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Abstract  

In patients with a mild to moderate bleeding disorder (MBD) and abnormal light transmission 

aggregometry (LTA), a platelet function defect (PFD) is suspected. However, in many 

patients with PFD, the underlying mechanism remains elusive. Given the essential role of 

lipids in platelet signaling, platelet lipid profiles in MBD patients with unexplained PFD may 

provide valuable diagnostic and mechanistic insights. This study investigated platelet 

lipidomes in patients with PFD of unknown cause from the Vienna Bleeding Biobank (VIBB), 

a prospective cohort study. Using a standardized lipidomics workflow, we analyzed platelets 

from 27 patients and 19 age- and sex-matched controls and found that sex-specific lipid 

shifts emerged exclusively within the patient cohort, with greater deviations in females. 

Furthermore, lipid alterations correlated with impaired platelet aggregation and were 

predictive of responses to ADP and TRAP-6 stimuli in LTA experiments. Baseline and 

stimulated platelet analyses in a female subgroup showed intrinsic lipidomic changes, 

including upregulated polyunsaturated triacylglycerols (PUFA-TGs), acylcarnitines (CAR)s, 

and reduced lysophosphatidylethanolamines (LPEs). This study emphasizes lipidomic 

profiling as a promising diagnostic tool for unexplained platelet dysfunction and highlights 

TGs, CARs, and LPEs as potential therapeutic targets. Further research into lipid-driven 

platelet regulation may advance personalized treatments and improve clinical outcomes for 

patients with MBD.  



5 
 

Introduction 

Cardiovascular disease remains the leading cause of death in the aging population1, where 

vascular imbalance exacerbates both thrombosis and bleeding risks, with notable sex 

differences in disease progression.2, 3 Although significant advancements have been made 

in thrombosis risk assessment and management, bleeding complications remain a critical, 

timely, and major clinical issue.  

Patients with mild to moderate bleeding disorders (MBD), exhibiting symptoms such as 

epistaxis, easy bruising, or heavy menstrual bleeding frequently present at tertiary centers 

for a diagnostic work-up.4, 5 Their risk of bleeding increases during hemostatic challenges 

such as trauma, surgery, or childbirth, where bleeding can even be life-threatening.6, 7 Many 

of these cases involve an unknown cause of bleeding8, highlighting the urgent need for 

better diagnostic tools and a deeper understanding of bleeding pathophysiology to improve 

risk assessment and treatment options.  

The Vienna Bleeding Biobank (VIBB) is a prospective, single-center cohort study that 

systematically enrolls bleeding patients without a prior diagnosis of a bleeding disorder since 

2009.8 These patients have undergone extensive testing for coagulation disorders and 

platelet function defects (PFDs). In some patients with MBD, a PFD is suspected due to 

abnormalities observed in light transmission aggregometry (LTA), degranulation, and/or 

impaired glycoprotein expression.8, 9 However, unlike severe PFDs such as Glanzmann 

thrombasthenia or Bernard-Soulier syndrome, the mechanisms underlying impaired platelet 

reactivity in these patients remain poorly understood.9 Pathological genetic variants are only 

identified in a quarter of patients with PFD.10 This highlights the limitations of current 

diagnostic tools and a notable lack of targeted treatment options for MBD, particularly in 

high-risk hemostatic situations. 

Platelets are vital in maintaining hemostasis and preventing excessive bleeding after 

vascular injury. Complex signaling pathways, which include lipid-mediated mechanisms11-13, 

are essential to platelet function, influencing key processes such as activation, aggregation, 

and interactions with the coagulation cascade. Upon platelet activation, alterations in the 

platelet lipid membrane composition result in the production of lipid messengers13, 14 and 

redistribution of phospholipids between the plasma membrane leaflets15, thereby enhancing 

coagulation factor binding.16 Dysregulation of these processes can lead to hyperactive or 

hypoactive platelet responses, increasing the risk of thrombosis or bleeding, respectively. 

Moreover, lipids serve as highly sensitive biomarkers17 and changes in their profiles often 

precede other molecular events.18 Given the critical role of lipids in platelet physiology and 
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function, investigating the platelet lipidome offers a promising approach to understanding 

bleeding tendencies, such as those linked to PFD. 

This study aims to investigate the platelet lipidome in a well-defined subgroup of PFD 

patients with an undefined mechanism recruited from the VIBB cohort. It will compare 

platelet lipid profiles in their resting state and after activation with thrombin receptor-

activating peptide 6 (TRAP-6), providing novel insights into lipid-related mechanisms 

underlying platelet dysfunction. 

 

Methods 

Patient cohort 

Patients from the VIBB and healthy controls from the Vienna bleeding study (VIBS) were 

analyzed. Inclusion- and exclusion criteria were published previously9 and are summarized 

in Supplemental Table 1. Participants underwent broad hemostatic investigations, as shown 

in Supplemental Table 2. Both the VIBB (EC No 603/2009) and VIBS (EC No 039/2006) 

have been approved by the Ethics Committee of the Medical University Vienna according to 

the Declaration of Helsinki of 1975. All study participants signed a written informed consent.  

Investigated patients 

This sub-study included 27 bleeding patients with unexplained PFD, identified through 

clinical routine diagnostics, based on abnormal LTA (n=25), reduced glycoprotein VI 

expression (n=1), or decreased P-selectin expression (n=1). Patients were compared to 19 

age- and sex-matched healthy controls without a clinically relevant bleeding tendency. 

Patients and controls were invited for one or two follow-up investigations, where blood was 

drawn for further analyses (see below). 

Blood draw 

Blood samples were collected under fasting conditions via antecubital venipuncture using a 

21-gauge butterfly needle (Greiner Bio-One, Kremsmuenster, Austria) into Vacuette tubes 

(Greiner Bio-One, Kremsmuenster, Austria), with processing occurring within one hour of 

collection.  

Light transmission aggregometry 

To platelet-rich plasma (PRP) in an optical 4-channel aggregometer, ADP (14 µM) or TRAP-

6 (15 µM) was added to record changes in light transmission over 10 min. A detailed 

description is provided in the Supplemental Methods. 
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Platelet isolation and stimulation 

Washed platelets were frozen immediately (basal) or stimulated with 20 µM TRAP-6 for 5 

min and then frozen at -80°C until further analysis. Isolation and stimulation protocols are 

described in detail in the Supplemental Methods.  

Lipid extraction 

Platelet samples were processed using the SIMPLEX procedure described elsewhere.19 

Dried lipid fractions were resuspended for further mass spectrometry (MS) analysis. Internal 

lipid standards for quantification were added prior to extraction. A detailed description of the 

extraction procedure and standards is reported in the Supplemental Methods. 

 

Lipid analysis 

Shotgun lipidomic analysis was performed using a TriVersa Nanomate coupled to an 

Orbitrap mass spectrometer. Acquired spectra were analyzed using LipidXplorer.20 MS 

acquisition and data analysis parameters are detailed in the Supplemental Methods. 

Workflow details are also provided in the ILS Reporting Checklist (Supplemental Data). 

Identification of shared features by LipidSpace 

LipidSpace21 was employed for the comparison of basal platelet lipidomes by utilizing 

pairwise structural similarity metrics and quantitative data. A detailed description can be 

found in the Supplemental Methods. 

Statistical analysis 

Statistical analysis was done with R (v4.3.2) / R-Studio (v2023.09.1.494). Variables are 

presented as means with standard deviations. Boxplots boundaries represent the 25th and 

75th percentile, the center line the median, and whiskers extend from the hinge to the largest 

or smallest value no further than 1.5x the interquartile range. Two-group comparisons of 

normal distributed data was analyzed using a two-sided Student’s t-test or Welch’s t-test 

(unequal sample sizes). For non-normal distributions, a Wilcoxon rank sum test was 

employed. ANOVA was used for multiple groups. P-values less than 0.05 were considered 

significant (p ≤ 0.05 (*), p ≤ 0.01 (**), p ≤ 0.001 (***)).   

 

Results 

Clinical and laboratory characteristics 
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Clinical and laboratory characteristics of patients and age- and sex-matched healthy controls 

are shown in Table 1. At study inclusion, patients had a median (IQR) bleeding score (ISTH-

BAT) and number of bleeding manifestations of 6.5 (4.0, 9.0) and 3.0 (2.0, 5.0), respectively. 

A family history of bleeding was reported by 63% of patients. No differences in platelet 

count, immature platelet fraction, or coagulation parameters were observed. Patients had 

slightly lower factor (F) VIII levels, albeit within the normal range in all patients. Notably, 

patients had a significantly longer closure time in the platelet function analyzer (PFA-100), 

indicating impaired platelet function.  

