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Supplementary Notes 

Supplementary Note 1: Cohort details 

INTERVAL. The INTERVAL study1 is a prospective cohort study of blood donors. Volunteers 
were recruited and consented between 2012 and 2014 from 25 NHSBT (National Health 
Service Blood and Transplant) static donor centres across England. The INTERVAL study 
was approved by the Cambridge (East) Research Ethics Committee. A subset of 4,896 
participants from INTERVAL with Olink inflammation panel data contributed to the present 
study. 2,907 were male and 1,989 female. These participants had an age range between 49 
and 78 years (median 61, IQR=55-66). A complete list of the investigators and contributors to 
the INTERVAL trial is provided in reference2. 

Stabilization of Atherosclerotic Plaque by Initiation of Darapladib Therapy Trial 
(STABILITY). STABILITY is a randomized, controlled trial conducted in 15,828 patients with 
chronic coronary heart disease (CHD) comparing darapladib or placebo, in addition to 
standard of care (https://clinicaltrials.gov/ct2/show/NCT00799903)3. Data from 2,951 
individuals with Olink inflammation panel and genotyping data contributed to this pQTL study. 
All participants gave written informed consent to the biomarker and genetic sub-studies and 
the study was approved by the National Ethics Committees in the participating countries. 

Biomarkers For Identifying Neurodegenerative Disorders Early and Reliably 
(BioFINDER). The BioFINDER study4 is run by the Clinical Memory Research Unit and The 
Biomedical center, at Lund University, Sweden. Participants were recruited from the Memory 
and Neurology clinics at Skåne University Hospital and the Memory Clinic at Ängelholm’s 
Hospital. Study participants comprised 1,496 individuals with mild cognitive symptoms, 
dementia or parkinsonian symptoms, and cognitively healthy elderly. The Ethics Committee 
of Lund University approved this study. All study participants gave written consent for 
participation in the study, which was performed in accordance with the Helsinki Declaration. 

Cooperative Health Research in the Region of Augsburg (KORA). KORA is a series of 
independent population-based studies from the general population living in the region of 
Augsburg, Southern Germany. The KORA F4 study was conducted from 2006-2008 as a 
follow-up study to KORA S4 (1999-2001)5. 1,064 participants from KORA F4 contributed data 
to this study. 
 
Orkney Complex Disease Study (ORCADES). The ORCADES is a family-based study in 
the isolated Scottish archipelago of Orkney, part of the Viking Genes studies (ed.ac.uk/viking). 
A total of 981 individuals with Olink inflammation panel data contributed to this pQTL study. 
All participants gave written informed consent and the study was approved by Research Ethics 
Committees in Orkney, Aberdeen (North of Scotland REC), and South East Scotland REC, 
NHS Lothian (reference: 12/SS/0151). 
 
Northern Sweden Population Health Study (NSPHS). NSPHS is a cross-sectional study 
conducted in the communities of Karesuando (samples gathered in 2006) and Soppero (2009) 
in the subarctic region of the County of Norrbotten, Sweden6. Ethical approval was given by 
the local ethics committee at the University of Uppsala (Regionala Etikprövningsnämnden, 
Uppsala, Dnr 2005:325) in compliance with the Declaration of Helsinki. All participants gave 



 

 

  

their written informed consent to the study. A total of 866 individuals with Olink inflammation 
panel data contributed to the present study. 

VIS. CROATIA-Vis is a family-based, cross-sectional study in the island of Vis, Croatia. 899 
participants with Olink Inflammation panel and genotyping data contributed to this pQTL study. 
All participants gave written informed consent and the study was approved by Research Ethics 
Committees in Croatia (Institutional Ethics Committee of the University of Split School of 
Medicine [protocol code 2181-198-03-04/10-11-0008] and Scotland). 

