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Abstract

Background: This study aimed to identify novel plasma proteins associated with first-lifetime venous
thromboembolism (VTE) and molecular pathways involved in VTE pathogenesis.

Methods: A case-cohort comprising incident VTE-cases (n=294) and a randomly sampled age- and sex-
weighted subcohort (n=1066) was derived from the Trgndelag Health Study (HUNT3, n=50800). Blood
samples were collected and stored at cohort inclusion (2006-2008), and participants were followed up
to five years. Proteome-wide analyses was performed using the 7k SomaScan® proteomics platform,
and weighted Cox-regression models adjusted for age, sex and sample batch were conducted, with the
Bonferroni method applied to account for multiple testing. Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analyses were applied on the top-ranked 200 proteins associated with VTE.

Results: Out of 7288 human proteins, seven proteins were significantly associated with higher VTE risk
with p-value <6.9x10°® (hazard ratios per 1 standard deviation increase in protein levels ranging from
1.39 to 1.86). Except for Coagulation factor VIII and Tumor necrosis factor soluble receptor I, these
proteins were novel associations and included Collagen alpha-3(VI1):BPTI/Kunitz inhibitor, Histo-blood
group ABO system transferase, Peroxidasin, Human epididymis protein 4 and Regulator of G Protein
Signaling 3. KEGG analyses of the top-ranked 200 proteins revealed significant pathway enrichment of
nine proteins in the complement (mainly lectin pathway) and coagulation (mainly intrinsic pathway)
cascades.

Conclusions: Our proteome-wide analysis led to novel discovered of five protein candidates associated
with five-year risk of future VTE. KEGG analyses supported an interplay between the complement and

coagulation pathways in the pathogenesis of VTE.
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Introduction

Venous thromboembolism (VTE) is a frequent and potentially life-threatening disease, affecting more
than 1 in 12 individuals during their lifetime.>? The disease burden of VTE is substantial due to a high
frequency of severe complications,* as well as high recurrence- and mortality rates.®” Around 40% of

9 and the pathophysiological

all VTE events occur in the absence of known provoking factors,®?!
mechanisms and molecular pathways involved in initiation of venous thrombus formation are not
completely understood . Hence, there is a need to discover novel predictive biomarkers and
molecular mechanisms of VTE to improve risk prediction and pursue targeted prevention and
treatment to reduce the individual suffering and socioeconomic burden of VTE in society.!?

A systematic profiling of the plasma proteome can provide new insight into molecular
pathways involved in the pathogenesis of VTE and reveal potential predictive biomarkers or drug
targets. Three previous studies have applied proteomic-techniques for the detection of blood
biomarkers for first-lifetime VTE, but these studies were restricted to a limited number of proteins,*>

1415 or blood samples collected after the VTE.!* Proteomic techniques

15 a low number of participants,
have evolved rapidly during recent years, currently facilitating high quality measurements of
thousands of proteins from small sample volumes. The SomaScan® aptamer-based proteomics
platform currently enables measurement of >7000 proteins in plasma.'® As the previous proteomic
studies on VTE were restricted to up to 500 proteins, a larger proteome-wide discovery has the
potential to identify new biomarkers of VTE risk. In a population-based case-cohort study, we decided
to apply an unsupervised approach by using aptamer-based proteomics on blood samples collected at
cohort inclusion (i.e., before VTE), with the aims to (i) identify plasma proteins associated with 5-year

risk of future VTE, and (ii) assess potential pathways involved in the pathogenesis of VTE by performing

pathway enrichment analyses.



Methods

Study population — the HUNT3 Survey

The study population was recruited from the third survey of the Trgndelag Health study (HUNT), a
population-based cohort of inhabitants of the (former) Nord-Trgndelag county.'” The third survey was
conducted in 2006-2008, and all inhabitants aged 20 years or older were invited. In total, 50800
individuals participated (54% of those invited). All participants provided written informed consent.
Each participant was followed for up to five years from the inclusion date, and all first-lifetime VTE

events occurring among the participants during the study period were recorded.

