
Last revised 16 January 2023

UK Data Archive Study Number 7251 - Understanding Society: Nurse Health Assessment



Contents
1 Abbreviations 2

2 Overview 7
2.1 Background . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
2.2 Dataset . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9

3 Factors associated with protein levels 14
3.1 Table of factors associated with protein levels . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

4 Proteins 21
4.1 Sources of information . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.2 Limitations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 21
4.3 Cardiometabolic panel proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
4.4 Neurology panel proteins . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114

5 Appendix 1: Limit of detection 206
5.1 Table of limit of detection values for each protein . . . . . . . . . . . . . . . . . . . . . . . . . 206

6 Appendix 2: Methods 207
6.1 Linear regressions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 207

1



1 Abbreviations

Table 1: Table of abbreviations used in this document

Abbreviation Definition
Ab Antibody. A type of protein molecule that can be manufactured to detect another molecule

by binding to it specifically
ADAM 22 Disintegrin and metalloproteinase domain-containing protein 22
ADAM 23 Disintegrin and metalloproteinase domain-containing protein 23
Alpha-2-MRAP Alpha-2-macroglobulin receptor-associated protein
ANG Angiogenin
ANGPTL3 Angiopoietin-related protein 3
AOC3 Membrane primary amine oxidase
APOM Apolipoprotein M
BCAN Brevican core protein
Beta-NGF Beta-nerve growth factor
BHPS British Household Panel Survey. This longitudinal study was incorporated into

Understanding Society
BMP-4 Bone morphogenetic protein 4
C1QTNF1 Complement C1q tumour necrosis factor-related protein 1
C2 Complement C2
CA1 Carbonic anhydrase 1
CA3 Carbonic anhydrase 3
CA4 Carbonic anhydrase 4
CADM3 Cell adhesion molecule 3
CCL14 C-C motif chemokine 14
CCL18 C-C motif chemokine 18
CCL5 C-C motif chemokine 5
CD200 OX-2 membrane glycoprotein
CD200R1 Cell surface glycoprotein CD200 receptor 1
CD38 ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase 1
CD46 Membrane cofactor protein
CD59 CD59 glycoprotein
CDH1 Cadherin-1
CDH3 Cadherin-3
CDH6 Cadherin-6
CES1 Liver carboxylesterase 1
CFHR5 Complement factor H-related protein 5
CHL1 Neural cell adhesion molecule L1-like protein
CLEC10A C-type lectin domain family 10 member A
CLEC1B C-type lectin domain family 1 member B
CLM-1 CMRF35-like molecule 1
CLM-6 CMRF35-like molecule 6
CNDP1 Beta-Ala-His dipeptidase
CNTN5 Contactin-5
COL18A1 Collagen alpha-1(XVIII) chain
COMP Cartilage oligomeric matrix protein
CPA2 Carboxypeptidase A2
CPM Carboxypeptidase M
CR2 Complement receptor type 2
CRTAC1 Cartilage acidic protein 1
CRTAM Cytotoxic and regulatory T-cell molecule
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CST3 Cystatin-C
Ct value Cycle threshold value. This is a quantitative measure of a strand of DNA produced by a

qPCR assay. In PEA proteomics, this value is used to calculate the protein measurement
CTSC Dipeptidyl peptidase 1
CTSS Cathepsin S
DDR1 Epithelial discoidin domain-containing receptor 1
DEFA1 Neutrophil defensin 1
Dkk-4 Dickkopf-related protein 4
DNA Deoxyribonucleic acid. The long chemical in our cells which makes up our genome. It can

also be manufactured in shorter fragments and used in PEA proteomics to measure
proteins

DPP4 Dipeptidyl peptidase 4
DRAXIN Draxin
EDA2R Tumour necrosis factor receptor superfamily member 27
EFEMP1 EGF-containing fibulin-like extracellular matrix protein 1
EFNA4 Ephrin-A4
ENG Endoglin
EPHB6 Ephrin type-B receptor 6
EZR Ezrin
F11 Coagulation factor XI
F7 Coagulation factor VII
FAP Prolyl endopeptidase FAP
FCGR2A Low affinity immunoglobulin gamma Fc region receptor II-a
FCGR3B Low affinity immunoglobulin gamma Fc region receptor III-B
FCN2 Ficolin-2
FcRL2 Fc receptor-like protein 2
FETUB Fetuin-B
FLRT2 Leucine-rich repeat transmembrane protein FLRT2
gal-8 Galectin-8
GAS6 Growth arrest-specific protein 6
G-CSF Granulocyte colony-stimulating factor
GDF-8 Growth/differentiation factor 8
GDNF Glial cell line-derived neurotrophic factor
GDNFR-alpha-3 GDNF family receptor alpha-3
GFR-alpha-1 GDNF family receptor alpha-1
GM-CSF-R-alpha Granulocyte-macrophage colony-stimulating factor receptor subunit alpha
GNLY Granulysin
GP1BA Platelet glycoprotein Ib alpha chain
GPC5 Glypican-5
GZMA Granzyme A
HAGH Hydroxyacylglutathione hydrolase; mitochondrial
ICAM1 Intercellular adhesion molecule 1
ICAM3 Intercellular adhesion molecule 3
IGFBP3 Insulin-like growth factor-binding protein 3
IGFBP6 Insulin-like growth factor-binding protein 6
IGLC2 Immunoglobulin lambda constant 2
IL12 Interleukin-12 subunit alpha and interleukin-12 subunit beta
IL-5R-alpha Interleukin-5 receptor subunit alpha
IL7R Interleukin-7 receptor subunit alpha
ITGAM Integrin alpha-M
JAM-B Junctional adhesion molecule B
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KIT Mast/stem cell growth factor receptor Kit
KYNU Kynureninase
LAIR-2 Leukocyte-associated immunoglobulin-like receptor 2
LAT Linker for activation of T-cells family member 1
LAYN Layilin
LCN2 Neutrophil gelatinase-associated lipocalin
LILRB1 Leukocyte immunoglobulin-like receptor subfamily B member 1
LILRB2 Leukocyte immunoglobulin-like receptor subfamily B member 2
LILRB5 Leukocyte immunoglobulin-like receptor subfamily B member 5
LOD Limit of detection. This is the minimum protein concentration (in NPX units) that can be

accurately measured. Below this, the relationship between NPX and absolute protein
concentration becomes non-linear. Each protein has its own specific LOD value

