https://string-db.

org/) plug-in were used for visual analysis of the protein-protein

interaction (PPI) network. Gene set enrichment analysis (GSEA)

3.0 was used to conduct GSEA. Enrichment dot bubbles and bars

with colour gradients were plotted by https://www.bioinformatics.

com.cn (last accessed on 20 Feb 2023), an online platform for data

analysis and visualization. The flow chart was drawn by Figdraw.
3 Results

3.1 Platelet proteomic analysis

In this study, we conducted proteomic analysis of platelet

samples from 10 young, 10 middle-aged, and 10 elderly adults. A

total of 44,756 peptides were detected, and 5,142 proteins were

identified. Platelet proteomic analysis across different age groups

demonstrated significant alterations in the protein profile of

platelets from older individuals (Figure 1A; Supplementary

Figure S2). Specifically, 332 differentially expressed proteins were

upregulated (p < 0.05) and 104 were downregulated (p < 0.05) in

the old group compared with the young group (Figure 1B), 227

differentially expressed proteins were upregulated (p < 0.05) and

54 were downregulated (p < 0.05) in the old vs. middle groups

(Figure 1C), and 60 differentially expressed proteins were

upregulated (p < 0.05) and 33 were downregulated (p < 0.05) in

the middle vs. young groups (Figure 1D). Thirty-four

differentially expressed proteins overlapped in both the middle

vs. young and the old vs. young groups (Figure 1E). Enrichment

analysis revealed that the overlapping 34 differentially expressed

proteins, including beta-globin gene (HBB), human beta-

defensins (HBD), TUBAL3, TUBB2B, and inter-alpha-trypsin

Inhibitor Heavy chain 3 (ITIH3), were associated with

“megakaryocyte development and platelet production”

(Figure 1G). One hundred eighty-seven differentially expressed

proteins overlapped in both the old vs. young and the old vs.

middle groups (Figure 1F). The top enriched terms among the

shared proteins included “complement activation”, among others

(Figure 1H). These whole-proteome data reveal the differentially

expressed proteins and the pathways involved in ageing. The list

of differential proteins and overlapped proteins can be found in

Supplementary Data Sheet 1.
3.2 Dynamic changes in the platelet
proteome during the ageing process

To explore the dynamic changes in the platelet proteome

during ageing, we performed cluster and PPI network analyses
frontiersin.org
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FIGURE 1

General proteome information. (A) A total of 580 differentially expressed proteins were identified in the platelets of the middle-aged and old groups
compared with the young group (p < 0.05, increased proteins: red; decreased proteins: blue). (B–D) The increased (red) or decreased (green) level of
proteins in the old vs. young, old vs. middle, or middle vs. young groups (p < 0.05). (E,F) Overlapping proteins in the old vs. middle and old vs. young, or
middle vs. young and old vs. young groups. (G,H) Pathway enrichment analysis of overlapping proteins in the old vs. middle and old vs. young, or
middle vs. young and old vs. young groups determined by Metascape online analysis.

Chen et al. 10.3389/fcvm.2024.1384679
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among the young, middle, and old populations. Proteins within

cluster 1 (n = 238) showed a steady trend in the young and

middle groups but significantly increased in the old group

(Figure 2A). The enriched pathways among these proteins were
FIGURE 2

Differentially expressed proteins and biological pathways identified in the mi
changes were divided into three clusters according to trends from young to m
Pathway enrichment analysis of the three clusters of protein was performed
been defined with the input of overlap proteins ≥3, p < 0.01). (E) Detected P
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most associated with the initial triggering of complement

(Figure 2D). Proteins within cluster 2 (n = 137) displayed a

significant age-dependent increasing trend, progressing from the

young to the middle-aged and further to the old populations.
ddle and old groups compared with the young group. (A–C) The protein
iddle to old by C-means cluster analysis (a line represents a protein). (D)
using Metascape online analysis (the significantly enriched pathway has
PI modules in clusters.
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(Figure 2B); the phagosome pathway was strongly enriched in these

proteins (Figure 2D). Protein expression in cluster 3 (n = 91)

showed an age-related decreasing trend in the middle-aged and

old groups (Figure 2C); these proteins were mainly involved in

haemostasis, neutrophil degranulation, and cellular detoxification

based on pathway enrichment analysis (Figure 2D). The PPI

network based on the molecular complex detection (MCODE)

algorithm analysis is shown in Figure 2E, which identified seven

functional clusters. The above results suggested the potential

functional changes in platelets during ageing. The list of proteins

from clusters 1–3 can be found in Supplementary Data Sheet 2.
3.3 Comparison of the platelet proteome
between the old and young groups

Based on the analysis above, the largest difference in the platelet

protein expression profile was seen between the elderly and young

groups. To better elucidate the effect of age on the platelet

proteome, we analysed the differences in the proteome between the

elderly and young groups. As shown in Figure 3A, the enriched

processes were “platelet degranulation”, and others. The proteins

associated with platelet degranulation are shown in Table 2. PPI

network analysis was performed on the differentially expressed

proteins in the old group compared with the young group

(Figure 3B). KEGG enrichment analysis showed seven signalling

pathways in Figure 3C, most of which are associated with platelet

activity and function (19, 20). Furthermore, GSEA revealed that

the calcium signalling pathway and the NF-κB signalling pathway

were enriched in the old group (Figures 3D,E), which is consistent

with the hyperactivity of platelets in elderly populations.