Baseline measurements in HUNT3
Baseline information was collected at inclusion in the HUNT3 survey by physical examination, blood
samples and validated self-administered questionnaires. Non-fasting blood samples were collected
into 10 ml vacutainer tubes (Becton, Dickinson, NJ) containing EDTA as anticoagulant. The tubes were
preserved at 4 °C immediately after sampling, but not centrifuged until the samples arrived the
biobank. The collected samples were temperature-monitored at the screening sites and during the
transport to HUNT biobank in the evening. Next morning, EDTA samples were centrifuged at 2500g for
15 minutes at 6 °C, before fractionation and dispersion into 2D Matrix tubes (Matrix™ 2D,
ThermoFisher, USA). Fractionation was performed below 10 °C using the RTS Blood Fractionation
System (RTS Life Science, Manchester, UK). Aliquots of EDTA plasma were immediately frozen at —80
°C and stored in the HUNT biobank. A detailed description of the data collection at HUNT3 and storage
in the HUNT biobank can be found in the Data Resource Profile publication.!® The HUNT biobank is
certified according to the ISO standard 9001.

Body mass index was calculated in kg/m? based on height and weight measured at the physical
examination (participants wearing light clothing and no shoes). Information on daily smoking (yes/no),
history of cardiovascular disease (CVD; included angina, stroke and myocardial infarction) and history

of diabetes was obtained from the questionnaire. Renal function was assessed as estimated glomerular



filtration rate (eGFR) based on the Chronic Kidney Disease Epidemiology (CKD-EPI) collaboration

equations.?®

Outcome registration and validation of venous thromboembolism

All potential VTE cases during follow-up were identified by searching the hospital discharge diagnosis
registry and autopsy registry at the hospitals covering the catchment area of the HUNT participants
(Levanger hospital, Namsos hospital, and St. Olavs hospital) using a broad search with relevant
International Classification of Diseases revision 10 (ICD-10) codes (126.0, 126.9, 167.6, 180.0-180.3, 180.8,
180.9, 181, 182.0-182.9, 022.3, 022.5, 087.1, 087.3) in the years 2006-2019. The medical record of each
potential VTE case was thoroughly reviewed, and VTE events were adjudicated and recorded when
signs and symptoms of lower extremity DVT or PE were objectively confirmed by radiological
procedures (ultrasound, venography, computed tomography pulmonary angiography [CTPA],
ventilation-perfusion scan) or autopsy. Cases of concomitantly confirmed DVT and PE were classified
as PE. Information on clinical risk factors and potential provoking factors in the three months preceding

the event was extracted from the medical records using a standardized form.

Study design

This project was named the PRoteomic profiling and Etiological understanding of VENous
Thromboembolism (PREVENT). As depicted in Figure 1, we used a case-cohort design which included
all incident VTE cases during the five first years of follow up, and a randomly sampled age- and sex-
weighted subcohort of individuals from the HUNT3 cohort (source cohort, n= 50800). Due to a
concomitant collaboration with a project on abdominal aortic aneurism (AAA), which would use the
same subcohort, 100 participants with prevalent AAA before baseline inclusion were excluded from
the source cohort. In addition, participants with a history of VTE (n=622) or cancer (n=1908) prior to
baseline inclusion in HUNT3, as well as participants who did not have plasma samples available

(n=1657), were excluded. Participants with VTE, AAA and cancer before inclusion in HUNT3 were



identified by relevant ICD-10 codes (Supplementary table 1) derived from the hospital discharge
registries at the three Nord-Trgndelag hospitals in the period 1999-2008.

Among the 46513 source cohort members eligible for our study, 294 had an incident VTE
during the first five years of follow-up. We included all VTE cases, and a subcohort (n=1085) randomly
sampled from the source cohort based on the sex- and age-distribution of the VTE cases in 5-year age
groups. Due to the sampling nature of the subcohort, 8 VTE cases were also included in the subcohort.
In total, 19 subcohort samples did not pass all the quality steps before the proteomics measurements,

and the final subcohort population therefore consisted of 1066 individuals.