 

Quantitative assessment of the platelet lipidome  

The lipid composition of human platelets was quantitatively analyzed using a robust and 

standardized lipidomics workflow (Figure 1A). In a first step, platelets were frozen 

immediately after processing to preserve the lipidome under basal conditions. Lipid profiles 

were obtained using the two-phase extraction method following the SIMPLEX protocol19 and 

shotgun lipidomics via direct infusion tandem mass spectrometry (MS/MS). This approach 

enabled the detection and quantification of 17 distinct lipid classes across four major lipid 

categories. In addition, the comparative analyses revealed no significant differences in the 

lipid profiles of male and female healthy control subgroups, except for 

lysophosphatidylethanolamine (LPE), which was less abundant in males (Figure 1B-C, 

Supplemental Figure 1A). However, few notable differences were observed at the lipid class 

level, with more significant deviations detected within the female patient cohort. The highest 

inter-donor variation in lipid concentrations was found in sterol lipids, specifically cholesterol 

esters (SE) and cholesterol (ST), as well as in triacylglycerols (TG). Apart from a modest 

increase in phosphatidylcholine (PC) and cardiolipin (CL) levels in menopausal patients, 

menopausal status did not significantly alter the platelet lipidome in either healthy controls or 

patients (Supplemental Figure 1B). 

 
Evaluation of the lipidome similarity and cohort-specific variability 

Next, we employed LipidSpace21, an advanced tool for analyzing lipidomes based on 

structural and quantitative features, to explore platelet lipidome similarities and cohort-

specific variability. LipidSpace enables the comparison of lipidomes by utilizing pairwise 

structural similarity metrics and quantitative data. Hierarchical clustering of the lipidomes 

revealed good separation for most samples, with an accuracy of 87% (Figure 2A-B). 

Furthermore, two distinct clusters, Cluster 1 and Cluster 2, emerged as the most divergent 
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from the control groups. Interestingly, 11 of the 12 patients from these clusters were 

females.  

A principal component analysis (PCA) was used to visualize the lipidomic data in a reduced 

dimensional space, considering lipid quantities (Figure 2C). The analysis reveals tight 

clustering of control and patient samples, with most data points grouped closely within the 

principal component space. However, a few patients (6, 10, and 11) are positioned 

significantly further from the main clusters, particularly along the first principal component, 

indicating more significant individual lipidomic differences. 

Z-score normalization of the selected lipid species (Figure 2D) revealed that patient groups 

exhibited higher lipid concentration variability than controls, particularly among male 

patients. Female patients displayed a noticeable upward shift in lipid concentration 

compared to sex-matched controls, while male patients exhibited broader heterogeneity in 

their lipid profiles. The 34 lipids contributing most significantly to the cohort separation were 

distributed across nine lipid classes (Figure 2E). Statistically significant differences were 

observed in less abundant lipid classes, such as lysophosphatidylcholine (LPC) and LPE. 

Both bioactive lipids are significantly downregulated in female patients compared to the sex-

matched control group. 

 

Association of selected lipid species with LTA data 

Next, we wanted to link the lipidomic and clinical data to get valuable insight into the 

correlation between lipid changes and global hemostatic platelet capacity. Therefore, LTA 

data from donors obtained parallel to platelet sample collection were linked to the results 

from the cohort-based feature analysis from LipidSpace. The selected lipid species were 

used to predict the area under the aggregometry curve (AUC) values from the LTA data. 

Measured AUC values for ADP (Figure 3A-C) and TRAP-6 (Figure 3D-F) stimuli, correlated 

strongly with the lipid-estimated AUC values in a linear regression analysis, with R2=0.820 

and R2=0.812, respectively.  

Patients exhibited significantly lower AUC values than controls across both stimuli (Figure 

3B,E), indicating reduced platelet aggregation capacity in the patient cohort. Notably, many 

patients belonging to the clusters identified in Figure 2A, with the most distinct and distant 

lipid profiles, also had the most reduced aggregation responses to platelet activation agents 

in LTA (Figure 3A,D). The cohort separation accuracy of approximately 70%, as indicated by 

AUC values derived from lipid occurrences, further reinforces the link between lipidomic 

profiles and platelet function. 
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In-depth analysis of basal and activated platelet lipidomes from cluster patients 

Given the high similarity observed in the lipidomes of basal platelets across donors, we 

aimed to evaluate shared and distinct features between patient platelet lipidomes upon 

activation. Therefore, we conducted follow-up investigations analyzing basal and activated 

platelets from patients in clusters 1 and 2, as their platelet lipidomes were most distinct. Five 

of twelve patients (patients 2, 3, 6, 43, and 46), all female, accepted our invitation, and age- 

and sex-matched controls were included for comparison (Figure 4A). No differences in 

clinical characteristics, waist-hip ratio, platelet count, coagulation parameters, lipid levels, or 

hormone levels were found between patients and controls (Table 2). This time, the 

experimental workflow, as outlined in Figure 1A, was adapted to include an additional step of 

activating platelets for 5 minutes with TRAP-6. This thrombin receptor agonist acts via the 

protease-activated receptor 1 (PAR1) pathway. Upon platelet activation, a distinct lipid 

signature could be observed for healthy controls (Figure 4B). Significantly regulated lipid 

species mostly belonged to the glycerophospholipids (GP, n=25), and only a few to either 

fatty acyls (FA, n=2), glycerolipids (GL, n=2), or sterol lipids (ST, n=1). Upregulated lipids 

that met the log2 fold change (FC) cutoff of +0.5 include lysophosphatidylinositols (LPI), 

LPEs, and phosphatidic acids (PA), with the strongest FCs observed for LPI 18:0 and LPI 

18:1. Downregulated lipids (log2 FC cutoff -0.5) include acylcarnitines (CAR) 18:1 and 18:2, 

and lysophosphatidylglycerol (LPG) 22:6, along with notable downregulation of high-

abundant phosphatidylinositol (PI) lipids, although with less pronounced FCs. A complete list 

of the regulated lipid species is provided in Supplemental Table 3. 

To examine TRAP-6-specific lipid regulation in patients, we visualized the FCs (TRAP-

6/basal) in a heatmap (Figure 4C). Most patients (P2, P3, P6, and P46) exhibited similar 

trends in lipid regulation to those observed in controls. However, patient 43 showed minimal 

lipidomic response to TRAP-6 activation, with negligible regulation of upregulated and 

downregulated lipid species. Patient 6 also showed a reduced upregulation of LPE species, 

particularly LPE 16:0, LPE 17:0, and LPE 20:1, suggesting a muted response in this specific 

lipid class. 

A broader analysis of all regulated lipid species across patients revealed additional 

differences compared to controls (Figure 4D). Patients exhibited not only shared regulatory 

patterns with controls but also distinct variations. Most notably, patient 43 demonstrated an 

overall lack of lipid regulation, with minimal changes across all lipid classes, corroborating 

the limited activation seen in Figure 4C. Patient 6 also exhibited fewer upregulated species 

in the LPE class, consistent with the muted response highlighted earlier. Intriguingly, patient 

2 showed pronounced downregulation of lipid classes related to energy metabolism, such as 



11 
 

cardiolipins (CL), lysocardiolipins (LCL), and phosphatidylglycerol (PG), which may reflect 

broader metabolic disturbances or mitochondrial dysfunction. 

 

Intrinsic lipidomic alterations in basal and TRAP-6-stimulated platelets 

To better understand the lipidomic differences between patients and controls, we compared 

the baseline lipid levels in both basal and TRAP-6-stimulated platelets, extending the 

analysis beyond activation-dependent lipid regulation. TRAP-6 was selected for its robust 

platelet activation and the significant reduction of P-selectin (CD62P) surface expression and 

procaspase activating compound-1 (PAC1) binding observed in patients (Supplemental 

Figure 2). Volcano plots were generated to visualize the differences in the patient cohort 

compared to controls, revealing distinct species-specific alterations (Figure 5A-B; 

Supplemental Table 4).  

Most prominently and most consistently, polyunsaturated triacylglycerols (PUFA-TGs), such 

as TG 56:6, TG 56:7, TG 56:8, and TG 58:7, TG 58:8, TG 58:9, were upregulated in 

patients. Similarly, acylcarnitines, including CAR 16:0, CAR 18:1, and CAR 18:2, showed a 

significant upregulation in basal and activated platelets. Additionally, two ether-linked 

phosphatidylethanolamine species (PE O-17:1/22:6, PE O-16:1/22:6) were also found to be 

upregulated in patients with high statistical significance. 

On the other hand, patients had significantly downregulated TG species with a lower degree 

of saturation. Among the phospholipids, LPE 22:3 was consistently reduced in the patient 

group. Importantly, these lipid trends can be observed in basal and TRAP-6-stimulated 

platelets, suggesting that the underlying differences in lipid composition are intrinsic to the 

patient cohort and are not solely a result of platelet activation. 

To investigate these trends further, we analyzed the degree of fatty acid saturation within 

TGs. Although TGs were not uniformly regulated on class level (Figure 5C), species-level 

analysis (Figure 5D) revealed a significant upregulation of PUFAs in patients, alongside 

marked downregulation of saturated and monounsaturated FAs. TGs were classified as 

PUFA-TGs if they contained four or more double bonds, though species with fewer double 

bonds may also qualify if combined with saturated fatty acids. However, due to identification 

on the species level, precise identification of fatty acid combinations was not possible. 