Based on the GSEA, we found that the apoptosis and

autophagy pathways were negatively enriched in the old group

(Figures 3F,G), which indicated that the apoptosis and autophagy

functions of platelets in the elderly were decreased. In this study,

we observed a significant downregulation of ATG7, as a

conventional autophagy-related gene, consistent with previous

research findings (Supplementary Figure S3) (21).

The expression levels of platelet degranulation-related proteins

SOD1 and MIF, as well as autophagy-related protein ATG7, were

assessed using western blot analysis in an independent cohort of

young (n = 7, aged 30.0 ± 5.4 years) and elderly (n = 7, aged

77.1 ± 5.3 years) individuals (Figure 4A). The results revealed a

significant decrease in the levels of ATG7, SOD1, and MIF in the

elderly group (p < 0.05). The findings are consistent with the

results obtained from DIA MS analysis. Moreover, we assessed

the levels of SOD in plasma samples obtained from both young

and elderly cohorts, which revealed a significant decline in SOD

concentrations within the elderly group (p < 0.05) (Figure 4B).
3.4 Proteins correlated with complement
activation were increased with ageing

Based on the analysis above, differences in platelet proteins

across various age groups may be associated with complement
Frontiers in Cardiovascular Medicine 06
activation. The complement system is an important noncellular

factor in the rapid response to tissue damage or inflammation

that helps maintain integrity and prevent serious damage to the

body. There are three pathways of complement activation,

including the classical pathway, the alternative pathway and the

lectin pathway. C4 is an important factor in the classical

pathway, and the MASP family plays a key role in the

lectin pathway (22). Factor H is the negative regulator of the

alternative pathway that prevents complement consumption via

uncontrolled alternative pathway activation on the surface of

platelets (23). In this study, we observed a general upregulation

of C4, MASP1, MASP2, and factor H expression in platelets

among the elderly population (Figures 5A–E). Moreover, the

expression levels of factor H and MASP1 were assessed using

western blot analysis in both young and elderly groups

(Figure 5F). The results revealed a significant increase in the

levels of factor H and MASP1 (p < 0.05), which is consistent

with the results obtained from DIA MS analysis.
4 Discussion

Ageing is a risk factor for cardiovascular disease, which is closely

related to platelet hyperactivity. Thus, it is necessary to explore the

mechanism of platelet hyperactivity in elderly individuals. Proteins

are the main performers of cell function. The changes in the

platelet proteome during ageing provide a theoretical basis for

studying platelet hyperactivity and its underlying mechanisms. By

using proteomics analysis, we found that the platelet proteome was

relatively consistent between the young and middle-aged groups;

however, when compared with the young or middle-aged groups,

the elderly group exhibited more upregulation of proteins. This

trend is consistent with a previous study showing that platelet

counts remain stable between young and middle-aged populations

(20–60 years old) but decrease in elderly populations (>70 years

old) (24–26). Moreover, the enrichment analysis of common

differentially expressed proteins in the old vs. young and middle

vs. young groups showed that these common differentially

expressed proteins were mainly related to platelet production. This

suggests that the proteome of platelets can reflect the effect of

ageing on platelets.

The endoplasmic reticulum-associated degradation (ERAD)

pathway is an important protein quality control system that

helps maintain protein homeostasis (27). Disruption of protein

homeostasis has been identified as a marker of ageing, but no

studies have yet shown the role of ERAD in ageing. In this study,

we found that proteins, including RHBDD1, UBE2J1, and

SEC61B, which increase with age, are associated with the ERAD

pathway, as determined by the MCODE algorithm. This may

provide insight into the effects of ageing on platelet protein

homeostasis. However, additional research is required to

investigate the impact of ERAD-related proteins on platelet

function and its correlation with platelet hyperactivity.

Additionally, platelet degranulation was the most relevant

process in the differentially expressed protein enrichment

analysis between the young and the aged groups. This finding
frontiersin.org
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FIGURE 3

Enrichment analysis of proteins in the elderly group compared with the young group. (A) Enrichment dot bubble of DE proteins. (B) PPI network of DE
proteins. The color and size of each node represent the statistical significance (p value). (C) KEGG enrichment analysis of signalling pathways of DE
proteins. (D–G) GSEA snapshots of KEGG pathway enrichment analysis. DE, differential expression; PPI, protein-protein interaction; GSEA, gene set
enrichment analysis.
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TABLE 2 Significantly altered proteins associated with platelet degranulation in young and old groups.