LTBP2 Latent-transforming growth factor beta-binding protein 2
LXN Latexin
LYVE1 Lymphatic vessel endothelial hyaluronic acid receptor 1
MANF Mesencephalic astrocyte-derived neurotrophic factor
MAPT Microtubule-associated protein tau
MATN3 Matrilin-3
MBL2 Mannose-binding protein C
MDGA1 MAM domain-containing glycosylphosphatidylinositol anchor protein 1
MEGF9 Multiple epidermal growth factor-like domains protein 9
MET Hepatocyte growth factor receptor
MFAP5 Microfibrillar-associated protein 5
MSR1 Macrophage scavenger receptor types I and II
N2DL-2 UL16-binding protein 2
NAAA N-acylethanolamine-hydrolyzing acid amidase
NBL1 Neuroblastoma suppressor of tumourigenicity 1
NCAM1 Neural cell adhesion molecule 1
NCAN Neurocan core protein
N-CDase Neutral ceramidase
NEP Neprilysin
NID1 Nidogen-1
NMNAT1 Nicotinamide/nicotinic acid mononucleotide adenylyltransferase 1
NOTCH1 Neurogenic locus notch homolog protein 1
NPX Normalized Protein eXpression. The unit of protein measurement in this dataset, devised

by the company Olink. It is based on log2-transformed Ct values and corrected for
variability across test batches (plates)

Nr-CAM Neuronal cell adhesion molecule
NRP1 Neuropilin-1
NRP2 Neuropilin-2
NTRK2 BDNF/NT-3 growth factors receptor
NTRK3 NT-3 growth factor receptor
omics The suffix (sometimes used as a word) that denotes an approach wherein a

comprehensive set of molecules of a certain class are assayed (measured) or analysed
simultaneously

OSMR Oncostatin-M-specific receptor subunit beta
PAM Peptidyl-glycine alpha-amidating monooxygenase
PCOLCE Procollagen C-endopeptidase enhancer 1
PDGF-R-alpha Platelet-derived growth factor receptor alpha
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PEA Proximity Extension Assay. The technology used by the company Olink to measure the
proteins in this dataset. Pairs of antibodies (with DNA molecules attached) bind to each
protein. This binding allows the attached DNA molecules to take part in a qPCR reaction
which quantifies the amount of protein in each participant’s serum sample

PLA2G7 Platelet-activating factor acetylhydrolase
PLTP Phospholipid transfer protein
PLXNB1 Plexin-B1
PLXNB2 Plexin-B2
PLXNB3 Plexin-B3
PRCP Lysosomal Pro-X carboxypeptidase
PROC Vitamin K-dependent protein C
PRSS2 Trypsin-2
PRTG Protogenin
PTPRS Receptor-type tyrosine-protein phosphatase S
PVR Poliovirus receptor
QC Quality control. A set of procedures to check that a product (in this case the dataset) is of

good quality. For example, measuring proteins in the same sample multiple times and
quantifying the variability between replicates

qPCR Quantitative Polymerase Chain Reaction. A laboratory assay used to measure the number
of copies of a DNA strand by first making multiple copies of the DNA and then measuring
the final quantity, which is proportional to the original quantity

QPCT Glutaminyl-peptide cyclotransferase
REG1A Lithostathine-1-alpha
REG3A Regenerating islet-derived protein 3-alpha
RGMA Repulsive guidance molecule A
RGMB Repulsive guidance molecule B
ROBO2 Roundabout homolog 2
RSPO1 R-spondin-1
SAA4 Serum amyloid A-4 protein
SCARA5 Scavenger receptor class A member 5
SCARB2 Lysosome membrane protein 2
SCARF2 Scavenger receptor class F member 2
SELL L-selectin
SERPINA5 Plasma serine protease inhibitor
SERPINA7 Thyroxine-binding globulin
sFRP-3 Secreted frizzled-related protein 3
SIGLEC1 Sialoadhesin
Siglec-9 Sialic acid-binding Ig-like lectin 9
SKR3 Serine/threonine-protein kinase receptor R3
SMOC2 SPARC-related modular calcium-binding protein 2
SMPD1 Sphingomyelin phosphodiesterase
SNP Single nucleotide polymorphism. A type of common DNA variation between individuals
SOD1 Superoxide dismutase [Cu-Zn]
SPARCL1 SPARC-like protein 1
SPOCK1 Testican-1
ST6GAL1 Beta-galactoside alpha-2;6-sialyltransferase 1
TCN2 Transcobalamin-2
TGFBI Transforming growth factor-beta-induced protein ig-h3
TGFBR3 Transforming growth factor beta receptor type 3
THBS4 Thrombospondin-4
THY 1 Thy-1 membrane glycoprotein
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TIE1 Tyrosine-protein kinase receptor Tie-1
TIMD4 T-cell immunoglobulin and mucin domain-containing protein 4
TIMP1 Metalloproteinase inhibitor 1
TMPRSS5 Transmembrane protease serine 5
TNC Tenascin
TNFRSF12A Tumour necrosis factor receptor superfamily member 12A
TNFRSF21 Tumour necrosis factor receptor superfamily member 21
TN-R Tenascin-R
TNXB Tenascin-X
UKHLS United Kingdom Household Longitudinal Study. Another name for Understanding Society
UMOD Uromodulin
UNC5C Netrin receptor UNC5C
VASN Vasorin
VCAM1 Vascular cell adhesion protein 1
VWC2 Brorin
WFIKKN1 WAP Kazal immunoglobulin Kunitz and NTR domain-containing protein 1
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2 Overview

2.1 Background

2.1.1 Understanding Society

The Understanding Society study (UK Household Longitudinal Study; UKHLS) is built on the successful
British Household Panel Survey (BHPS) which ran from 1991-2009 and had around 10,000 households in it.
Understanding Society started in 2009 with a nationally representative sample of around 26,000 households
and an ethnic minority boost sample of around 4,000 households. In 2010, 8,000 of the original BHPS
households joined the study.

The study follows sample members and collects information from them at one-year intervals (referred to
as a Wave). Understanding Society collects information about adult (16+ year old) participants’ social and
economic circumstances, attitudes and beliefs and it also gathers information about their health. FromWave
1 onwards adult participants have been asked a number of questions about their general health. 10-15 year
olds are also asked to complete short self-completion questionnaires about issues that are relevant for young
people, and some information is collected about 0-9 year olds in sampled households from their parents and
guardians.

For more information on Understanding Society see this overview on our website1, and the main survey
user guide web page2.

2.1.2 Blood samples

In Waves 2 and 3 of the study (2010-2012) adult participants received a health assessment visit from a
registered nurse. The nurses visited participants in their homes and, in addition to a range of biomedical
measures (such as blood pressure, weight, and lung function), blood samples were collected at these visits.