CARs showed consistent upregulation at the class level (Figure 5E), with several species 

contributing to this trend in both basal and TRAP-6-stimulated platelets from patients (Figure 

5F). Interestingly, upregulated platelet CAR species did not correlate with plasmatic 

coagulation factor activity in either patients or controls (Supplemental Figure 3), and 

corresponding plasma CAR levels remained unchanged (Supplemental Figure 4). 
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Platelet lipidome heterogeneity in the patient cohort 

Besides the mutual trends in TG and CAR lipid classes, the analysis of the patient lipidomes 

also revealed considerable heterogeneity in some individuals with a unique lipidomic profile 

compared to the broader cohort trends. We performed hierarchical clustering based on 

Pearson’s correlation of the mean lipid abundances in basal platelets (Figure 6A; 

Supplemental Figure 5). We identified patient 6 (P6) as the most divergent, indicating lipid 

regulation patterns markedly different from other patients. Visualizing the log2 FCs in a 

heatmap, comparing individual patient lipid class levels to the control group for both basal 

and TRAP-6-stimulated platelets, we could observe lower lipid class concentrations for 

lysophosphatidic acid (LPA), LPE, PA, phosphatidylcholine-ether (PCO), PG, and 

phosphatidylserine (PS), and higher SE levels in most patients compared to controls. In 

contrast, patient 6 exhibited mostly opposite trends (Figure 6B). The heterogeneity of the 

patient's platelet lipidomes can mask significant lipid trends, as shown exemplarily for LPA, 

LPE, PA, and PS, lipid classes critical for platelet activation (Figure 6C), where distinct 

differences in lipid abundance between controls, the patient cohort excluding patient 6 (pat#), 

and patient 6 can be observed.  

Interestingly, while most patients showed a similar activation pattern of LPE species during 

TRAP-6-mediated platelet activation, we observed significantly lower levels of LPE 16:1, 

LPE 18:1, LPE 18:3, LPE 20:1, LPE 20:3, LPE 20:5, LPE 22:1, LPE 22:3, and LPE 22:4 in 

the patient cohort excluding patient 6 compared to controls (Figure 6D), which seem 

independent of phospholipase C (PLC) activity (Supplemental Figure 6). LPE 18:1 and LPE 

20:1 were upregulated during activation in healthy controls, and lower levels (Figure 6E) 

might have reduced the platelet activation potential in the patients. Notably, although total 

LPE was significantly upregulated in patient 6 compared to controls and other patients, LPE 

22:3 and LPE 22:4 were consistently downregulated in all patients (Figure 6F). 

 

Discussion 

In this study, we used state-of-the-art high-resolution mass spectrometry to explore the 

platelet lipidome of patients with a mild-to-moderate bleeding tendency and a suspected 

PFD of unknown cause. Despite exhibiting platelet counts and immature platelet fractions 

comparable to healthy controls, these patients showed mild to severe platelet aggregation 

defects in LTA analysis. While few studies recently emerged exploring the platelet lipidome 

during a state of infection or inflammation22-25, the platelet lipidome of patients with 

hereditary PFD thus far has remained unexplored.  
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This study reveals three key findings. First, female patients demonstrated greater deviation 

in their basal platelet lipid profiles than males, suggesting potential sex-specific influences on 

lipid metabolism in disease states. Second, platelet activation via the PAR1 receptor 

triggered similar lipid responses in patients and healthy controls, indicating that fundamental 

aspects of platelet activation remain preserved despite platelet function defects. Lastly, 

distinct platelet lipidomic signatures are linked to platelet function, providing a foundation for 

future research into lipid markers for improved diagnosis and personalized therapeutic 

strategies.  

Our lipidomic analysis of resting platelets aligns closely with previously reported lipid class 

profiles of human platelets26, 27, though we observed higher SE concentrations, consistent 

with findings by Cebo et al.28 and Ruebsaamen et al.29 In line with the literature, we also 

observed no differences in most lipid classes in basal platelets in sex-mixed healthy 

controls.26 However, significant sex-specific differences emerged exclusively within the 

patient cohort, with greater deviations in females, suggesting that sex-specific biological 

processes, such as hormonal regulation, immune response, or metabolic adjustments, may 

be activated or altered due to the pathological condition. Sex differences exist in 

susceptibility to and progression of various cardiovascular diseases30-32, including MBD.2 

The most notable lipid level differences between patients and controls were found in CAR, 

TG, and LPEs, all from low-abundance classes. Additionally, the summed concentrations of 

the 34 lipids contributing to the cohort separation in LipidSpace accounted for less than 10 

mol%, indicating that changes within abundant platelet lipids were minimal while 

emphasizing subtle, disease-related lipidomic alterations. 

We found a significant increase in acylcarnitines in female patients with PFD. CARs might 

function as anticoagulant lipids by inhibiting plasmatic coagulation factor binding.33 

Previously, acylcarnitines were associated with increased bleeding risk in patients with 

coronary artery disease (CAD) and even showed predictive potential for mortality or 

recurring myocardial infarction in CAD patients.22, 25, 34 Our findings underline CARs as 

metabolic regulators in platelets and suggest that their altered abundance may contribute to 

the bleeding phenotype observed in PFD. Although CARs accumulated primarily within 

platelets and not in plasma, reflecting platelet-intrinsic metabolic dysregulation, we cannot 

exclude potential local effects on coagulation factors, particularly in the microenvironment of 

platelet activation. Functional assays or analyses based on coagulation factor purification 

are needed to determine the bioavailability and binding status of CARs (free vs. factor-

bound), which may influence their functional relevance and are not captured by standard 

lipidomics sample preparation. 
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Furthermore, we observed that the alterations in TG levels in patients with PFD may be 

influenced, at least in part, by the saturation degree of the lipid species. While the precise 

causes and functional consequences of these changes remain speculative, the shifts in TG 

and CAR levels among female PFD patients suggest a potential impact on platelet fatty acid 

metabolism. TGs serve as energy reservoirs, mobilized through lipolysis to fuel 

mitochondrial β-oxidation, a process facilitated by CARs, which shuttle long-chain fatty acids 

into mitochondria for oxidative phosphorylation. Elevated levels of CARs and PUFA-TGs 

observed in these patients could suggest impaired β-oxidation. Platelets rely on β-oxidation 

of fatty acids to generate the energy required for structural and functional changes during 

activation.35, 36 As fatty acid metabolism follows distinct pathways driven by enzyme 

selectivity for chain length and degree of saturation37, the characteristic TG profile may 

reflect a shift in mitochondrial energy metabolism or selective lipid utilization within platelets. 

Consistently, these findings align with the growing evidence that alterations in fatty acid 

availability and processing can influence platelet functionality and energy homeostasis.38  

However, the lower LPE levels are most interesting. Decreased LPE levels in our patient 

cohort align with studies linking LPE to altered platelet activation thresholds.39 Furthermore, 

elevated platelet LPE levels have previously been associated with increased cardiovascular 

risk22, supporting our findings of reduced LPE levels in patients with bleeding tendencies. 

The LPE reduction could potentially impair the MAPK/ERK1/2 pathway, whose activation 

goes hand in hand with platelet functions such as thromboxane A2 release and thrombus 

formation.40 While a potential upstream role of PLC in regulating LPE levels was considered, 

the lack of significant differences in PLC activity or linear relationship to LPE levels suggest 

that altered LPE dynamics in PFD patients are likely governed by PLC-independent 

mechanisms. Nonetheless, the dependency of the MAPK/ERK1/2 pathway on LPE levels 

has yet to be established in platelets and warrants further mechanistic investigation.41-43  

The current study highlights several critical considerations in the investigation of lipidomic 

changes associated with PFD. For dietary-sensitive lipids such as TG, diet is a relevant 

factor to consider. Although dietary intake was not explicitly controlled for, the lack of 

significant differences in waist-hip ratio (Table 2) minimizes the likelihood of major dietary 

discrepancies. Notably, the distinct lipid pattern persists despite the high inter-donor 

variation (CVpatients>38.4%) within the TG class. 

Furthermore, while the small sample size limits the ability to define robust biomarkers, it 

offers valuable insights that could guide future research in the right direction. To achieve 

more comprehensive and reliable conclusions, investigations of larger cohorts are 

warranted. However, this poses practical challenges, as PFD of unknown causes is rare, 
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even within the VIBB, one of the largest clinical biobanks for MBD. Immediate next steps 

should include expanding the current findings to the full study cohort while incorporating 

male participants to explore sex-specific similarities or differences. Longitudinal analyses 

could also be instrumental in tracking LPE changes over time and under hemostatic 

challenges, providing a dynamic perspective on disease progression and response to 

stimuli. Further, while TRAP-6 was used as a potent activator of the PAR-1 pathway in this 

study, it is important to acknowledge that different agonists, such as ADP, epinephrine, or 

collagen, trigger distinct platelet signaling pathways and may lead to unique lipidomic 

responses. A broader evaluation using multiple agonists could help differentiate between 

receptor-specific and shared lipid regulation patterns and fully elucidate the complexity of 

platelet lipid signaling in PFD. Ultimately, these efforts may guide the development of 

targeted therapeutic strategies to restore lipid homeostasis in PFD patients and offer a 

promising path for improving patient outcomes.  