STANLEY (SWEBIC). The SWEBIC cohort comprises participants meeting the diagnostic 
criteria for Bipolar disorder as per the DSM-IV recruited at Swedish sites in affiliation with the 
Stanley Medical Research Institute. In total, SWEBIC contributed 644 samples (cohort A 
[swe6]: 300, cohort B [lahl]: 344) with Olink inflammation panel data to this pQTL study. Ethical 
approval for SWEBIC was granted by the Regional Ethical Review Board in Stockholm, 
Sweden (2008/2009-31/2). 

Estonian Biobank (EstBB). The EstBB cohort is a volunteer-based sample of the Estonian 
resident adult population (aged ≥ 18 years)7. A total of 487 participants contributed to this 
study. Ethical approval was given by the Estonian Committee on Bioethics and Human 
Research (1.1-12/624) and by the Research Ethics Committee of the University of Tartu 
(application number 262/T-3, October 2016), data extraction nr K29. 

RECOMBINE/EIRA. The RECOMBINE/EIRA biobank was generated from participants with 
active rheumatoid arthritis recruited between February 2011 and May 2013 at the Karolinska 
University Hospital, Stockholm, Sweden as part of the Epidemiologic Investigation of 
Rheumatoid Arthritis (EIRA) study8. The study was approved by the Ethical Review Board at 
Karolinska Institutet, Stockholm, Sweden (reference numbers 2007-0889-31, 2007-1443-32 
and 2015/1844-31/2). All participants gave written informed consent. At the time of 
recruitment, all participants were undergoing treatment initiation or escalation. 540 patients 
with Olink inflammation panel data contributed to this pQTL study. 

ARISTOTLE. The Apixaban for reduction in stroke and other ThromboemboLic events in atrial 
fibrillation (ARISTOTLE) trial was designed to investigate the safety and efficacy of the Factor 
Xa (FXa) inhibitor apixaban for secondary prevention of stroke in atrial fibrillation patients. Full 
details of the ARISTOTLE cohort are available at9,10. In total, ARISTOTLE contributed 1,585 
samples with Olink inflammation panel data for comparison with the pQTL discovery meta-
analysis findings. All participants gave written informed consent to the biomarker and genetic 
sub-studies and the study was approved by the National Ethics Committees in the participating 
countries. 

 
Supplementary Note 2: Comparison with pQTL study of Ferkingstad et al. 

In addition to testing the pQTLs from our discovery meta-analysis for replication in the 
ARISTOTLE study, we also compared our results to those from the study by Ferkingstad et 
al11 from the deCODE group, hereafter referred to as the “deCODE study”. The deCODE study 
performed pQTL mapping in approximately 35,000 individuals from Iceland, with 4,907 
proteins measured using the aptamer-based SomaScan V4 platform (whereas we used the 



 

 

  

Olink Inflammation platform in our study). 
  
72 of the 91 proteins in our study were measured in the deCODE study. Of the 180 significant 
locus-protein associations from our study, 158 were testable for replication in the deCODE 
summary statistics. Of these 158 variants, 75 were significant at P<5x10-10, 78 at P<5x10-8, 
and 96 at a more liberal P-value threshold of 2.8x10-4 (a Bonferroni-correction for the 180 
pQTLs eligible for replication testing; P-values from linear regression). The numbers of pQTLs 
replicating in ARISTOTLE and in deCODE at varying P-value thresholds are shown in 
Supplementary Note Table 1. Overall, we replicated 126 (71%) of the 178 testable pQTLs in 
either ARISTOTLE or deCODE at P<2.8x10-4. 
 
Supplementary Note Table 1. The numbers of pQTLs replicating in ARISTOTLE and in 
deCODE at varying P-value thresholds (P-values from linear regression). 
 