Proteomics measurements

In 2022, samples from the cases and subcohort participants were retrieved from the HUNT biobank,
thawed, aliquoted, and shipped frozen on dry ice to Somalogic Inc. (Boulder Colorado, USA) for
analysis. The SomaScan® 7k aptamer-based platform was used for protein quantification.?’ Each
SOMAmer® has a high affinity towards a specific protein, and is synthesized with a fluorophore,
photocleavable linker and biotin.'® Plasma and streptavidin bead-coupled aptamers were incubated
together, and after multiple washing steps to eliminate unbound aptamers and proteins, the bead-
bound proteins were biotinylated and photocleaved off the bead, releasing aptamer-protein
complexes back into solution. Biotinylated proteins were recaptured on new streptavidin beads, and
the aptamers were eluted from the proteins. Fluorophores were measured following hybridization to
custom arrays of aptamer complementary oligonucleotides, and the resulting raw intensities were
reported in relative fluorescence units. Reference samples included on each plate were used to process
the raw intensities by hybridization normalization, median signal normalization, plate-scale

normalization and inter-plate calibration following Somalogic normalization procedures.

Statistical analyses — proteome wide association with VTE



Data processing and statistical analyses were carried out using R (version 4.1.3, R Core Team, 2022)
and the ‘SomaDatalO’ package.?* Each protein measurement derived from the SomaScan® data was
log, transformed and standardized to a mean of zero and a standard deviation (SD) of 1. Person-time
of follow-up was calculated from the date of inclusion in HUNT3 to the date of an incident VTE,
migration, death or end of follow-up (i.e., five years after inclusion date), whichever came first. For
proteome-wide analyses, weighted Cox proportional hazards regression models adjusted for age, sex
and sample batch were used to test for associations between each protein and VTE (one model per
protein) using the ‘cchs’ (Cox model for case-cohort data with stratified subcohort-selection) package
in R.22 The hazard ratios (HRs) per one SD increase in hormalized protein values were presented in a
volcano plot. The Bonferroni method was applied to account for multiple testing, yielding a significance
threshold of p<6.9x10° (0.05/7288) for the proteome-wide analyses. For the proteins that reached
statistical significance, HRs of VTE per one SD increase in normalized protein values were additionally
estimated after adjustment for BMI (Model 2: age, sex, sample batch and BMI) and eGFR (Model 3:
age, sex, sample batch and eGFR), respectively.

To further explore pathways involved in the pathogenesis of VTE, we performed Kyoto
encyclopedia of Genes and Genomes (KEGG) analysis,® using the application

http://bioinformatics.sdstate.edu/go/. We included the top-ranked 200 proteins associated with VTE,

ranked by the lowest p-value in the proteome-wide analyses. The analysis was restricted to human
pathways with a minimum of five proteins, and a false discovery rate (FDR)<0.05 was considered

significant.

Results

Characteristics of the study population
The mean age of the cases and subcohort members was 66 and 64 years, and the proportion of women
was 51% and 45%, respectively (Table 1). The mean BMI was 28.4 kg/m? among cases and 27.6 kg/m?

in the subcohort, while the proportion of individuals with a history of arterial cardiovascular disease
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was 7% in cases and 6% in the subcohort. Among the VTE cases, 38% were DVTs while 62% were PEs,

and 39% were unprovoked. In total, 19% of the VTEs were related to active cancer.

Proteome-wide analyses
Among 7288 human proteins measured, proteome-wide analyses identified seven proteins that were
significantly associated with higher VTE risk with a p-value <6.9x10° (Figure 2). These were Coagulation
factor VIII (FVIIl), Regulator Of G Protein Signaling 3 (RGS3), Collagen alpha-3(VI1):BPTI/Kunitz inhibitor,
Histo-blood group ABO system transferase (BGAT), Peroxidasin (PXDN), Tumor necrosis factor soluble
receptor Il (TNF sR-Il) and Human epididymis protein 4 (HE4). The HRs with 95% confidence intervals
per 1 SD in log,-transformed protein levels are presented in Table 2. The strongest association with
VTE was observed for FVIII (HR per SD: 1.86, 95% C 1.59-2.18), while HRs for the other proteins were
within the range of 1.39-1.44 (Table 2). Further adjustments for BMI (Model 2) and eGFR (Model 3)
had negligible impact on the results.