In conclusion, we report distinctive lipidomic changes in platelets from patients with PFD 

compared to age- and sex-matched healthy controls. Further, we were able to link distinct 

lipid profiles to reduced aggregation responses to platelet activation agents ex vivo. These 

results highlight that lipidomic alterations can be linked to bleeding tendency. 
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Tables  

Table 1. Clinical and laboratory characteristics of patients and healthy controls 

 Patients 
n = 27 

Healthy controls 
n = 19 

p-value 

 n (%) n (%)  

Positive family history of bleeding  16 (59%) 0 (0%) <0.001 

Female sex 17 (63%) 12 (63%) 0.989 

 Median (IQR) Median (IQR)  

Age, years 38.0 (31.0, 43.0) 35.0 (25.0, 40.0) 0.326 

Vicenza bleeding score 5.0 (4.0, 8.0) - NA 

ISTH-BAT bleeding score 6.5 (4.0, 9.0) - NA 

Number of bleeding manifestations 3.0 (2.0, 5.0) - NA 

Hemoglobin, g/dL 14.0 (13.2, 15.1) 13.8 (13.0, 14.5) 0.525 

Platelets, x109/L 250.0 (204.0, 284.0) 264.0 (222.0, 298.0) 0.265 

Immature platelet fraction*, x109/L 8.6 (7.1, 11.5) 10.3 (7.6, 15.6) 0.362 

Immature platelet fraction*, % 3.3 (2.7, 6.1) 3.8 (3.0, 6.2) 0.505 

Mean platelet volume*, fL 10.5 (10.1, 11.0) 10.8 (10.0, 11.2) 0.285 

Prothrombin time, % 89.0 (10.0) 89.0 (10.3)  0.729  

APTT, seconds 36.7 (10.7) 35.0 (4.5)  0.103  

Fibrinogen, mg/dL 287.0 (252.0, 342.0) 277.0 (248.0, 329.0) 0.428 

FVIII, % 98.0 (84.0, 129.0) 127.0 (110.0, 144.0) 0.028 

FIX, % 86.0 (80.0, 102.0) 86.0 (81.0, 98.0) 0.902 

FXIII*, % 134.5 (121.0, 186.0) 143.0 (119.0, 154.0) 0.713 

PFA-100 (epinephrine), seconds 164.0 (132.0, 189.0) 122.0 (103.0, 149.0) <0.001 

VWF:Ag, % 95.0 (72.0, 114.0) 102.0 (92.0, 115.0) 0.088 

VWF:Act, % 94.0 (78.0, 136.0) 113.0 (98.0, 146.0) 0.160 
*missing values: immature platelet fraction in 5 patients and 1 healthy control, mean platelet 
volume in 1 patient, FXIII in 1 patient 

IQR, interquartile range (25th, 75th percentile), NA, not applicable; ISTH-BAT, International 
Society on Thrombosis and Haemostasis  bleeding assessment; APTT, activated partial 
thromboplastin time; VWF, von Willebrand factors; Ag, antigen; Act, activity; F, factor 
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Table 2. Clinical and laboratory characteristics of patients and healthy controls at follow-up 
investigations  

 Patients 
n = 5 

Healthy controls 
n = 5 

p-value 

 n (%) n (%)  

Female sex 5 (100%) 5 (100%) >0.999 

Family history of bleeding 2 (40%) 0 (0%) 0.444 

 Median (IQR) Median (IQR)  

Age, years 53.0 (45.0, 57.0) 40.0 (37.0, 42.0) 0.346 

Waist-hip-ratio 0.7 (0.7, 0.8) 0.8 (0.8, 1.1) 0.063 

Hemoglobin, g/dL 13.2 (12.6, 13.7) 13.2 (13.1, 13.4) 0.730 

Platelets, x109/L 210.0 (187.0, 248.5) 238.0 (234.0, 248.0) 0.413 

Immature platelet fraction*, x109/L 7.6 (5.3, 9.4) 11.2 (10.2, 11.9) 0.063 

Immature platelet fraction*, % 5.1 (3.6, 10.5) 4.5 (3.5, 6.2) >0.999 

Prothrombin time, % 84.0 (81.0, 95.0) 88.0 (84.0, 100.0) 0.346 

APTT, sec 35.1 (33.7, 35.7) 35.2 (33.8, 39.5) >0.999 

FVIII, % 121.0 (115.0, 146.0) 112.0 (80.0, 119.0) 0.222 

FIX, % 87.0 (84.0, 105.0) 90.0 (78.0, 109.0) 0.675 

FXIII, %  149.0 (145.0, 166.0) 133.0 (131.0, 187.0) 0.841 

Triglycerides, mg/dL 78.0 (60.0, 78.0) 69.0 (52.0, 99.0) 0.834 

Cholesterol, mg/dL 218.0 (208.0, 220.0) 186.0 (182.0, 192.0) 0.222 

HDL, mg/dL 73.0 (63.0, 79.0) 62.0 (59.0, 96.0) >0.999 

LDL, mg/dL 123.0 (121.8, 123.4) 110.2 (69.8, 113.2) 0.310 

Apoliporotein A1, mg/dL 158.0 (150.0, 170.0) 155.0 (144.0, 167.0) 0.841 

Apolipoprotein B, mg/dL 92.0 (87.0, 102.0) 86.0 (57.0, 94.0) 0.402 

Lipoprotein (a), nmol/L 7.0 (7.0, 17.0) 7.0 (7.0, 7.0) 0.441 

TSH, µIU/mL 1.3 (1.3, 1.4) 1.8 (1.7, 2.5) 0.421 

Testosterone, ng/mL 0.2 (0.1, 0.2) 0.1 (0.1, 0.2) >0.999 

17-β-Oestradiol, pg/mL 6.0 (5.0, 11.0) 70.0 (52.0, 130.0) 0.094 

Vitamin D, nmol/L 81.2 (57.0, 83.7) 70.7 (65.2, 72.0) 0.841 

Vitamin B12, pmol/L 420.0 (167.0, 538.5) 443.0 (343.0, 491.0) 0.905 

TSH, Thyroid stimulating hormone; F, factor; APTT, activated partial thromboplastin time 
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Figure 1. Lipidomics workflow and lipid class distribution in control and patient groups. 

(A) The lipidomics workflow includes sample generation, lipid extraction, measurement via high-

resolution mass spectrometry, and subsequent data analysis and processing. (B) Mean relative 

abundance of high-abundance lipid classes across control and patient groups, separated by 

biological sex (C) Relative abundance of low-abundance lipid classes, shown for the same 

groups as in (B). A two-sided t-test was performed to compare control subgroups and sex-

matched groups statistically. Comparison of patient subgroups was not considered. Each data 

point represents one donor (control female (n=12), control male (n=7), patient female (n=17), 

patient male (n=10)). PC, phosphatidylcholine; PE, phosphatidylethanolamine; PEO, PE-ether; 

PI, phosphatidylinositol; PS, phosphatidylserine; SE, cholesterol ester; SM, sphingomyelin; ST, 

cholesterol; CL, cardiolipin; DG, diacylglycerol; LPC, lyso-PC; LPE, lyso-PE; LPI, lyso-PI; PA, 

phosphatidic acid; PCO, PC-ether; PG, phosphatidylglycerol; TG, triacylglycerol. (p ≤ 0.05 (*), p ≤ 

0.01 (**), p ≤ 0.001 (***)) 

 

 

Figure 2. Cohort-based lipid feature analysis reveals separation between control and 

patient groups, with a stronger effect in females. (A) Dendrogram illustrating separation of 

control and patient groups after cohort-based feature analysis using LipidSpace, based on 

chemical space clustering of selected lipid species. Two distinct clusters (cluster 1 (red) and 2 

(blue)) were identified with high dissimilarity to controls. (B) Classification accuracy of cohort 

separation using lipid occurrence data and Z-scoring of lipid concentrations. (C) Principal 

component analysis shows a distinct separation of control and patient groups. Patient IDs from 

clusters 1 and 2 are highlighted and color-coded according to (A). (D) Statistical comparison of Z-

scores of selected lipid species by ANOVA across control and patient subgroups. (E) The 

distribution of selected lipid species from cohort-based feature analysis is displayed as lipid 

classes. Each data point represents one donor (control female (n=12), control male (n=7), patient 

female (n=17), patient male (n=10)). CL, cardiolipin; DG, diacylglycerol; LPC, lyso-PC; LPE, lyso-

PE; PA, phosphatidic acid; PC, phosphatidylcholine; PCO, PC-ether; PE, 

phosphatidylethanolamine; PEO, PE-ether. (p <= 0.05 (*), p <= 0.01 (**)) 

 

 

Figure 3. Linear regression analysis reveals a strong correlation between lipid-estimated 

and measured AUC values from platelet aggregation tests. (A) ADP linear regression model 

correlating measured and lipid-estimated AUC values from light-transmission aggregometry 

(LTA) experiments using 14 µM ADP as the platelet activation agent. (B) Statistical significance 

of the regression model determined by a two-sided t-test. (C) Model accuracy for ADP-induced 

aggregation. (D-F) TRAP-6 linear regression analysis of platelet aggregation responses using 15 

µM TRAP-6 as the activation agent, with (E) statistical significance evaluated by a two-sided t-
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test and (F) model accuracy. Each data point represents one donor. Red and blue-circled points 

indicate cluster 1 and cluster 2 patients, respectively. 