P-value threshold No. pQTLs 
replicated in 
ARISTOTLE 

No. pQTLs 
replicated in 

deCODE 

No. pQTLs replicated in 
either ARISTOTLE or 

deCODE 

5.0x10-10 32 75 87 

5.0x10-8 39 78 92 

2.78x10-4 72 96 126 

Number of testable 
pQTLs 

174 158 178 

  
 
Of note, 7 pQTLs replicated in ARISTOTLE with P<5x10-8 and yet did not replicate in the 
deCODE study despite the larger sample size of the latter (Supplementary Note Table 2). 4 
of these 7 were cis-pQTLs. Of the three trans-pQTLs, two have been reported in previous 
studies that use single protein ELISAs; i) the association of rs385076 with IL-18 levels was 
reported by Johansson et al12, and ii) rs2228145, a variant in IL6R (the gene encoding the 
interleukin-6 receptor), is well known to affect soluble IL6 levels13,14. 
  
The lack of signal in the deCODE data (generated using the Somascan platform), despite 
convincing evidence of a pQTL in these instances (in both Olink and ELISA-based studies), 
may reflect platform effects. Consistent with this, rs2228145 was not significantly associated 
with plasma IL6 levels in the study of Sun et al15, which used an earlier version of the 
SomaScan platform. There are a number of possible explanations for the absence of detecting 
a pQTL using the SomaScan: i) the specific aptamer may lack sensitivity; ii) aptamers do not 
always measure their canonical target protein, and instead may target a cleavage product or 
the protein bound in complex to another protein; iii) aptamers are more vulnerable to off-target 
binding than the Olink platform used in our study. This is because the Olink platform uses a 
pair of antibodies, each with a complementary oligonucleotide tag, for each protein target. If, 



 

 

  

and only if, both antibodies bind then the oligonucleotides hybridise and a qPCR read-out is 
generated. 
 
Supplementary Note Table 2. Details of pQTLs which replicated at P<5x10-8 in ARISTOTLE 
(n=1,585, Olink proteomics) but not in deCODE (n=35,556, SomaScan proteomics). P-values 
from linear regression. 
 

Protein rsID P-value in 
ARISTOTLE 

P-value in 
deCODE 

Cis or trans 

LTA rs2229092 5.8x10-81 0.56 cis 

CCL3 rs8951 2.4 x10-25 0.0087 cis 

GDNF rs62360376 1.6x10-13 0.48 cis 

CCL13 rs3136676 3.1x10-10 0.15 cis 

IL18 rs385076 5.1x10-17 0.42 trans 

TNFSF10 rs28929474 1.6x10-9 0.78 trans 

IL6 rs2228145 3.0x10-8 0.0022 trans 

 
 
Supplementary Note 3: Additional information on potential mechanisms underpinning 
cis-pQTLs 

Supplementary Note Table 3 provides information on whether the sentinel cis-pQTL variant 
was a protein-altering variant (PAV), or whether it was in high LD (r2≥0.8) with a PAV, and 
whether there was a colocalising eQTL in at least one tissue or cell type. 
 
Of the 11 cis-pQTLs with sentinel variants that are PAVs, only 2 had a corresponding 
colocalising (PP H4 >0.8) cis-eQTL. These were pQTLs for IL15RA and PLAU. The remaining 
9 did not (cis-pQTLs for ADA, CCL8, CCL25, CXCL10, HGF, LTA, MMP10, SIRT2, TGFB1).   
 
For a further 10 cis-pQTLs, the sentinel variants were not themselves PAVs but were in high 
LD (r2≥0.8) with a PAV. However, 3 of these PAVs were not in the gene encoding the target 
protein but were instead in another nearby gene, and thus protein-altering effects could not 
account for the pQTL. Of the remaining 7 cis-pQTLs, 4 have a colocalising corresponding cis-
eQTL (CD6, CCL11, CST5, CXCL5), whereas 3 do not (TNFSF14, CCL4, CASP8). 
 
There were 27 cis-pQTLs without a corresponding colocalising cis-eQTL. 12 of the 27 cis-
pQTLs without a colocalising eQTL are potentially explaining by PAVs, leaving 15 unexplained 



 

 

  

by current available eQTL data. 
 