Non-fasting blood samples were collected from over 13,000 participants and despatched using Royal Mail to
the Fisher BioServices secure storage facility, where staff processed the samples, dispensing whole blood,
plasma and serum into smaller tubes (aliquots) for long term storage. Subsequently DNA was extracted for
the assessment of genetic (SNP) and epigenetic (DNA methylation) markers. Aliquots were used to mea-
sure 21 biomarkers. These measures were chosen to capitalise on the strengths of Understanding Society,
which has detailed information on the social environment, to address questions related to the pathways by
which the environment ‘gets under the skin’ and to understand the sub-clinical pathways to common dis-
eases.

For more detail on the nurse health assessment and sampling, please see the Understanding SocietyWaves
2 and 3 Nurse Health Assessment guide and the Understanding Society Biomarker User Guide and Glos-
sary, both available on the health and biomarkers user guide web page3.

Aliquots from 46% of the samples in the original Understanding Society blood collection were sent for anal-
ysis of 184 proteins. 6,180 samples were sent: 4,625 from wave 2, and 1,555 from wave 3.

1https://www.understandingsociety.ac.uk/about/about-the-study
2https://www.understandingsociety.ac.uk/documentation/mainstage/user-guides/main-survey-user-guide/
3https://www.understandingsociety.ac.uk/documentation/health-assessment/user-guide
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2.1.3 Proteomics

Here we describe the measurement of proteins. Proteins are the products of gene expression, and thus are
important components in the biological pathways of health, disease and behaviour. We later discuss how
this data can be used for social science research.

In biology, “-omics” refers to the analysis of a large set of biological targets, which allows researchers to
uncover new associations between them and their variable of interest in a hypothesis-free manner. This
approach is in contrast to earlier approaches wherein “candidate” genes and proteins were focussed on,
and is afforded by advances in high throughput laboratory methods. Proteomics is the analysis of a large
set of protein molecules. The human bloodstream contains many proteins, some of which are purposefully
released into the blood by cells to perform their biological role (secreted), and others which do not typically
function in the blood but have simply leaked into it from other tissues. Blood-derived samples (serum) were
used in Understanding Society to measure the abundance of 184 proteins.

Laboratory analyses were performed by the company Olink, who offer testing of sets, or “panels”, of 92
proteins at a time, grouped according to a theme such as a disease or biological process. The 184 proteins
tested in Understanding Society belong to two panels: 92 proteins from the cardiometabolic panel4 which
focusses on cardiovascular (heart and blood vessels) and metabolic health (e.g. diabetes):

ANG, ANGPTL3, AOC3, APOM, C1QTNF1, C2, CA1, CA3, CA4, CCL14, CCL18, CCL5, CD46, CD59,
CDH1, CES1, CFHR5, CHL1, CNDP1, COL18A1, COMP, CR2, CRTAC1, CST3, DEFA1, DPP4, EFEMP1,
ENG, F11, F7, FAP, FCGR2A, FCGR3B, FCN2, FETUB, GAS6, GNLY, GP1BA, ICAM1, ICAM3, IGFBP3,
IGFBP6, IGLC2, IL7R, ITGAM, KIT, LCN2, LILRB1, LILRB2, LILRB5, LTBP2, LYVE1, MBL2, MEGF9,
MET, MFAP5, NCAM1, NID1, NOTCH1, NRP1, OSMR, PAM, PCOLCE, PLA2G7, PLTP, PLXNB2, PRCP,
PROC, PRSS2, PTPRS, QPCT, REG1A, REG3A, SAA4, SELL, SERPINA5, SERPINA7, SOD1, SPARCL1,
ST6GAL1, TCN2, TGFBI, TGFBR3, THBS4, TIE1, TIMD4, TIMP1, TNC, TNXB, UMOD, VASN, VCAM1

and 92 proteins in the neurology panel5 which focusses on proteins involved in areas such as brain devel-
opment and neurodegenerative disease (e.g. Alzheimer’s disease):

ADAM 22, ADAM 23, Alpha-2-MRAP, BCAN, Beta-NGF, BMP-4, CADM3, CD200, CD200R1, CD38, CDH3,
CDH6, CLEC10A, CLEC1B, CLM-1, CLM-6, CNTN5, CPA2, CPM, CRTAM, CTSC, CTSS, DDR1, Dkk-4,
DRAXIN, EDA2R, EFNA4, EPHB6, EZR, FcRL2, FLRT2, G-CSF, gal-8, GDF-8, GDNF, GDNFR-alpha-3,
GFR-alpha-1, GM-CSF-R-alpha, GPC5, GZMA, HAGH, IL-5R-alpha, IL12, JAM-B, KYNU, LAIR-2, LAT,
LAYN, LXN, MANF, MAPT, MATN3, MDGA1, MSR1, N-CDase, N2DL-2, NAAA, NBL1, NCAN, NEP, NM-
NAT1, Nr-CAM, NRP2, NTRK2, NTRK3, PDGF-R-alpha, PLXNB1, PLXNB3, PRTG, PVR, RGMA, RGMB,
ROBO2, RSPO1, SCARA5, SCARB2, SCARF2, sFRP-3, Siglec-9, SIGLEC1, SKR3, SMOC2, SMPD1,
SPOCK1, THY 1, TMPRSS5, TN-R, TNFRSF12A, TNFRSF21, UNC5C, VWC2, WFIKKN1

Some of these proteins have been researched extensively, while for others this is not yet the case. Conse-
quently, it may or may not be possible for a given protein to be used as a “biomarker”, which is defined by
the National Institute for Health as “a characteristic that is objectively measured and evaluated as an indi-
cator of normal biological processes, pathogenic processes, or pharmacological responses to a therapeutic
intervention”. When such well-evaluated “biomarkers” have been measured in social science surveys, they
can be used to study the social patterning of disease risk and wellbeing; for example, biomarkers of inflam-
mation and haemostasis have been associated with educational attainment6. While it is beyond the scope
of this user guide to recommend any of the 184 proteins as biomarkers, we have included brief descriptions
of the biological role of each one in the “Proteins” section.

4https://www.olink.com/products-services/target/cardiometabolic-panel/
5https://www.olink.com/products-services/target/neurology-panel/
6https://doi.org/10.1016/j.bbi.2020.09.002
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That cardiovascular disease is socially patterned is a near ubiquitous finding7. The proteins in the car-
diometabolic panel are known to be involved in processes related to cardiovascular health (i.e. of the heart
and blood vessels) and metabolism (i.e. the processing of molecules such as nutrients and drugs). It is an-
ticipated that the cardiometabolic panel proteins in this dataset will provide further insights into the pathways
to, and points of intervention for, these diseases. Recent studies found several of the cardiometabolic panel
proteins to be implicated in the development of stroke8 and useful in coronary artery disease risk stratifica-
tion9.