 

Figure 4. Platelet activation response and lipid regulation upon TRAP-6 stimulation. (A) 

Illustration of the study cohorts for platelet activation experiments using 20 µM TRAP-6. Five 

female patients from selected clusters are compared to five age- and sex-matched controls. (B) 

Volcano plot showing TRAP-6-specific lipid regulation in healthy controls, comparing basal 

versus TRAP-6-stimulated platelets. Significantly regulated lipid species are color-coded by lipid 

class, with lipid species exhibiting a log2 fold change (FC) above ±0.5 labeled. (C) Matrix of 

significantly regulated lipid species identified in activated control platelets (log2 FC cutoff ±0.5) 

showing their corresponding log2 FC values comparing basal and TRAP-6-stimulated platelets 

for controls (mean of 5 individuals) and individual patients (P2, P3, P6, P43, P46). (D) Bar graph 

illustrating the number of regulated lipid species (log2 FC cutoff ±0.5) per lipid class for controls 

and individual patients. ns, not significant; LPI, lyso-PI; LPE, lyso-PE; LPC, lyso-PC; LPG, lyso-

PG; CAR, acylcarnitine; DG, diacylglycerol; TG, triacylglycerol; SE, cholesterol ester; PA, 

phosphatidic acid; PI, phosphatidylinositol; SM, sphingomyelin; CL, cardiolipin; LCL, lyso-CL; 

PG, phosphatidylglycerol; PS, phosphatidylserine. 

 

Figure 5. Comparative lipidomics analysis of basal and activated platelets in patients 

versus controls highlights distinct lipid signatures in patients. (A-B) Volcano plots 

comparing lipid abundances between patients and controls in (A) basal and (B) TRAP-6-

activated platelets. Significantly regulated lipid species with a log2 FC cutoff ±0.5 are shown, with 

color-coding based on lipid categories. (C) Triacylglycerol (TG) analysis at the lipid class level. 

(D) Bubble chart showing the degree of saturation of TG at the species level. The size of each 

bubble represents the mean lipid abundance in TRAP-6-stimulated platelets, with color indicating 

the log2 FC between patients and controls of stimulated platelets. (E) Carnitine (CAR) analysis at 

the lipid class level. (F) Regulation of selected carnitine species, focusing on upregulated species 

in patients. Data points represent replicates (n=4-6) from 5 donors per group. ns, not significant; 

FA, fatty acyl; GL, glycerolipids; GP, glycerophospholipid. (p ≤ 0.05 (*), p ≤ 0.01 (**), p ≤ 0.001 

(***)) 

 

Figure 6. Patient heterogeneity obscures significant lipid trends, highlighting unique lipid 

profiles in individual cases. (A) Hierarchical clustering of the mean lipid abundances in basal 

platelets, based on Pearson’s correlation, shows patient 6 (P6) as the most distinct from other 

patients. (B) Heatmap illustrating lipid classes with opposite regulation trends in patient 6 

compared to other patients, with prominent lipid classes displayed as a matrix of log2 FCs 
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(patient vs control) for basal and TRAP-6-stimulated platelets. Colors represent log2 FC values. 

(C) Selected lipid classes critical for platelet activation, showing differences in lipid abundance at 

the class level in controls, patients excluding patient 6 (pat#, n=4), and patient 6, for both basal 

and TRAP-6-stimulated platelets. (D) Patients excluding patient 6 show significantly lower LPE 

species levels than controls (representative basal levels shown). Asterisks indicate significance. 

(E) LPE species upregulated during TRAP-6-induced platelet activation. (F) LPE species 

showing significantly lower levels in all patients and consistent lipid regulation across the patient 

cohort. Data points represent replicates (n=4-6) from 5 donors per group. ns, not significant; 

LPA, lyso-PA; LPE, lyso-PE; PA, phosphatidic acid; PCO, PC-ether; PG, phosphatidylglycerol; 

PS, phosphatidylserine; SE, cholesterol ester. (p ≤ 0.05 (*), p ≤ 0.01 (**), p ≤ 0.001 (***)) 
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Supplemental Methods 

Study inclusion and blood sampling 

Upon study inclusion1, patients and controls underwent a structured interview on the general 

medical and bleeding history using a standardized questionnaire, and blood sampling. All 

study participants were instructed to withhold NSAIDs and other medications known to affect 

platelet function for at least 10 days before the visit, to have had no surgery within the 

preceding 6 weeks, and no acute infections in the prior 2 weeks. 

Flow cytometry 

To obtain platelet-rich plasma (PRP), whole blood anticoagulated with 3.2% sodium citrate 

was centrifuged for 20 min at 120 g at room temperature without brake. PRP was then 

activated for 15 minutes using one of the following agonists: the PAR-1 receptor agonist 

TRAP-6 (10 µM; AnaSpec), adenosine diphosphate (ADP, 10 µM; Sigma-Aldrich), or the GPVI 

agonist cross-linked collagen-related peptide (CRP-XL, 12 ng/mL; CambCol Laboratories). 

Platelet activation was assessed by measuring surface P-selectin expression with anti-CD62P 

BV605 (1:100, clone AK4; BioLegend) and activated GPIIb/IIIa binding with PAC-1-FITC 

(1:40; BioLegend). After 20 minutes of staining, platelets were fixed with 1% formaldehyde 

and analyzed using a CytoFLEX flow cytometer with CytExpert 2.4 software (both Beckman 

Coulter). 

Light transmission aggregometry 

Platelet-poor plasma (PPP) was generated by centrifuging PRP in the presence of prostacyclin 

(0.1 µg/mL) for 1.5 min at 1000 g.  PRP was stirred in an optical 4-channel aggregometer 

(PAP-8, MöLab) at 37°C for 1 min, thereafter the indicated agonists, ADP (14 µM, Sigma) and 

PAR-1 receptor agonist TRAP-6 (15 µM, AnaSpec), were added and changes in light 

transmission recorded over 10 min. Light transmission was determined between 0% (PRP) 

and 100% (PPP). Results are expressed as the area under the aggregometry curve (AUC), 

measured as arbitrary units/min (AU/min). 

Platelet isolation for lipidomics analysis 

To 9 mL of whole blood in an acid-citrate dextrose (ACD) tube, 1 mL of ACD stock (22 g/L 

citric acid, trisodium salt, dihydrate; 7.30 g/L citric acid, anhydrous and 24.50 g/L D-(+) 

glucose; pH:5.5, Sigma) was added, and the mixture was centrifuged at 120 g for 20 min at 

room temperature without brake. Then, 1 mL aliquots of platelet-rich plasma (PRP) were 

transferred to new tubes, and diluted with 1 mL of Thyrode-HEPES (TH) buffer (140 mM NaCl, 

3mM KCl, 1mM MgCl2, 16.63 mM NaHCO3, 10 mM HEPES; pH7.4) supplemented with 15% 
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ACD before centrifuging at 1000 g for 1.5 min. The platelet pellets were washed in 1 mL of TH 

buffer with 15% ACD and centrifuged again at 1000 g for 1.5 min. The platelet pellets were 

resuspended and pooled in 400-800 µL TH buffer. The suspension was diluted 1:10 or 1:20, 

and the platelet count was measured immediately on a blood counter (Sysmex). Basal 

platelets were frozen immediately at -80°C. For activation experiments, platelets were 

stimulated with TRAP-6 (20 µM), incubated for 5 min, and then frozen immediately at -80°C. 

For the initial experiment (Figure 1-3), platelet samples were collected over three months and 

stored for a maximum of six months before lipid extraction and analysis. Platelet samples from 

the follow-up investigations (Figure 4-6) were collected and measured within one week. Per 

sample, 5×107 (initial experiment) or 108 (follow-up investigation) platelets were transferred 

into clean polypropylene Eppendorf tubes prior to lipid extraction. 

Lipid standards 

Mouse SPLASH Lipidomix ® Mass Spec Standard (Avanti Polar Lipids 330710X-1EA) 

consisting of phosphatidylcholine (PC) 15:0-18:1(d7), phosphatidylethanolamine (PE) 15:0-

18:1(d7), phosphatidylserine (PS) 15:0-18:1(d7), phosphatidylglycerol (PG) 15:0-18:1(d7), 

phosphatidylinositol (PI) 15:0-18:1(d7), phosphatidic acid (PA) 15:0-18:1(d7), lyso-PC 

18:1(d7), lyso-PE 18:1(d7), cholesterol ester (SE) 18:1(d7), phosphatidylcholine-ether (PC O-

a) 18:0-18:1(d9), phosphatidylethanolamine-ether(PE O-a) 18:0-18:1(d9), diacylglycerol (DG) 

15:0-18:1(d7), triacylglycerol 15:0-18:1(d7)-15:0, and sphingomyelin d18:1-18:1(d9). 