Supplementary Note Table 3. Annotation of cis-pQTLs. The target protein is denoted by the 
non-italicised gene symbol of the encoding gene. PAV = protein-altering variant. LD = linkage 
disequilibrium. PP H4 = posterior probability of hypothesis 4 from coloc. 
 

Sentinel pQTL 
variant 

Target protein 
 

Sentinel pQTL 
is a PAV 

Sentinel pQTL 
is in high LD 
(r2≥0.8) with a 
PAV 

Colocalising 
eQTL in at least 
1 tissue (PP H4 
≥0.8) 

rs11555566 ADA Yes N/A No 

rs6328 NGF No No Yes 

rs56328050 CASP8 No Yes No 

rs79722574 CCL11 No Yes Yes 

rs11574915 CCL19 

No Yes but in a 
different gene to 
that encoding 
target protein 
(FAM205A) 

No 

rs10207134 CCL20 No No Yes 

rs712048 CCL23 No No No 

rs2032887 CCL25 Yes N/A No 

rs8064426 CCL4 No Yes No 

rs11265493 CD244 No No Yes 

rs1883832 CD40 No No Yes 

rs674379 CD5 No No Yes 

rs2074227 CD6 No Yes Yes 

rs2276862 CDCP1 No No Yes 

rs17610659 CSF1 No No Yes 

rs4815244 CST5 No Yes Yes 

rs671623 CX3CL1 No No Yes 

rs1366949 CXCL1 No No Yes 

rs11548618 CXCL10 Yes N/A No 

rs6827617 CXCL11 

No Yes but in a 
different gene to 
that encoding 
target protein 

No 



 

 

  

(SDAD1) 

rs450373 CXCL5 No Yes Yes 

rs16850073 CXCL6 No No Yes 

rs4241577 CXCL9 

No Yes but in a 
different gene to 
that encoding 
target protein 
(NAA) 

Yes 

rs62193248 DNER No No Yes 

rs3014874 S100A12 No No Yes 

rs838131 FGF21 No No No 

rs12509595 FGF5 No No Yes 

rs62360376 GDNF No No No 

rs5745687 HGF Yes N/A No 

rs12123181 IL10 No No No 

rs2266590 IL10RB No No Yes 

rs10076557 IL12B No No No 

rs2228059 IL15RA Yes No Yes 

rs17700884 IL17C No No No 

rs5744249 IL18 No No Yes 

rs2270297 IL18R1 No No Yes 

rs112359206 IL7 No No Yes 

rs6446951 IL8 No No No 

rs1800472 TGFB1 Yes N/A No 

rs1133763 CCL8 Yes N/A No 

rs7213460 CCL7 No No No 

rs3136676 CCL13 No No No 

rs8951 CCL3 No No Yes 

rs471994 MMP1 No No Yes 

rs17860955 MMP10 Yes N/A No 

rs2247769 TNFRSF11B No No No 

rs822335 CD274 No No Yes 



 

 

  