An overview of the top-ranked 200 proteins associated with VTE in our study (ranked by p-
value in ascending order) is presented in Supplementary table 2. Among these proteins, 54 were
associated with lower risk of VTE (HR<1), while 146 were associated with higher risk of VTE (HR>1),

and the p-value cut-off for the top-ranked 200 proteins was p<0.0062.

Pathway enrichment analyses

Among the top-ranked 200 proteins associated with VTE, we identified four KEGG pathways displaying
over-representation of proteins (genes) (Table 3). Of these pathways, the complement and coagulation
cascade pathways showed the largest fold enrichment, with 9 genes contributing to a 14-fold pathway
enrichment (FDR for enrichment: 3.3x10°®). These genes were: F9, VWF, C4BPA, F10, MASP1, VSIG4,
MBL2, F8 and CD55 (corresponding to the proteins: Coagulation factor IX, von Willebrand factor,
Complement component 4 binding protein alpha, Coagulation factor X, Mannan-binding lectin serine

protease 1, Complement receptor of immunoglobulin superfamily, Mannose-binding lectin,



Coagulation factor FVIIl, and Complement decay-accelerating factor). The KEGG diagram of the
complement and the coagulation cascades, highlighting the proteins that were enriched in those who
developed VTE, compared to the subcohort, is presented in Figure 3. Of note, the enriched proteins
were mainly located in the intrinsic pathway of the coagulation system and the lectin pathway of the

complement system (Figure 3).

Discussion

Among 7288 proteins measured, seven were significantly associated with five-year risk of VTE after
Bonferroni correction for multiple testing. Of these, FVIII is a well-established risk factor for VTE**?°
and tumor necrosis factor receptor 2 (TNFR2) was found in one previous proteomics study on VTE,*3
whereas the other five protein candidates were considered novel discoveries with a potential role in
thrombogenesis. KEGG pathway analyses of the top-ranked 200 proteins showed significant
enrichment of proteins in the complement and coagulation cascades in relation to VTE, and the
enriched proteins were mainly located in the intrinsic pathway of the coagulation system and the lectin
pathway of the complement system. Our findings reinforce the involvement of the complement
system in the pathogenesis of VTE and provide new information on protein candidates that may have
the potential to be utilized as predictive biomarkers or targets for intervention.

Only a few previous studies have applied proteomics-techniques to identify proteins
associated with first-lifetime VTE in a population-based setting.’3*® In a discovery study of 88 VTE cases
and 85 controls, targeting 408 candidate proteins, significant associations were found for platelet-
derived growth factor B (PDGFB) and von Willebrand Factor (VWF), which remained after replication
in 580 cases and 589 controls.'* Of note, the blood samples were collected after the VTE event,
entailing a potential risk of reverse causation.* In a nested case-control study of 80 VTE patients and
88 controls, with blood samples collected at cohort inclusion (i.e., before VTE), 501 proteins were

measured using an untargeted mass-spectrometry approach.’ Of these, 46 proteins were associated



with VTE at p-values below 0.05,'> and some of these proteins were further evaluated in a larger study
using enzyme immunoassays (EIAs) for protein assessment.3%3! In a cohort of 11803 participants, with
353 VTE cases during a median of 6.6 years of follow-up, 257 proteins were measured using the Olink
platform.!® At an FDR<0.1, 21 proteins were significantly associated with VTE.2* Of note, only one of
the protein candidates from the previous studies (i.e., TNFR2 1), overlapped with the seven top-ranked
proteins in our study. The low degree of overlap with previous studies can be explained by several
factors. First, a much larger number of proteins was assessed in our study than in previous studies (i.e.,
7000 vs. 500). Second, use of the Bonferroni threshold, which is more conservative than the FDR when
adjusting for multiple testing, limited the number of significant proteins to those with a very low p-
value (p<0.0000069). Third, differences in specificity and targets between different proteomic
platforms could lead to differences in protein detection. For some proteins, the SomaScan® technology
may have limited specificity, as a single aptamer may not be sensitive for changes in protein structure
(e.g., posttranslational modifications, genetic polymorphisms or degradation). Low specificity that
influence protein quantification will lead to dilution of the results (i.e., underestimation of hazard
ratios) and thereby potentially missed associations.3? Of note, the SomaScan® measurements showed
poor agreement with some of the standard laboratory measurements for VTE biomarkers, such as D-
dimer and fibrinogen,® which explains why these markers were not associated with VTE in our study.
Even though low specificity for certain proteins may lead to missed associations, it is not regarded as
a major concern for untargeted discovery of novel protein associations in large screening studies (such
as ours), as the aptamers in general are considered to measure their target proteins robustly and
accurately based on verification from genetic associations3#*® or mass-spectrometry.?