Cholesterol-d7 (Avanti Polar Lipids 700041P) and CAR 12:0-d9 (Sigma 870326P) were 

dissolved in 1:1 MeOH/CHCL3 (v/v).  

Lipid extraction 

Platelet samples were processed using the SIMPLEX extraction procedure described 

elsewhere2. Briefly, lipid standards were spiked into sample suspensions before adding 225 

µl of cold ULC/MS grade methanol (MeOH, -20°C) (Biosolve 13684102). Samples were then 

homogenized by 20 s of vortex mixing and 5 min sonication in a 4°C water bath. Then, 750 µl 

of cold methyl tert-butyl ether (MTBE,-20°C) (VWR 34875-1L) was added, and samples were 

incubated at 4°C for 1 h at 950 rpm. To achieve phase partitioning, 188 µl cold ULC/MS-grade 

water (4°C) (Biosolve 23214102) was added, and samples were incubated for 5 min on ice, 

followed by 10 min centrifugation at 10.000 g. The upper lipid-containing phase was collected 

and dried under nitrogen flow. Lipids were then reconstituted in 100 µl isopropanol (Sigma 

Aldrich 1010402500)/MeOH/chloroform (Sigma Aldrich 650498-1L) (4:2:1, v/v/v) containing 

7.5 mM ammonium acetate (Merck 73594-25G-F). Lipid samples were stored at -80°C until 

further analysis. To the remaining sample, 527 µl cold MeOH was added to precipitate proteins 

for 2 h at -20°C. Proteins were pelleted via 30 min centrifugation at 4 °C, 12000 g, dried, 
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resuspended in SDS lysis buffer (1% SDS, 50 mM Tris, 150 mM NaCl, pH 7.8), and stored at 

-80°C. Protein quantification was performed using the PierceTM BCA protein assay kit (Thermo 
Scientific). 

Shotgun lipidomics 

Lipids were measured with direct infusion using a TriVersa Nanomate ion source (Advion 

Biosciences) coupled to an Orbitrap mass spectrometer (Q Exactive HF or Exploris 240, 

Thermo Fisher Scientific). A 12 µl sample was delivered over 14 min with a backpressure of 

0.95 psi. After 6 min, polarity switching from +1.30 kV to -1.30 kV was applied to acquire mass 

spectra in both positive and negative ion mode in a single run. Full MS spectra were acquired 

over a mass range of 350 – 1200 m/z in both polarities, with a resolution of 240.000, an AGC 

target of 1e6, and a maximum injection time (IT) of 105 ms. MS1 acquisition was followed by 

data-independent acquisition (DIA) of precursor masses at an interval of 1.001 Da. The 

precursor isolation window was 1 Da, and normalized collision energy (nCE) was 21 % and 

26 % for positive and negative mode, respectively. MS2 spectra were acquired with a 

resolution of 60.000, an AGC target of 1e5, and a maximum IT of 105 ms, covering a 150-

1500 m/z range. 

Lipid Identification and quantification 

All spectra from shotgun experiments were converted to centroid mode using MSConvert 

(v3.0.20186-dd907d757) and analyzed using LipidXplorer (v1.2.8.1)3 under the following 

parameters: mass tolerance of 10 ppm with an intensity threshold of 8e3 for MS1 and a mass 

tolerance of 20 ppm with an intensity threshold of 4e3 for MS2. Minimum occupation and 

frequency filters were set to zero. Lipid identification was performed using modified molecular 

fragmentation query language (MFQL) queries4 to match precursor and fragment ions for 

accurate lipid species identification. The quantification of GLs (DG, TG), SM, STs (SE, ST), 

and fatty acyls (CAR) was conducted in positive ion mode. GPs (CL, LPI, LPG, LPC, LPE, 

LPA, LPS, PA, PG, PC, PCO, PE, PEO, PI, PS) were quantified in negative ion mode. All 

signal intensities were normalized to the corresponding deuterated internal standard (Mouse 

SPLASH® LIPIDOMIX® Mass Spec Standard) and their respective pmol concentrations. TGs, 

CLs, and SMs were quantified based on precursor intensities. Relative lipid concentrations 

were calculated as mol% of the sample. 
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Identification of shared features by LipidSpace 

LipidSpace5 was used for the structural comparison of lipidomes within each sample. The 

structural similarity of all lipid pairs builds a unique profile (lipid space) for each sample. By 

combining these spaces using the Hausdorff distance, a dendrogram is created, visualizing 

the relations of all samples to each other. For the selection of significant lipids (features) based 

on the separation of the cohorts, a forward feature selection approach was utilized, as 

described previously5. Here, the target variable for each sample is the summed z-scores of all 

lipid concentrations provided by the feature selection. A regular principal component analysis 

(PCA) was performed on the concentration matrix of the selected lipids. To determine the 

accuracy, a modified Kolmogorov-Smirnov method was used to find the biggest separation 

spot within the overlap of the two cohort distributions. Below that spot, all control z-scores are 

considered correctly annotated, while the patient’s z-scores are incorrectly annotated. Above 

that spot, the annotations are vice versa. The accuracy is the ratio of correct annotations to all 

samples. 

Plasma acylcarnitine analysis via targeted reversed-phase liquid chromatography 
(RPLC)-MS/MS 

Citrated whole blood was centrifuged at 1000 g for 10 min at 4°C, followed by a second 

centrifugation of the supernatant at 10.000 g for 10 min at 4°C6 to yield purified plasma. Per 

sample, 20 µl plasma was extracted using the Bligh & Dyer lipid extraction7 with few 

modifications. In brief, CAR 12:0-d9 internal standard was added to samples prior to 

extraction, and blanks and a pooled plasma sample were processed in parallel as quality 

control. Cold 600 µl chloroform/MeOH (1:2, v/v) and 140 µl ULC/MS-grade water was added, 

and samples were incubated for 1 h at 950 rpm at 4°C. Afterwards, chloroform and water were 

added to a final solvent ratio of chloroform/MeOH/water of 2:2:1.8 (v/v/v). Samples were 

further centrifuged for 10 min at 10.000 g, 4°C, before transferring the lower organic phase to 

a new Eppendorf tube. Samples were dried under N2 flow and resolubilized in 1-butanol 

(Sigma Aldrich 1019881000)/isopropanol/water (8:23:69, v/v/v) + 5 mM phosphoric acid for 

subsequent LC-MS analysis. 

Analysis of acylcarnitines was adapted from Zhang et al.8 into an optimized targeted method 

previously described by Peng et al.9. RPLC was performed using a Vanquish Flex UHPLC 

system (Thermo Fisher Scientific, Germering, Germany) equipped with an Ascentis Express 

C18 column (150 mm × 2.1 mm, 2.7 μm, Supelco) fitted with a guard cartridge (50 mm × 2.1 

mm, 2.7 μm, Supelco), at 60 °C oven temperature. The mobile phase consisted of solvent A 

(acetonitrile/water, 3:2, v/v) and solvent B (isopropanol/acetonitrile, 9:1, v/v), both 

supplemented with 0.1% formic acid, 10 mM ammonium formate, and 5 μM phosphoric acid. 
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Chromatographic separation was carried out at a flow rate of 0.5 ml/min using a 25-min 

gradient: 0–2 min, 30% B,  2–3 min, increase to 56.1% B, 3–4 min, to 58.3% B, 4–5.5 min, to 

60.2% B, 5.5–7 min, to 60.6% B, 7–8.5 min, to 62.3% B, 8.5–10 min, to 64% B, 10–11.5 min, 

to 64.5% B, 11.5–13 min, to 66.2% B, 13–14.5 min, to 66.9% B, 14.5–15 min, to 100% B, 15–

19 min, held at 100% B, 19 min, drop to 5% B, 19–22 min, held at 5% B, 22–25 min, re-

equilibrated at 30% B. The injector needle was rinsed with 30% B containing 0.1% phosphoric 

acid, and 5 μl per sample was injected. 

The LC system was coupled to a QTRAP 6500+ mass spectrometer (Applied Biosystems 

Sciex, Darmstadt, Germany) equipped with a Turbo V ESI source. Data acquisition was 

performed in positive ion mode with the following source parameters: curtain gas, 30 AU; 

source temperature, 250 °C; ion source gas 1, 40 AU; ion source gas 2, 65 AU; collision gas, 

medium; ion spray voltage, +5500 V; declustering potential, +145 V; entrance potential, +10 V; 

and exit potential, +13 V. For the scheduled SRM, Q1 and Q3 were set to unit resolution and 

the cycle time was set to 0.5 s. Data was acquired using the Analyst software version 1.7.2 

(Applied Biosystems Sciex, Concord, ON, Canada) and peaks were manually integrated in 

Skyline (v 24.1.0.414). Peak areas were quantified relative to the internal standard and 

normalized to the extracted plasma volume to calculate lipid species’ abundance. 