Many of the proteins in the neurology panel are well-known to have roles directly related to the health and
disease of the nervous system (brain, spinal cord and nerves), while others may be more indirectly related.
Researchers have found several of these proteins to be related to brain volume and cognitive function in
older cohorts10 and occupational hazards11.

The proteomics dataset can be used in several ways:

- Candidate or pathway approach: each protein in the proteomic dataset could be used as a “biomarker”, or
proxy measure of a biological process, depending on the supporting literature.

- An -omic or hypothesis-free approach: test every protein in the dataset for association with a variable(s)
of interest. Once significant proteins have been identified, biological annotation databases should be con-
sulted to identify the pathways and mechanisms involved.

- Integrate multiple “-omics” datasets: for example, genome-wide SNP data or epigenome-wide DNA methy-
lation data can be combined to characterise biological pathway(s) of interest. Here are three examples of
recent studies that have used proteomic and other -omic data to explore the relationships between DNA,
proteins and disease: Zaghlool et al 202012, Hillary et al 201913 and Ritchie et al 202114.

2.2 Dataset

The data in the dataset that has been deposited have been examined in a number of ways described in this 
document and in a forthcoming working paper.

2.2.1 Participant characteristics

There are 2,453 males and 3,727 females in the dataset. Age at time of sampling ranges from 16 to 102 
with a mean of 53.1. The majority of participants were White - see table 2 for a full breakdown.

7https://www.euro.who.int/__data/assets/pdf_file/0005/98438/e81384.pdf
8http://dx.doi.org/10.1136/neurintsurg-2020-016118
9https://doi.org/10.1016/j.ebiom.2018.12.033
10https://doi.org/10.1038/s41467-019-14161-7
11https://doi.org/10.3389/fpubh.2020.00422
12https://doi.org/10.1038/s41467-019-13831-w
13https://doi.org/10.1038/s41467-019-11177-x
14https://doi.org/10.1101/2019.12.14.876474
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Table 2: Number of participants per ethnic group with proteomic data

Ethnic_category n
White 5910
Asian 155
Black 61
Mixed 39
Other 15

2.2.2 Measurement and units

There are different laboratory technologies that can be used to measure protein abundance. Olink uses
the Proximity Extension Assay (PEA) technology, in which a liquid biological sample is mixed with reagents
that contain “oligo-linked Ab pairs” designed to detect each protein. These comprise two antibodies which
each have a DNA molecule artificially attached to them. When an oligo-linked Ab pair binds to the protein of
interest, this brings the two DNA molecules into sufficiently close proximity for a real-time qPCR reaction to
take place, yielding a numerical value (known as the “Ct value”) which corresponds to the amount of protein
in the sample.

The protein measurements are supplied as NPX values: an arbitrary unit based on log2-transformed Ct
values, corrected for inter-plate variability. One unit increase represents a doubling in concentration. The
values can be used as “relative concentrations” for each protein, but can not be used to compare different
proteins, or for comparisons across different studies. More information is available at Olink’s website15.

2.2.3 Quality control

Quality control and data pre-processing was performed by Olink, so the NPX values did not require any
further normalization or correction. In this section we describe how we:

• ensured consistency of NPX values between duplicate samples
• defined and handled missingness

2.2.3.1 Duplicates

70 participants’ samples were assayed (measured) in duplicate to enable checking of the similarity
of measurements across plates (batches). In the cardiometabolic panel, 70/70 of these passed Olink’s QC
procedure, whereas 68/70 passed in the neurology panel.

For each duplicate, we checked to see how similar the protein measurements were for all 184 proteins by
calculating a between-replicate correlation coefficient. Perfect correlation would give a coefficient of 1. All
correlation coefficients fell between 0.86 – 1, with 68/70 scoring >0.90. For each of the duplicates, only one
replicate was retained in the final dataset.

2.2.3.2 Missingness

For technical reasons, there are some missing values in the dataset. We have replaced missing val-
ues with three different “missingness” codes: -33, -34 and -9, which are explained below. A fourth type of
“missingness”: “below-limit-of-detection” is also explained.

15https://www.olink.com/faq/what-is-npx/
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-33: One protein, named DEFA1, failed in four plates. This has been indicated with coded values of -33, of
which there are 340.
-34: Some participants’ samples failed on a per-panel basis: 11 in the cardiometabolic panel and 103 in the
neurology panel, leading to 1,012 and 9,476 missing values, respectively. These have been coded as -34
in the deposited dataset.
-9: There are 16 data points that are missing for other technical reasons. These have been coded as -9 in
the dataset.

For more information on Olink’s QC procedure, see their website16.

Below-limit of detection: Each protein has a “Limit of Detection” (LOD) value. Protein measurements that
fall below the LOD have a non-linear relationship with absolute protein concentration and thus may be
unreliable. These values have been kept in the dataset un-changed in case users wish to include them in
their analyses, so while “missing” is a commonly-used term for below-LOD datapoints, they are not strictly
“missing” in this case. To identify below-LOD measurements, users can refer to the separate file of LOD
values that have been released, or they can check appendix 1 of this document. While below-LOD values
are not necessarily unusable, they may not be as accurate as above-LOD values and should be interpreted
cautiously. Olink provide information on how to handle below-LOD values on their website17. Users may
wish to retain or remove below-LOD values. A third option is to class an entire protein as having failed - and
exclude it entirely - if a high proportion of samples have below-LOD values; however, the user would have
to define what a “high proportion” is as there is no standard definition. For the purposes of this document,
we have chosen a threshold of 10%, meaning any protein with below-LOD values in at least 10% of the
samples has been classed as a “fail”, specifically: Beta-NGF, CES1, DEFA1, FAP, G-CSF, GDNF, GNLY,
IL7R, ITGAM, LTBP2, LXN, MAPT, MFAP5, PLA2G7, PLTP, REG3A, SOD1, UMOD. The user may wish
to use a different threshold.

2.2.4 Distribution

The distributions are all broadly normal, however some appear to have slight skew and/or a bimodal distri-
bution, so we recommend users inspect the boxplots in figures 1-2 and/or the histograms and q-q plots in
the “Proteins” section.

16https://www.olink.com/faq/how-is-quality-control-of-the-data-performed/
17https://www.olink.com/faq/how-is-the-limit-of-detection-lod-estimated-and-handled/
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Figure 1: Cardiometabolic panel protein distributions
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Figure 2: Neurology panel protein distributions
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3 Factors associated with protein levels

As discussed, the measured proteins have a varying literature base. To aid users in their analyses, we
describe the association of the proteins with a limited set of technical and other variables that they might
wish to consider. We anticipate that users will investigate in more detail their own variables of interest.