Gene name Protein ID Description p value Fold change Regulation
CALU B3KQF5 Calumenin 0.0337 3.3812 Up

TFPI P10646 Tissue factor pathway inhibitor 0.0055 1.5325 Up

PFN1 P07737 Profilin-1 0.0014 0.6627 Down

SOD1 P00441 Superoxide dismutase [Cu-Zn] 0.0027 0.6538 Down

TMSB4X A2VCK8 Thymosin beta 0.0008 0.6320 Down

MIF A6MUU8 Macrophage migration inhibitory factor 0.0092 0.6580 Down

PRKAR2B A0A024R712 Protein kinase, cAMP-dependent, regulatory, type II, beta, isoform CRA_a 0.0032 0.6082 Down

Chen et al. 10.3389/fcvm.2024.1384679
may explain the reason for platelet hyperactivity in elderly

individuals through changes in protein profiles. The development

of therapies targeting platelet degranulation-associated proteins to

attenuate platelet hyperactivity in the elderly may contribute to a

reduction in the risk of hyperthrombotic disease. In recent years,

autophagy proteins have been detected in platelets and

demonstrated to be involved in platelet aggregation, adhesion,

and thrombus formation (28). Autophagy is an essential cellular
FIGURE 4

The expression levels of platelet ATG7, SOD1, and MIF, as well as the plasm
platelet ATG7, SOD1, and MIF in young and elderly individuals. (B) The plasm

Frontiers in Cardiovascular Medicine 08
process that mediates the degradation of proteins and organelles

in lysosomes and has been tightly linked to cellular quality

control due to its role as part of the proteostasis network (29).

Autophagy can clear the inflammasome and its upstream-

triggered proteins; thus, the reduction in autophagic flux may

enhance inflammation (30). A study reported that the expression

of autophagy-related genes, such as autophagy-related protein 5

(ATG5), ATG7, and beclin 1 (BECN1), declines with age in
a SOD level in young and elderly individuals. (A) The expression levels of
a SOD levels in young and elderly individuals.
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FIGURE 5

Age-related correlation analysis of proteins associated with complement activation. (A,B) Age-related correlation analysis of C4 proteins with age. (C,
D) Age-related correlation analysis of MASP proteins with age. (E) Age-related correlation analysis of factor H with age. (F) The expression levels of
platelet factor H and MASP1 in young and elderly individuals.

Chen et al. 10.3389/fcvm.2024.1384679
humans (21). A recent article also reported the dysregulation of

autophagy in aged platelets (31). This is consistent with our

research. Platelet apoptosis and autophagy may be decreased in

elderly individuals according to the GSEA performed in the

present study. Furthermore, studies have suggested a strong

association between apoptosis and ageing (29, 32), however, the

interplay between ageing and apoptosis has proven complex.

Therefore, the effects of apoptosis on platelet function during

ageing need further study.

Complement activation was most enriched in the shared

differentially expressed proteins of the old vs. young and the old

vs. middle groups in the enrichment analysis. The complement
Frontiers in Cardiovascular Medicine 09
system is comprised of a series of proteases and inhibitors that

are activated in a cascade-like fashion during host defence (33).

At the site of vascular damage, platelets and platelet-derived

microparticles can promote complement activation, which is

involved in vascular inflammation. In this study, the levels of C4,

MASP1, and MASP2 and the level of factor H were higher in

platelets in the elderly group than in the young and middle-aged

groups. Complement C4 precursor proteins are secreted from

platelet alpha-granules, which can participate in the activation of

the complement classical pathway and further promote the

activation of platelets (34). The activation of C4 not only led to

the activation of the complement classical pathway but also
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enhanced platelet activation. A recent study reported that the

MASP family is activated during coagulation (35), which is

associated with platelet activation and may be a novel

mechanism of complement-platelet crosstalk that triggers

thrombo-inflammation (35). Factor H is particularly abundant

on platelets (36). Previous research has reported that factor H

may have an antithrombotic role because it may inhibit blood

coagulation through its platelet receptor (23). Therefore, the

increase in factor H may be a compensatory mechanism in

elderly individuals, which may prevent excessive platelet

activation and thus decrease the risk of thrombotic diseases. In

general, these complement proteins can also interact with

platelets, thereby affecting platelet activation, which suggests

that the elevation of these complement proteins in platelets

might be one of the reasons for platelet hyperreactivity in

elderly individuals.

There are some limitations in the study. Firstly, the sample size

of this study is limited to only 30 samples. Since this is a small

exploratory study, it may also provide insights into the impact of

ageing on the platelet proteome. Secondly, we used a classical

approach based on differential centrifugation for platelet

isolation, inevitably resulting in a population of platelets

contaminated by other circulating cells. Thirdly, we did not

conduct functional evaluation of the platelets used in this study.

These aspects require further improvement in our future research.
5 Conclusion

In this study, we revealed that the platelet proteome changed

with ageing, especially in elderly individuals. Enrichment analysis

showed that the differentially expressed proteins were associated

with platelet degranulation and complement activation.

Additionally, the decline in autophagy in the elderly population

indicates the disruption of platelet proteostasis. This novel

evidence has important implications for revealing changes in

platelet function that contribute to platelet hyperactivity and the

susceptibility to thrombosis in elderly individuals.
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