Phospholipase C (PLC) activity assay 

PLC activity was determined in washed platelets by a colorimetric PLC activity assay (BioCat, 

Heidelberg, Germany) according to the instructions of the manufacturer. 
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Supplemental Figures 

Supplemental Figure 1. Platelet lipid class distribution in control and patient groups. (A) 

Absolute quantification of high (left) and low (right) abundant lipid classes. A two-sided t-test was 

performed to statistically compare the control subgroups and sex-matched groups. Comparison of 

patient subgroups was not considered. Each data point represents one donor (control female 

(n=12), control male (n=7), patient female (n=17), patient male (n=10)). (B) Mean relative 

abundance of high- (left) and low-abundance (right) lipid classes from female study participants, 

separated by menopausal status. A Welch’s t-test was performed to compare groups with unequal 

sample sizes. Each data point represents one donor (healthy females: premenopausal (n=9), 

menopausal (n=2); patient females: premenopausal (n=10), menopausal (n=5); not available: 

(n=2)). PC, phosphatidylcholine; PE, phosphatidylethanolamine; PEO, PE-ether; PI, 

phosphatidylinositol; PS, phosphatidylserine; SE, cholesterol ester; SM, sphingomyelin; ST, 

cholesterol; CL, cardiolipin; DG, diacylglycerol; LPC, lyso-PC; LPE, lyso-PE; LPI, lyso-PI; PA, 

phosphatidic acid; PCO, PC-ether; PG, phosphatidylglycerol; TG, triacylglycerol. (p ≤ 0.05 (*), p ≤ 

0.01 (**)). Associated to Figure 1. 
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Supplemental Figure 2. Flow cytometry staining of CD62P expression and PAC1 binding 

after platelet activation. Mean fluorescence intensity (MFI) was measured in platelets under 

basal and activated conditions with different stimuli. MFI was calculated as percentage (%). (p ≤ 

0.05 (*), p ≤ 0.01 (**)) 
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Supplemental Figure 3. Correlation analysis of coagulation parameters with acylcarnitine 

levels in PFD patients and healthy controls. Scatter plots display the correlation between the 

summed z-score of significantly upregulated CAR species (CAR 16:0, CAR 16:1, CAR 18:1 and 

CAR 18:2) and the activity levels (expressed as % relative to reference pooled plasma) of 

coagulation factors VIII, IX, XI, XII, XIII, and the thrombin-antithrombin (TAT) complex. Linear 

regression lines and R2 values are shown separately for patients (orange) and controls (green), 

black indicates combined groups. Corresponding bar graphs indicate no statistically significant 

differences in coagulation parameters between groups. Data represent individual donors. (ns, not 

significant) 
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Supplemental Figure 4. Plasma levels of long-chain acylcarnitines in patients with PFD and 

healthy controls. Boxplots show acylcarnitine (CAR) pmol concentrations per mL plasma from 

follow-up study participants. (ns, not significant) 

Supplemental Figure 5. Correlation matrix of all 26 platelet lipidomes from 5 PFD patients 

in basal or TRAP6-activated conditions. Correlation is based on Pearson correlation 

coefficients, indicated by the color scale. Patient IDs are labeled, and lines represent rows and 

columns of 4-6 replicates per patient. Associated to Figure 6A. 
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Supplemental Figure 6. Correlation analysis of phospholipase C (PLC) activity and LPE 

levels in PFD patients and healthy controls. Scatter plots display the correlation between the 

summed z-score of significantly upregulated LPE species (LPE 16:1, LPE 18:1, LPE 18:3, LPE 

20:1, LPE 20:3, LPE 20:5, LPE 22:1, LPE 22:3, and LPE 22:4) and the PLC activity levels 

(nmol/min per platelet). Linear regression lines and R2 values are shown separately for patients 

(orange, n=5) and controls (green, n=4), black indicates combined groups. Corresponding bar 

graphs indicate no statistically significant differences between groups. Data represent individual 

donors. (ns, not significant) 
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Direct Infusion Workflow

Overall study design

Title of the study Altered platelet lipidome in bleeding patients with abnormal platelet function
Document creation date 01/09/2025 Corresponding Email robert.ahrends@univie.ac.at
Principal investigator Robert Ahrends Is the workflow targeted or

untargeted?
Untargeted

Institution University of Vienna, Faculty
of Chemistry, Institute of
Analytical Chemistry

Clinical Yes

Lipid extraction

Extraction method 2-phase system Were internal standards added
prior extraction?

Yes

pH adjustment None Special conditions -
2-phase system MTBE Derivatization -

Analytical platform

Ionizaton additives Ammonium acetate Mass accuracy in ppm at MS1 10
Detector Mass spectrometer Recording mode of raw data at

MS1
Centroid mode

MS type Orbitrap Mass window for precursor ion
isolation (in Da total isolation
window)

1

MS vendor Thermo Mass resolution for detected ion at
MS2

High resolution

Direct type Chip Resolution at m/z 200 at MS2 60000
MS Level MS1, MS2 Mass accuracy in ppm at MS2 20
Mass resolution for detected ion at
MS1

High resolution Recording mode of raw data at
MS2

Centroid mode

Resolution at m/z 200 at MS1 240000 Was/Were additional
dimension/techniques used
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Quality control

Blanks Yes Quality control Yes
Type of Blanks Extraction blank, Solvent

blank, Internal standard blank
Type of QC sample Sample pool
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Method validation Yes Precision Yes
Lipid recovery Yes Accuracy Yes
Dynamic quantification range Yes Guidelines followed None
Limit of quantitation (LOQ)/Limit
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Yes

Reporting

Are reported raw data uploaded
into repository?

Available on request Raw data upload Available on request

Are metadata available? Available on request Additional comments -

Sample Descriptions

platelets in basal conditions / Human / Cells

Storage and collection conditions Available Storage temperature -80 °C
Provided preanalytical information Time to freeze (min), Storage

time (month)
Storage time (month) 6

Temperature handling original
sample

Room temperature Additives None

Instant sample preparation No Were samples stored under inert
gas?

No

Time to freeze (min) 60 Additional preservation methods No
Snap freezing in liquid N2 No Biobank samples No

platelets basal and activated / Human / Cells

Storage and collection conditions Available Storage temperature -80 °C
Provided preanalytical information Time to freeze (min), Storage

time (month)
Storage time (month) 0

Temperature handling original
sample

Room temperature Additives None

Instant sample preparation Yes Were samples stored under inert
gas?

No

Time to freeze (min) 60 Additional preservation methods No
Snap freezing in liquid N2 No Biobank samples No
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Lipid Class Descriptions

1) CL[M-H]- / Lipid identification

Lipid class CL Did you presume assumptions for
identification?

No

MS Level for identification MS1 Check on: Isomeric overlap
Identification level Species level Limit of detection No
Polarity mode Negative Additional dimension/techniques -
Type of negative (precursor)ion [M-H]- Lipid Identification Software LipidXplorer
Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass

correction
MS1 verified by standard Yes Nomenclature for intact lipid

molecule
Yes

Background check at MS1 Yes Further identification remarks -

1) CL[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS1 Normalization to reference No
Internal lipid standard(s) MS1

Internal standard Endogenous subclass
PG 15:0-18:1 (d7) CL XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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2) DG[M+NH4]+ / Lipid identification

Lipid class DG Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Positive Limit of detection No
Type of positive (precursor)ion [M+NH4]+ Additional dimension/techniques -
Fragments for identification

Fragment name
-FA1(-H)-(H2O+NH3)
-FA2(-H)-(H2O+NH3)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

2) DG[M+NH4]+ / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

DG 15:0-18:1 (d7) -FA1(-H)-
(H2O+NH3);
-FA2(-H)-
(H2O+NH3)

DG XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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3) LPA[M-H]- / Lipid identification

Lipid class LPA Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1 (+O)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

3) LPA[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

LPE 18:1 (d7) FA1 (+O) LPA XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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4) LPC[M+CH3COO]- / Lipid identification

Lipid class LPC Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M+CH3COO]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1 (+O)
-(CH3+CH3COO)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

4) LPC[M+CH3COO]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

LPC 18:1 (d7) FA1 (+O) LPC XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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5) LPE[M-H]- / Lipid identification

Lipid class LPE Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1 (+O)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

5) LPE[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

LPE 18:1 (d7) FA1 (+O) LPE XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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6) LPG[M-H]- / Lipid identification

Lipid class LPG Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1 (+O)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

6) LPG[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

LPE 18:1 (d7) FA1 (+O) LPG XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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7) LPI[M-H]- / Lipid identification

Lipid class LPI Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1 (+O)
HG(PI,241)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

7) LPI[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

LPE 18:1 (d7) FA1 (+O) LPI XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes

20



8) LPS[M-H]- / Lipid identification

Lipid class LPS Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1 (+O)
-(C3H5NO2,87)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

8) LPS[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

LPE 18:1 (d7) FA1 (+O) LPS XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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9) PA[M-H]- / Lipid identification

Lipid class PA Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1(+O)
FA2(+O)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