The number one top-ranked protein associated with VTE in our study was FVIII, which has a
known procoagulant function and is an established risk factor for VTE.?*?° This finding serves as a
valuable confirmation and positive control for the case-cohort approach and sample storage in HUNT,
although it does not verify the accuracy of all aptamers. To our knowledge, our study is the first to

show an association between increased endogenous levels of collagen alpha-3(VI):BPTI/Kunitz
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inhibitor and risk of future VTE. Of note, the drug aprotinin, a small bovine pancreatic trypsin inhibitor
(BPTI), is a broad acting serine protease inhibitor that has been used to prevent bleeding during major
surgery.®® In vitro studies have suggested that aprotinin has antifibrinolytic effect by inhibition of
plasmin and anticoagulant effect by inhibition of kallikrein.*® Although the Kunitz-type domain from
the alpha-3 chain of human type IV collagen could be expected to have similar function as aprotinin,
the net hemostatic balance by endogenous levels of this protein in vivo has not been previously
addressed.

Interestingly, we found an association between elevated BGAT levels and VTE. BGAT refers to
the A- and B-glycosyltransferases, which catalyze the addition N-Acetylgalactosamin (A antigen) and
D-Galactose (B antigen) to the H-antigen in individuals with blood type A or B. Individuals with blood
type O lack BGAT.?” Numerous studies have reported on the association between ABO blood type and
VTE,*¥%% and the risk further varies with ABO haplotypes.3 The carbohydrate structures that comprise
the ABO blood group system (A, B and H antigens) are expressed on a wide range of different cell types,

4142 3nd affect the quantity and function of several proteins

including platelets and endothelial cells,
(ABO-related proteins) involved in hemostasis, including von Willebrand factor (VWF) and FVIII,*® and
inflammatory pathways.** Although the main hypothesis is that the increased VTE risk observed in
individuals with non-O blood types is mediated through glycosylation by BGAT with subsequent altered
function and quantity of proteins implicated in the pathogenesis of VTE,*® further investigations are
needed to disentangle the role of ABO haplotypes, BGAT levels and ABO-related proteins in VTE.

One previous study has reported an association between TNFR2 and VTE.*®* TNFR2 is expressed
on hematopoietic cells and endothelial cells, and the prothrombotic effects of TNF-a have been shown
to require TNFR2.% It has been suggested that circulating soluble TNF receptors may act as both
antagonist (competing with cell-surface receptors) and agonist (protecting TNF-a from degradation)
of TNF-a activity, and that the biological activity may vary with plasma concentration.*’ Elevated levels

48-50

of TNF sR-1l are found in patients with cancer, HIV and autoimmune diseases, which are all

conditions associated with increased risk of VTE.>>*2 HE4, also known as WAP four-disulfide core
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domain protein 2, is upregulated in many cancer types® and is currently used as a diagnostic biomarker
of ovarian cancer. In a study of 208 patients with epithelial ovarian cancer, median HE4 levels were
somewhat higher (793 vs. 628 pmol/L) in patients who developed VTE (n=31), but the difference was
not statistically significant.>® HE4 has also been associated with incident cardiovascular disease,* as
well as severity and prognosis of heart failure.>®

The proteins RGS3, and PXDN were also associated with VTE with p-values below the
Bonferroni threshold, but to our knowledge, the role of these proteins in thrombosis and hemostasis
has not been investigated. RGS3 is a GTPase-activating protein that inhibits G-protein-mediated signal
transduction. In an experimental study, ectopic expression of R4 subfamily members, including RSG3,
was associated with marked attenuation of protease-activated receptor-1 (PAR1) signaling (which is
the predominant mediator of thrombin signaling in most cell types.®” PXDN (also known as vascular
peroxidase 1) is a heme peroxidase which serves as a key enzyme for cross-linking collagen IV during
basement membrane formation °8. Furthermore, the protein is proposed to be involved in host
defense and innate immunity, endothelial dysfunction and oxidative stress.>®