We examined technical (non-biological) factors, such as the delay between collecting blood from the partici-
pant and its arrival in the lab, referred to here as “transit delay” (measured in whole days), factors associated
with the sample collection, such as participant non-adherence to instructions, and also biological factors such
as age and sex. We used linear regression models to investigate these factors. A more detailed set of anal-
yses will be described in a forthcoming working paper.

In this document, for each of these investigations, we used a bonferroni-corrected p value significance
threshold of

0.05/𝑛.𝑝𝑟𝑜𝑡𝑒𝑖𝑛𝑠 = 0.05/184 = 0.0002717

For more detail on the methods used, see appendix 2.

Table 3 shows the distribution of transit delay for the samples (information unavailable for n = 40 participants).

Table 3: Frequency table for each in-transit delay category, in days

n days 1 2 3 4 5 6 7 8 9 10 11+
n samples 1452 2434 1205 542 266 112 50 25 20 15 19

3.1 Table of factors associated with protein levels

Tables 4 and 5 summarise our findings. Each row represents one protein, and each column represents a
factor. “Y” indicates that the factor was significantly associated with the protein. The first column “Pass_Fail”
states whether each protein passed or failed the 10% below-LOD threshold.
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Table 4: Table of variables significantly associated with car-
diometabolic panel protein concentrations

Pa
ss
_F
ai
l
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e
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e_
Sq
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d
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x

Tr
an
si
t_
D
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ay

Tr
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t_
D
el
ay
_S

qu
ar
ed

R
ec
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tly
_E

at
en

ANG Pass Y Y
ANGPTL3 Pass Y Y
AOC3 Pass Y
APOM Pass Y
C1QTNF1 Pass Y Y
C2 Pass Y Y Y Y
CA1 Pass Y Y Y
CA3 Pass Y Y Y Y
CA4 Pass Y Y Y
CCL14 Pass Y Y Y
CCL18 Pass Y Y Y
CCL5 Pass Y Y
CD46 Pass Y Y Y
CD59 Pass Y Y Y Y Y
CDH1 Pass Y Y Y
CES1 Fail Y Y Y Y
CFHR5 Pass Y
CHL1 Pass Y
CNDP1 Pass Y Y
COL18A1 Pass Y Y Y Y
COMP Pass Y Y Y
CR2 Pass Y Y
CRTAC1 Pass Y Y Y
CST3 Pass Y Y Y
DEFA1 Fail Y Y Y
DPP4 Pass Y Y Y
EFEMP1 Pass Y Y
ENG Pass Y Y
F11 Pass Y Y
F7 Pass Y Y Y
FAP Fail Y
FCGR2A Pass Y Y
FCGR3B Pass Y Y Y
FCN2 Pass Y Y Y Y
FETUB Pass Y Y
GAS6 Pass Y Y
GNLY Fail Y Y
GP1BA Pass Y Y Y
ICAM1 Pass Y
ICAM3 Pass Y Y
IGFBP3 Pass Y Y Y
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Table 4: Table of variables significantly associated with car-
diometabolic panel protein concentrations (continued)

Pa
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D
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D
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IGFBP6 Pass Y Y Y
IGLC2 Pass Y Y Y
IL7R Fail Y
ITGAM Fail Y Y Y
KIT Pass Y Y Y
LCN2 Pass Y Y Y
LILRB1 Pass Y Y Y
LILRB2 Pass Y Y
LILRB5 Pass Y
LTBP2 Fail Y Y
LYVE1 Pass Y Y Y
MBL2 Pass Y Y Y
MEGF9 Pass Y Y
MET Pass
MFAP5 Fail Y Y Y
NCAM1 Pass Y Y Y
NID1 Pass Y Y
NOTCH1 Pass Y Y
NRP1 Pass Y Y Y
OSMR Pass Y Y
PAM Pass Y Y Y
PCOLCE Pass Y Y
PLA2G7 Fail Y Y Y
PLTP Fail Y Y
PLXNB2 Pass Y Y Y
PRCP Pass Y Y Y Y
PROC Pass Y Y
PRSS2 Pass Y Y Y
PTPRS Pass Y Y Y
QPCT Pass Y Y Y
REG1A Pass Y Y Y
REG3A Fail Y Y
SAA4 Pass Y Y Y
SELL Pass Y Y Y Y
SERPINA5 Pass Y Y Y
SERPINA7 Pass Y Y
SOD1 Fail Y Y Y
SPARCL1 Pass Y Y
ST6GAL1 Pass Y Y
TCN2 Pass Y Y Y
TGFBI Pass Y Y
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Table 4: Table of variables significantly associated with car-
diometabolic panel protein concentrations (continued)

Pa
ss
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TGFBR3 Pass Y Y Y
THBS4 Pass Y
TIE1 Pass
TIMD4 Pass Y Y Y
TIMP1 Pass Y Y Y Y
TNC Pass Y Y Y
TNXB Pass Y Y
UMOD Fail Y Y Y
VASN Pass Y Y Y
VCAM1 Pass Y Y Y Y
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Table 5: Table of variables significantly associated with neurology
panel protein concentrations

Pa
ss
_F
ai
l
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e
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ADAM 22 Pass Y Y Y
ADAM 23 Pass Y Y Y
Alpha-2-MRAP Pass Y Y Y Y
BCAN Pass Y Y
Beta-NGF Fail Y
BMP-4 Pass Y Y
CADM3 Pass Y Y Y
CD200 Pass Y Y Y Y
CD200R1 Pass Y Y
CD38 Pass Y Y Y Y Y
CDH3 Pass Y Y
CDH6 Pass Y Y Y
CLEC10A Pass Y Y Y
CLEC1B Pass Y Y Y
CLM-1 Pass Y Y Y Y
CLM-6 Pass Y Y Y Y
CNTN5 Pass Y Y
CPA2 Pass Y Y
CPM Pass Y Y Y Y
CRTAM Pass Y Y Y Y
CTSC Pass Y Y Y
CTSS Pass Y Y Y Y
DDR1 Pass Y Y Y Y
Dkk-4 Pass Y Y Y Y Y
DRAXIN Pass Y Y Y
EDA2R Pass Y Y Y
EFNA4 Pass Y Y Y Y Y
EPHB6 Pass Y Y Y Y
EZR Pass Y Y
FcRL2 Pass Y Y
FLRT2 Pass Y Y Y Y
G-CSF Fail Y Y Y
gal-8 Pass Y Y Y
GDF-8 Pass Y Y
GDNF Fail Y Y Y
GDNFR-alpha-3 Pass Y Y Y Y Y
GFR-alpha-1 Pass Y Y
GM-CSF-R-alpha Pass Y Y
GPC5 Pass Y Y
GZMA Pass Y Y
HAGH Pass Y Y