9) PA[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PA 15:0-18:1 (d7) FA1(+O); FA2(+O) PA XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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10) PC[M+CH3COO]- / Lipid identification

Lipid class PC Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M+CH3COO]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1(+O)
FA2(+O)
-(CH3+CH3COO)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

10) PC[M+CH3COO]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PC 15:0-18:1 (d7) FA1(+O); FA2(+O) PC XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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11) PC O[M+CH3COO]- / Lipid identification

Lipid class PC O Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M+CH3COO]- Additional dimension/techniques -
Fragments for identification

Fragment name
-FA2(-H)
FA2(+O)
-(CH3+CH3COO)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

11) PC O[M+CH3COO]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PC 15:0/18:1 (d7) FA1(+O); FA2(+O) PC O-XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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12) PE[M-H]- / Lipid identification

Lipid class PE Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1(+O)
FA2(+O)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

12) PE[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PE 15:0-18:1 (d7) FA1(+O); FA2(+O) PE XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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13) PE O[M-H]- / Lipid identification

Lipid class PE O Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
-FA2(-H)
FA2(+O)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

13) PE O[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PE 15:0/18:1 (d7) FA1(+O); FA2(+O) PE O-XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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14) PG[M-H]- / Lipid identification

Lipid class PG Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1(+O)
FA2(+O)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

14) PG[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PG 15:0-18:1 (d7) FA1(+O); FA2(+O) PG XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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15) PI[M-H]- / Lipid identification

Lipid class PI Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1(+O)
FA2(+O)
HG(PI,241)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

15) PI[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PI 15:0-18:1 (d7) FA1(+O); FA2(+O) PI XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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16) PS[M-H]- / Lipid identification

Lipid class PS Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Negative Limit of detection No
Type of negative (precursor)ion [M-H]- Additional dimension/techniques -
Fragments for identification

Fragment name
FA1(+O)
FA2(+O)
-(C3H5NO2,87)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

16) PS[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS2 Normalization to reference No
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

PS 15:0-18:1 (d7) FA1(+O); FA2(+O) PS XX:X_XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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17) TG[M+NH4]+ / Lipid identification

Lipid class TG Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Positive Limit of detection No
Type of positive (precursor)ion [M+NH4]+ Additional dimension/techniques -
Fragments for identification

Fragment name
-FA1(+HO)-(NH3)
-FA2(+HO)-(NH3)
-FA3(+HO)-(NH3)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

17) TG[M+NH4]+ / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS1 Normalization to reference No
Internal lipid standard(s) MS1

Internal standard Endogenous subclass
TG 15:0-18:1(d7)-15:0 TG XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes

18) LCL[M-H]- / Lipid identification

Lipid class LCL Did you presume assumptions for
identification?

No

MS Level for identification MS1 Check on: Isomeric overlap
Identification level Species level Limit of detection No
Polarity mode Negative Additional dimension/techniques -
Type of negative (precursor)ion [M-H]- Lipid Identification Software LipidXplorer
Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass

correction
MS1 verified by standard Yes Nomenclature for intact lipid

molecule
Yes

Background check at MS1 Yes Further identification remarks -
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18) LCL[M-H]- / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS1 Normalization to reference No
Internal lipid standard(s) MS1

Internal standard Endogenous subclass
PG 15:0-18:1 (d7) LCL XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes

19) CAR[M+H]+ / Lipid identification

Lipid class CAR Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Positive Limit of detection No
Type of positive (precursor)ion [M+H]+ Additional dimension/techniques -
Fragments for identification

Fragment name
(C4H5O2,85)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

19) CAR[M+H]+ / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS1 Normalization to reference No
Internal lipid standard(s) MS1

Internal standard Endogenous subclass
LPC 18:1 (d7) CAR XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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20) ST[M+NH4]+ / Lipid identi ication

Lipid class ST Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Positive Limit of detection No
Type of positive (precursor)ion [M+NH4]+ Additional dimension/techniques -
Fragments for identification

Fragment name
-(ST,35)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

20) ST[M+NH4]+ / Lipid quanti ication

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS1 Normalization to reference No
Internal lipid standard(s) MS1

Internal standard Endogenous subclass
ST 27:1;O (d7) ST 27:1;O

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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21) SE[M+NH4]+ / Lipid identi ication

Lipid class SE Background check at MS2 Yes
MS Level for identification MS1, MS2 Did you presume assumptions for

identification?
No

Identification level Molecular species level Check on: Isomeric overlap
Polarity mode Positive Limit of detection No
Type of positive (precursor)ion [M+NH4]+ Additional dimension/techniques -
Fragments for identification

Fragment name
-FA(+HO)-(ST,35)

Lipid Identification Software LipidXplorer

Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass
correction

Isotope correction at MS2 Type 2 Nomenclature for intact lipid
molecule

Yes

MS1 verified by standard Yes Nomenclature for fragment ions Yes
MS2 verified by standard Yes Further identification remarks -
Background check at MS1 Yes

21) CE[M+NH4]+ / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS1 Normalization to reference No
Internal lipid standard(s) MS1

Internal standard Endogenous subclass
SE 27:1/18:1 (d7) SE 27:1/XX:X

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes

22) SM[M+H]+ / Lipid identification

Lipid class SM Did you presume assumptions for
identification?

No

MS Level for identification MS1 Check on: Isomeric overlap
Identification level Species level Limit of detection No
Polarity mode Positive Additional dimension/techniques -
Type of positive (precursor)ion [M+H]+ Lipid Identification Software LipidXplorer
Isotope correction at MS1 Type 2 Data manipulation Centroiding, Lock mass

correction
MS1 verified by standard Yes Nomenclature for intact lipid

molecule
Yes

Background check at MS1 Yes Further identification remarks -
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22) SM[M+H]+ / Lipid quantification

Quantitative Yes Limit of quantification Signal theshold
MS Level for quantification MS1 Normalization to reference No
Internal lipid standard(s) MS1

Internal standard Endogenous subclass
SM 18:1;O2/18:1 (d9) SM XX:X;O2

Lipid Quantification Software LipidXplorer

Type of quantification Internal standard amount Batch correction No
Response correction No Further quantification remarks -
Type I isotope correction Yes
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Separation Workflow

Overall study design

Title of the study Altered platelet lipidome in bleeding patients with unexplained platelet function defects
Document creation date 06/03/2025 Corresponding Email robert.ahrends@univie.ac.at
Principal investigator Robert Ahrends Is the workflow targeted or

untargeted?
Targeted

Institution University of Vienna, Faculty
of Chemistry, Institute of
Analytical Chemistry

Clinical Yes

Lipid extraction

Extraction method 2-phase system Were internal standards used? Yes
pH adjustment None Internal standards used CAR 12:0-d9 (Sigma 870326P)

2-phase system Bligh&Dyer

Analytical platform

Ionizaton additives Ammonium formate Ion source ESI
Number of separation dimensions One dimension MS Level MS2

Separation type 1 LC Mass window for precursor ion
isolation (in Da total isolation
window)

unit

Separation mode 1 (liquid) RP Mass resolution for detected ion at
MS2

Low resolution

Detector Mass spectrometer Resolution at MS2 Low
MS type QTrap

MS vendor SCIEX
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Quality control

Blanks Yes Quality control Yes
Type of Blanks Extraction blank, Solvent

blank, Internal standard blank
Type of QC sample Sample pool

Method qualification and validation

Method validation Yes Precision No
Lipid recovery Yes Accuracy No
Dynamic quantification range Yes Guidelines followed None
Limit of quantitation (LOQ)/Limit
of detection (LOD)

Yes

Reporting

Are reported raw data uploaded
into repository?

No Raw data upload Available on request

Are metadata available? No

Sample Descriptions

Plasma / Human / Plasma

Storage and collection conditions Available Storage temperature -80 °C
Provided preanalytical information Time to freeze Additives None
Temperature handling original
sample

Room temperature Were samples stored under inert
gas?

No

Instant sample preparation No Additional preservation methods No
Time to freeze between 0 and 60 min Biobank samples Yes
Snap freezing in liquid N2 Yes
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Lipid Class Descriptions

1) CAR / Lipid identification

Lipid class CAR Check on: Isomeric overlap
MS Level for identification MS2 Limit of detection S/N ratio > 3
Identification level Molecular species level RT verified by standard Yes
Fragments for identification

Fragment name
CAR m/z 85

Separation of isobaric/isomeric
interferece confirmed

Yes

Isotope correction at MS2 No Model for separation prediction No
MS2 verified by standard Yes Lipid Identification Software Skyline
Background check at MS2 Yes Nomenclature for intact lipid

molecule
Yes

Did you presume assumptions for
identification?

No Nomenclature for fragment ions N/A

1) CAR / Lipid quantification

Quantitative Yes Type I isotope correction No
MS Level for quantification MS2 Limit of quantification S/N ratio > 10
Internal lipid standard(s) MS2

Internal standard Fragment(s) Endogenous
subclass

CAR 12:0-d9 CAR m/z 85 CAR XX:X

Normalization to reference No

Type of quantification Internal standard amount Lipid Quantification Software Skyline
Response correction No Batch correction No
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