rs144373891 SIRT2 Yes N/A No 

rs60094514 SLAMF1 No No No 

rs149278 SULT1A1 No No Yes 

rs72912115 TGFA No No Yes 

rs2229092 LTA Yes N/A No 

rs1776354 TNFRSF9 No No Yes 

rs344562 TNFSF14 No Yes No 

rs574044675 TNFSF10 No No No 

rs4512994 TNFSF11 No No Yes 

rs34790908 TNFSF12 No No Yes 

rs55744193 PLAU Yes No Yes 

rs6921438 VEGFA No No No 

 
Supplementary Note 4: Protein-protein network analysis for TNFSF10 
 
Plasma levels of TNFSF10 were associated with 7 genetic loci. To help identify the mediating 
genes at each of these loci, we constructed a protein-protein interaction network based on the 
candidate mediating genes at each loci and TNFSF10 itself using STRINGdb. We observed a 
cluster of eight interacting proteins (Extended Data Figure 7a), representing proteins 
encoded by 5 of the 7 loci with pQTLs for TNFSF10. The genes encoding these proteins 
highlight the plasminogen-activating system as a common feature. The relation of the trans-
pQTLs for TNFSF10 and these are as follows: (i) rs4760 is a missense variant in PLAUR, 
which encodes the plasminogen-activator urokinase receptor; (ii) rs5030044 is intronic in 
KNG1, encoding kininogen 1 which is involved in bradykinin formation, which is regulated by 
plasmin; (iii) rs28929474 is a missense variant in SERPINA1, which encodes alpha1-
antitrypsin, an anti-protease which can bind plasmin; (iv) rs8178824 is intronic to APOH, which 
encodes a cofactor for plasminogen activation16,17; and (v) rs654488 is upstream of MEP1B, 
encoding meprin A, which is activated by the plasmin18. Together, these findings highlight the 
most likely mediating genes at 5 of the 7 regulatory loci and links TNFSF10 to the 
plasminogen-activating system. 
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Supplementary Figure Titles 
 

Supplementary Figure 1. Manhattan plots for the 91 proteins. 
 
Supplementary Figure 2. Forest plots and regional association plots for the 180 pQTLs. 
 
Supplementary Figure 3. Regional association plots comparing plasma cis-pQTLs and 
blood cis-eQTLs for the gene encoding the corresponding protein. 
 
Supplementary Figure 4. Regional association plots comparing plasma cis-pQTLs and 
disease associations. 
 
Supplementary Item. 3-dimensional interactive genomic map of pQTLs. 
The html file (supplied separately) shows pQTL sentinel variant position in relation to the gene 
encoding the target protein and the strength of the statistical association (two-sided P-values 
are from meta-analysis of linear regression estimates). Hover over a point to see detailed 
information. The image can be rotated by holding at left clicking the mouse. 
  



 

 

  

Supplementary Figure 1. Manhattan plots for the 91 proteins. Proteins are labelled with both 
the label provided by Olink, and with the encoding gene symbol in parentheses. Two-sided P-
values are from meta-analysis of linear regression estimates. Horizontal dash blue line = 
P=5x10-10 (genome-wide significance after Bonferroni-correction for testing multiple proteins). 

  

























































































































































































 

 

  

Supplementary Figure 2. Forest plots and regional association plots for the 180 pQTLs. Left 
panels: forest plots show the effect estimate and 95% confidence intervals in each cohort. 
Metrics of heterogeneity are provided. N= number of individuals. Right panels: locuszoom 
plots of the regional associations. Proteins are labelled with both the label provided by Olink, 
and with the encoding gene symbol in parentheses. Two-sided P-values are from meta-
analysis of linear regression estimates. 

  











































































































































































































































































































































































 

 

  

Supplementary Figure 3. Regional association plots comparing plasma cis-pQTLs and blood 
cis-eQTLs for the gene encoding the corresponding protein. ‘LocusZoom’ regional association 
plots comparing the plasma cis-pQTL signals (lower panel) with the eQTL signals for the 
encoding gene in whole blood from the eQTLGen data (upper panel). The sentinel variant for 
the pQTL is coloured in purple. LD (r2) to the sentinel pQTL is indicated by the colour key. 
Two-sided P-values are from meta-analysis of linear regression estimates. 
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Supplementary Figure 4. Regional association plots comparing plasma cis-pQTLs and 
disease associations. ‘LocusZoom’ regional association plots comparing the plasma cis-pQTL 
signals (upper panel) with the relevant disease signals (lower panel) for the 12 protein-disease 
pairs with significant GSMR results following our initial filters prior to colocalisation testing (see 
Methods). The sentinel variant for the pQTL is coloured in purple. LD (r2) to the sentinel pQTL 
is indicated by the colour key. For pQTLs, two-sided P-values are from meta-analysis of linear 
regression estimates. For diseases, P-values are from logistic regression. 
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