18



Table 5: Table of variables significantly associated with neurology
panel protein concentrations (continued)

Pa
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IL-5R-alpha Pass Y Y
IL12 Pass Y Y Y Y
JAM-B Pass Y Y Y
KYNU Pass Y Y Y Y
LAIR-2 Pass Y Y Y Y
LAT Pass Y Y Y Y
LAYN Pass Y Y Y
LXN Fail Y Y
MANF Pass Y Y Y
MAPT Fail Y
MATN3 Pass Y Y Y
MDGA1 Pass Y Y
MSR1 Pass Y Y Y
N-CDase Pass Y Y Y
N2DL-2 Pass Y Y Y
NAAA Pass Y Y Y
NBL1 Pass Y Y
NCAN Pass Y Y Y Y
NEP Pass Y Y Y
NMNAT1 Pass Y Y
Nr-CAM Pass Y Y Y
NRP2 Pass Y Y
NTRK2 Pass Y Y Y Y
NTRK3 Pass Y Y Y Y
PDGF-R-alpha Pass Y Y Y Y
PLXNB1 Pass Y Y
PLXNB3 Pass Y Y Y Y Y
PRTG Pass Y Y
PVR Pass Y Y Y
RGMA Pass Y Y Y Y Y
RGMB Pass Y Y Y Y
ROBO2 Pass Y Y Y
RSPO1 Pass Y Y Y
SCARA5 Pass Y Y Y
SCARB2 Pass Y Y Y Y Y
SCARF2 Pass Y Y Y
sFRP-3 Pass Y Y
Siglec-9 Pass Y Y Y Y
SIGLEC1 Pass Y Y
SKR3 Pass Y Y Y
SMOC2 Pass Y Y Y Y
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Table 5: Table of variables significantly associated with neurology
panel protein concentrations (continued)
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SMPD1 Pass Y Y
SPOCK1 Pass Y Y Y Y Y
THY 1 Pass Y Y Y Y Y
TMPRSS5 Pass Y Y
TN-R Pass Y
TNFRSF12A Pass Y Y Y Y
TNFRSF21 Pass Y Y Y
UNC5C Pass Y Y Y
VWC2 Pass Y Y Y Y
WFIKKN1 Pass Y Y Y
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4 Proteins

This section provides some background on the biological function of each protein, plus distribution plots
and descriptive statistics from the Understanding Society proteomics dataset. Proteins that failed the 10%
below-limit-of-detection (LOD) threshold have been indicated, but were not omitted because the user may
still choose to include them in their analyses. Each protein’s LOD value has been indicated on its histogram
with a vertical line, where the x-axis limitations allow.

4.1 Sources of information

The following information was collated from several sources including Olink18, MedlinePlus19, GeneCards20,
The Human Protein Atlas21, UniProt22, NCBI23, ScienceDirect24, Nature25 and Springer Link26. Additional
sources were used, and the links to these sources are listed alongside their corresponding protein. Phrases
are often copied exactly, or very closely paraphrased, from their sources.

4.2 Limitations

The Understanding Society proteomics dataset contains protein concentrations measured in non-fasting
serum samples originating from human blood. While a certain amount is known about the function of each
protein, it is not always possible to know the significance of its concentration in the blood, as many of the
proteins carry out their roles in other tissues and organs (e.g. brain), or at local sites of inflammation in the
body. In this section, we have tried to include information regarding blood concentrations of the proteins
where possible, and links to some relevant research papers have been included for users to read, if desired.

18https://www.olink.com/
19https://medlineplus.gov/genetics/gene/
20https://www.genecards.org/
21https://www.proteinatlas.org/
22https://www.uniprot.org/
23https://www.ncbi.nlm.nih.gov/
24https://www.sciencedirect.com/
25https://www.nature.com/
26https://link.springer.com/
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4.3 Cardiometabolic panel proteins

4.3.1 ANG: Angiogenin

Alternative names: Ribonuclease 5, RNase 5

General information: This protein induces new blood vessel formation, so called “angiogenesis”. It is also
involved in processes that increase cell numbers, promote cell survival and regulate cell death. It works by
binding to the surface of cells, being transported into the cell and then to the nucleus where it has a number
of mechanisms of action including stimulation of ribosomal RNA synthesis. Serum levels of ANG have been
shown to be elevated in amyotrophic lateral sclerosis or motor neurone disease and decreased in those with
psoriasis.

Biological process information: Angiogenesis, differentiation, stress response

Additional references used: https://dx.doi.org/10.13865%2Fj.cnki.cjbmb.2015.12.05, http://dx.doi.org/10.
1136/jnnp-2013-307168, https://doi.org/10.1111/j.1365-2230.2012.04345.x

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.865 6.459 6.759 6.773 7.064 10.477

Standard deviation: 0.5078

Factors significantly associated with ANG: Age, Sex
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4.3.2 ANGPTL3: Angiopoietin-related protein 3

Alternative names: Angiopoietin-5, ANG-5, Angiopoietin-like protein 3

General information: ANGPTL3 regulates the levels of different lipids, or fats, in the blood. It increases
blood levels of “high density lipoprotein cholesterol” and helps “very low density lipoprotein triglycerides” to
become incorporated into fatty tissue for storage after a meal, rather than into “oxidative tissues” (skeletal
muscle, heart and brown adipose tissue). It also has a role in blood vessel formation. Circulating ANGPTL3
levels have been associated with liver impairment and inflammation, which are risk factors for cardiovascular
disease.

Biological process information: Angiogenesis, cell adhesion, lipid metabolism

Additional references used: https://doi.org/10.1007/s12020-015-0838-9, https://doi.org/10.1073/pnas.
1515374112, https://doi.org/10.1371/journal.pone.0193731

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.095 5.411 5.727 5.721 6.045 7.946

Standard deviation: 0.4897

Factors significantly associated with ANGPTL3: Age, Sex

ANGPTL3 histogram with normal curve

ANGPTL3 NPX values

F
re

qu
en

cy

3 4 5 6 7 8

0
50

10
0

15
0

20
0

25
0

30
0

35
0

−4 −2 0 2 4

3
4

5
6

7
8

ANGPTL3 q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

23

https://doi.org/10.1007/s12020-015-0838-9
https://doi.org/10.1073/pnas.1515374112
https://doi.org/10.1073/pnas.1515374112
https://doi.org/10.1371/journal.pone.0193731


4.3.3 AOC3: Membrane primary amine oxidase

Alternative names: Copper amine oxidase, HPAO, Semicarbazide-sensitive amine oxidase, SSAO, Vascular
adhesion protein 1, VAP-1