The KEGG pathway analysis revealed enrichment of proteins in the coagulation system (F8, F9,
F10 and vWF) and the complement system (C4BPA, MASP1, VSIG4, MBL2, and CD55). In vitro and
animal model studies support a role of the intrinsic coagulation system in venous thrombus
formation.> Furthermore, growing evidence suggests that the innate immune system is involved in
the pathogenesis of thrombosis® and that there are several points of crosstalk between the
complement and coagulation system.®! During the recent years, population-based studies have
reported an association between several individual components of the complement system and risk
of future VTE, including complement components C3 and C5,%%% MBL,** MASP-2,% and the terminal
complement complex (TCC).%® Interestingly, increasing levels of C1 inhibitor, a serine protease that
inhibits both the classical- and the lectin pathway of complement, was associated with lower risk of
VTE3! and inhibited ex vivo thrombin generation triggered by the intrinsic coagulation system.3!

Furthermore, C1 inhibitor deficient mice had increased venous thrombus formation compared to wild
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type mice.®” Our findings of protein enrichment particularly in the intrinsic coagulation cascade and
the lectin pathway of the complement system further reinforce the hypothesis of an interplay between
these two pathways in the pathogenesis of VTE.

Due to our discovery framework, our results on candidate biomarkers cannot be directly
implemented into clinical practice. Validation of our findings in an external cohort, preferably with
guantitative techniques to measure proteins (e.g. ELISA), will be an important next step to verify our
results. In addition, Mendelian Randomization analyses can be applied to assess whether protein
candidates are likely to be causally involved in the pathogenesis of VTE or rather markers of disease
risk.%® Finally, the clinical utility of the protein candidates for VTE risk stratification, individually or
added to already established risk assessment models for VTE, should be explored in studies using an
appropriate prediction modelling framework.

Strengths of the current study include recruitment of participants from a population-based
cohort with high-quality blood samples and thorough detection and validation of VTE events,
clinically relevant follow-up time for risk assessment (5 years), the large number of proteins
screened, and the clear temporal sequence between exposure (protein measurements) and outcome
(VTE). As described above, a limitation related to the SomaScan® technology is the potential lack of
specificity for some proteins. Even though this is considered a larger concern in hypothesis driven
research than in untargeted approaches like ours, it may lead to missed discoveries in large screening
studies. Although we applied the strict Bonferroni threshold to correct for multiple testing, chance
findings cannot be ruled out.

In conclusion, our proteome-wide screening of more than 7000 proteins in plasma led to novel
discovery of five proteins (Collagen alpha-3(VI):BPTI/Kunitz inhibitor, RGS3, BGAT, PXDN and HE4)
associated with 5-year risk of future VTE (significant at the Bonferroni threshold). Furthermore,
pathway analyses of the top-ranked 200 proteins revealed significant enrichment of nine proteins in
the complement and coagulation cascades, further reinforcing the hypothesis of an interplay between

these pathways in the pathogenesis of VTE.
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Table 1. Baseline characteristics of the study population.

Subcohort Incident VTE cases

(n=1066) (n=294)
Baseline characteristics
Age (years) 64 £13 66 £ 15
Sex (% women) 475 (45%) 151 (51%)
Body mass index (kg/m?) 27.6+4.1 28.4+4.6
History of CVD (%)* 59 (6%) 20 (7%)
Diabetes (%) 68 (6%) 11 (4%)
Smoking (%)** 181 (17%) 52 (18%)
eGFR (ml/min/1.73m?)*** 88 (+18) 84 (£ 20)
VTE characteristics
Deep vein thrombosis (%) NA 113 (38%)
Pulmonary embolism (%) NA 181 (62%)
Cancer-related VTE (%) NA 56 (19%)
Unprovoked VTE (%) NA 115 (39%)

Values are means + standard deviations, or numbers with percentages in brackets

*CVD: cardiovascular disease (history of myocardial infarction, stroke or angina pectoris)
**Daily smokers

***Estimated glomerular filtration rate based on EPI-CKD equation



Table 2. Hazard ratios (HR) of VTE with 95% confidence interval (Cl) per one standard deviation increase in log2-transformed protein values for each of the
seven proteins that were significantly associated with VTE at Bonferroni level (p<6.9x10°).