General information: AOC3 is found on the cell surface. It has adhesive properties, but could also play an
important role in the control of energy balance in fatty tissue, and in the movement of white blood cells to
sites of action. Altered levels of AOC3 may be associated with many diseases including diabetes. Plasma
levels of AOC3 have been shown to be increased in patients with severe Alzheimer’s disease.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1016/j.neulet.2005.04.074

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.489 3.203 3.430 3.430 3.657 5.130

Standard deviation: 0.3538

Factors significantly associated with AOC3: Age

AOC3 histogram with normal curve

AOC3 NPX values
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4.3.4 APOM: Apolipoprotein M

Alternative names: Protein G3a, Apo-M, ApoM

General information: APOM is involved in the transport of lipids, or fats, and protects against atherosclerosis,
a process which can lead to cardiovascular disease. Serum APOM concentrations are higher in patients
with hyperlipidemia (elevated blood fats) than in healthy controls. Low serum levels of APOM seem to be
associated with primary nephrotic syndrome (a kidney disorder involving excessive loss of protein through
the urine).

Biological process information: Lipid transport, transport

Additional references used: https://doi.org/10.1111/jcmm.15521, https://doi.org/10.1186/s12944-017-0556-
9

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.038 5.976 6.221 6.214 6.453 8.742

Standard deviation: 0.3956

Factors significantly associated with APOM: Age Squared

APOM histogram with normal curve

APOM NPX values
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4.3.5 C1QTNF1: Complement C1q tumour necrosis factor-related protein 1

Alternative names: G protein-coupled receptor-interacting protein, GIP

General information: C1QTNF1 belongs to a family of molecules found in fatty tissues which are involved in
fat metabolism and inflammation. It is also found in the heart and blood vessels, and regulates cardiovascu-
lar functions. C1QTNF1 has been shown to associate with cardiovascular disease risk factors. Increased
serum levels of C1QTNF1 have been linked with type 2 diabetes and ischemic heart disease, and have
been found to predict the incidence of major cardiovascular events.

Biological process information: Regulation of aldosterone secretion / calcium ion concentration / gene ex-
pression / MAPK cascade / platelet activation / protein kinase B signaling / metabolic process

Additional references used: https://www.ahajournals.org/doi/abs/10.1161/circ.138.suppl_1.14687, https://
doi.org/10.1007/s13258-020-00936-6

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.026 4.037 4.290 4.300 4.538 7.571

Standard deviation: 0.4133

Factors significantly associated with C1QTNF1: Age, Sex

C1QTNF1 histogram with normal curve
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4.3.6 C2: Complement C2

Alternative names: C3/C5 convertase

General information: The complement system is a group of proteins that work together to destroy foreign
invaders, trigger inflammation and remove debris from cells and tissues. C2 is part of the complement
system and helps regulate it. When a foreign invader is detected, complement is activated and C2 attaches
to a similar protein called complement component 4. Together, these proteins form a complex called C3
convertase, which triggers further activation of the pathway, allowing the proteins of the complement system
to participate in an immune response. A genetic variant in the C2 gene is associated with a type of liver
cancer, and the expression level of C2 has been associated with its prognosis.

Biological process information: Complement pathway, immunity, innate immunity

Additional references used: https://doi.org/10.1155/2020/3765937

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.327 6.484 6.726 6.709 6.963 8.371

Standard deviation: 0.421

Factors significantly associated with C2: Age, Age Squared, Sex, Transit Delay

C2 histogram with normal curve
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https://doi.org/10.1155/2020/3765937


4.3.7 CA1: Carbonic anhydrase 1

Alternative names: Carbonate dehydratase I, Carbonic anhydrase B, CAB, Carbonic anhydrase I, CA-I

General information: CA1 is found in red blood cells. It balances the pH of blood and facilitates the transport
of CO2 in the blood. Serum levels of CA1 have been shown to be elevated in breast and lung cancer, and
in sepsis.

Biological process information: Bicarbonate transport, interleukin-12-mediated signaling pathway, one-
carbon metabolic process

Additional references used: https://www.novusbio.com/common-name/carbonic-anhydrase-i-ca1,
https://doi.org/10.1186/s12885-015-1707-x, https://doi.org/10.1007/s13277-015-3834-z, https://doi.org/10.
1007/s10047-016-0936-3

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.581 6.331 6.931 7.072 7.644 11.942

Standard deviation: 1.103

Factors significantly associated with CA1: Sex, Transit Delay, Transit Delay Squared

CA1 histogram with normal curve
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https://www.novusbio.com/common-name/carbonic-anhydrase-i-ca1
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https://doi.org/10.1007/s10047-016-0936-3


4.3.8 CA3: Carbonic anhydrase 3

Alternative names: Carbonate dehydratase III, Carbonic anhydrase III, CA-III

General information: CA3 is present at high levels in skeletal muscle and at much lower levels in cardiac
and smooth muscle. A proportion of Duchenne muscular dystrophy carriers have a higher plasma CA3 level
than normal. It can be used as a marker of muscle stress.

Biological process information: Bicarbonate transport, one-carbon metabolic process, response to bac-
terium, response to ethanol, response to oxidative stress

Additional references used: https://doi.org/10.1186/s12967-016-0907-8

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.7769 1.7359 2.0473 2.1705 2.4426 10.2072

Standard deviation: 0.7186

Factors significantly associated with CA3: Age, Sex, Transit Delay, Transit Delay Squared

CA3 histogram with normal curve
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https://doi.org/10.1186/s12967-016-0907-8


4.3.9 CA4: Carbonic anhydrase 4

Alternative names: Carbonate dehydratase IV, Carbonic anhydrase IV, CA-IV

General information: CA4 has an essential role in eye health, removing acid from the retina. It is also
found in the lung and kidney. It may be involved in pH regulation and may have a role in inherited kidney
abnormalities of bicarbonate transport.

Biological process information: Bicarbonate transport, one-carbon metabolic process

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.480 1.941 2.134 2.152 2.330 6.557

Standard deviation: 0.338

Factors significantly associated with CA4: Age, Transit Delay, Transit Delay Squared

CA4 histogram with normal curve
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4.3.10 CCL14: C-C motif chemokine 14

Alternative names: Chemokine CC-1/CC-3, HCC-1/HCC-3, HCC-1(1-74), NCC-2, Small-inducible cytokine
A14

General information: CCL14 is a signalling molecule that promotes the directional movement of certain
types of white blood cells: monocytes, eosinophils and T-lymphoblasts. It is found in several tissues and
is involved in several cancers. It also induces changes in the concentration of calcium inside cells, and
induces the release of enzymes in a type of white blood cell called monocytes.