Protein name Entrez UniProt Model 1 P-value Model 2 Model 3
gene symbol HR (95% CI) discovery* HR (95% ClI) HR (95% Cl)

Coagulation factor VIII (FVIII) F8 P00451 1.86 (1.59-2.18) 1.6x10"*  1.84 (1.57-2.16) 1.82 (1.55-2.13)
Regulator Of G Protein Signaling 3 (RGS3) RGS3 P49796 1.39(1.22-1.58) 3.0x107 1.37(1.20-1.56) 1.41(1.24-1.59)
Collagen alpha-3(VI):BPTI/Kunitz inhibitor COL6A3 P12111 1.40 (1.23-1.60) 7.9x107 1.37(1.19-1.58) 1.37 (1.17-1.61)
Histo-blood group ABO system transferase (BGAT) ABO P16442 1.40 (1.22-1.61) 2.1x10°% 1.40(1.22-1.61) 1.39(1.21-1.60)
Peroxidasin (PXDN) PXDN Q92626 1.40(1.22-1.62) 3.0x10° 1.37(1.18-1.59) 1.36(1.15-1.63)
Tumor necrosis factor soluble receptor Il (TNF sR-Il)  TNFRSF1B P20333 1.41 (1.21-1.63) 6.1x10° 1.37(1.18-1.60) 1.33(1.13-1.58)
Human epididymis protein 4 (HE4) WFDC2 Q14508 1.44 (1.23-1.69) 6.8x10°® 1.51(1.28-1.77) 1.36 (1.14-1.61)

Model 1: age, sex and sample batch
Model 2: Model 1+ body mass index (BMI)

Model 3: Model 1 + glomerular filtration rate (eGFR)

*p-value corresponding to Model 1 that was used for protein discovery
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Table 3: Results of Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analysis.

FDR Number of Pathway Fold Pathway Genes
p-value genes genes enrichment
3.3x10°® 9 84 14.04 Complement and coagulation cascades F9 VWF C4BPA F10 MASPL VSiG4 MBL2
F8 CD55
TNFRSF1IA ANGPT2 EFNA2 MAP2K2
-2 . .
2.3x10 9 294 4.01 MAPK signaling pathway EPHA2 KIT CACNA2D3 ILIRAP EFNA4
TNFRSF1B RELT TNFRSF1A LIFR TNFRSF19
_2 . _ . . .
2.3x10 9 294 4.01 Cytokine-cytokine receptor interaction MSTN CCL19 LEP ILIRAP
2.3 x10? 10 354 3.70 PI3K-Akt signaling pathway ANGPT2 EFNAZ VWF FN1 SPP1 MAP2K2

EPHA2 KIT COL6A3 EFNA4

*FDR: False discovery rate
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Figure 1. Overview of study design for the PRoteomic profiling and Etiological understanding of
VENous Thromboembolism (PREVENT) project. We performed a case-cohort including all VTE cases
(n=294) occurring during the first five years of follow-up after the survey of the Trgndelag Health Study
(HUNT3) and a randomly sampled age- and sex-weighted subcohort (n=1066). In total 7288 proteins

were measured in blood samples collected at cohort inclusion. Figure created with BioRender.com.
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Figure 2. Volcano plot of 7288 plasma proteins and their association with VTE in the case-cohort. The

age, sex and sample batch-adjusted hazard ratio (HR) for venous thromboembolism (VTE) is plotted

against -logl0(p-value). Seven proteins (red dots) were associated with VTE at Bonferroni level

(p<6.9x10-6) and are indicated by their protein names. BGAT: Histo-blood group ABO system

transferase; HE4: Human epididymis protein 4; RGS3: Regulator of G Protein Signaling 3; TNF sR-II:

Tumor necrosis factor soluble receptor II.
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Figure 3. Depiction of the complement and coagulation cascade from the Kyoto Encyclopedia of Genes and Genomes (KEGG) database. Significant pathway

enrichment of nine proteins associated with in venous thromboembolism are indicated in red.
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