Biological process information: Cellular calcium ion homeostasis, cellular response to interferon-gamma
/ interleukin-1 / tumour necrosis factor, chemokine-mediated signaling pathway, chemotaxis, G protein-
coupled receptor signaling pathway, inflammatory response, positive regulation of cell population prolifera-
tion / ERK1 and ERK2 cascade / GTPase activity

Additional references used: https://doi.org/10.3892/ol.2020.11378

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.442 6.502 6.762 6.760 7.017 11.090

Standard deviation: 0.4365

Factors significantly associated with CCL14: Age, Age Squared, Transit Delay

CCL14 histogram with normal curve
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4.3.11 CCL18: C-C motif chemokine 18

Alternative names: Alternative macrophage activation-associated CC chemokine 1, AMAC-1, CC
chemokine PARC, Dendritic cell chemokine 1, DC-CK1, Macrophage inflammatory protein 4, MIP-4,
Pulmonary and activation-regulated chemokine, Small-inducible cytokine A18

General information: CCL18 is an immune system protein that attracts and activates certain types of white
blood cells. It has been shown to promote cancer and fibrosis (scarring caused by prolonged inflammation).
A study found that circulating CCL18 correlates with insulin resistance and metabolic risk in women.

Biological process information: Chemotaxis, inflammatory response

Additional references used: https://doi.org/10.1210/jc.2016-2390, https://doi.org/10.1016/j.cyto.2018.01.
023

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.978 6.135 6.593 6.619 7.068 12.328

Standard deviation: 0.7567

Factors significantly associated with CCL18: Age, Age Squared, Sex

CCL18 histogram with normal curve

CCL18 NPX values
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https://doi.org/10.1210/jc.2016-2390
https://doi.org/10.1016/j.cyto.2018.01.023
https://doi.org/10.1016/j.cyto.2018.01.023


4.3.12 CCL5: C-C motif chemokine 5

Alternative names: EoCP, Eosinophil chemotactic cytokine, SIS-delta, Small-inducible cytokine A5, T-cell-
specific protein P228, TCP228, T-cell-specific protein RANTES

General information: CCL5 promotes the directional movement of immune cells and plays an important role
in inflammatory diseases. It recruits certain types of white blood cells into areas of inflammation. Evidence
suggests that it may inhibit the entry of HIV into target cells. While CCL5 has a role in immune responses
against tumours, it is also associated with cancer-promoting processes: carcinogenesis, stroma genesis,
cancer progression and metastasis. CCL5 may also play a role in insulin secretion. CCL5 levels in the
plasma have been shown to correlate with lumbar disc degeneration.

Biological process information: Chemotaxis, inflammatory response

Additional references used: https://doi.org/10.1038/s41598-018-19643-0, https://doi.org/10.1007/s00125-
013-3022-x, https://doi.org/10.1126/science.270.5243.1811, https://journals.lww.com/spinejournalabstracts/
Fulltext/2015/00001/CIRCULATING_CCL5_RANTES__A_POTENTIAL_BIOMARKER_FOR.34.aspx

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.960 5.212 5.618 5.613 6.005 10.685

Standard deviation: 0.6433

Factors significantly associated with CCL5: Sex, Transit Delay

CCL5 histogram with normal curve
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https://journals.lww.com/spinejournalabstracts/Fulltext/2015/00001/CIRCULATING_CCL5_RANTES__A_POTENTIAL_BIOMARKER_FOR.34.aspx


4.3.13 CD46: Membrane cofactor protein

Alternative names: TLX, Trophoblast leukocyte common antigen

General information: CD46 is expressed on all human cells with a nucleus. Its primary function is to protect
“self” cells (as opposed to pathogens) from complement attack. It also promotes the maturation of specific
immune cells which are thought to prevent autoimmunity. CD46 is also involved in sperm-egg fusion during
the fertilisation process, and has a role in early infection. CD46 levels in the plasma have been found to be
lower in patients with coronary artery disease compared to healthy subjects.

Biological process information: Complement pathway, fertilization, host-virus interaction, immunity, innate
immunity

Additional references used: https://dx.doi.org/10.1016%2Fj.imbio.2011.06.003, https://doi.org/10.3389/
fimmu.2019.02072

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.513 4.897 5.149 5.143 5.396 7.767

Standard deviation: 0.3898

Factors significantly associated with CD46: Age, Transit Delay, Transit Delay Squared

CD46 histogram with normal curve
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https://dx.doi.org/10.1016%2Fj.imbio.2011.06.003
https://doi.org/10.3389/fimmu.2019.02072
https://doi.org/10.3389/fimmu.2019.02072


4.3.14 CD59: CD59 glycoprotein

Alternative names: 1F5 antigen, 20 kDa homologous restriction factor, HRF-20, HRF20, MAC-inhibitory
protein, MAC-IP, MEM43 antigen, Membrane attack complex inhibition factor, MACIF, Membrane inhibitor
of reactive lysis, MIRL, Protectin, CD59

General information: CD59 is found on cell surfaces. It regulates complement-mediated lysis (disruption of
the outer membrane) of cells and newly grown blood vessels, and is involved in transmitting chemical signals
within a type of white blood cell called lymphocytes. A recent study found that plasma CD59 concentration
was positively correlated with severe features of preeclampsia, such as increased blood pressure and end-
organ injury.

Biological process information: Blood coagulation, cell surface receptor signaling pathway, COPII vesicle
coating, endoplasmic reticulum to Golgi vesicle-mediated transport, neutrophil degranulation, regulation of
complement activation

Additional references used: http://atlasgeneticsoncology.org/Genes/GC_CD59.html, https://doi.org/10.
1016/j.preghy.2020.10.004

Min. 1st Qu. Median Mean 3rd Qu. Max.
-1.1109 0.5776 0.7929 0.8647 1.0506 4.8064

Standard deviation: 0.4673

Factors significantly associated with CD59: Age, Age Squared, Sex, Transit Delay, Transit Delay Squared

CD59 histogram with normal curve
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http://atlasgeneticsoncology.org/Genes/GC_CD59.html
https://doi.org/10.1016/j.preghy.2020.10.004
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4.3.15 CDH1: Cadherin-1

Alternative names: CAM 120/80, Epithelial cadherin, E-cadherin, Uvomorulin, CD324

General information: CDH1 is a cell adhesion molecule found in in epithelial tissues, such as the intestinal
lining. It is involved in transmitting chemical signals within cells, controlling cell maturation and movement
and regulating the activity of certain genes. CDH1 also acts as a tumour suppressor. Plasma levels of CDH1
have been correlated with emphysema.

Biological process information: Cell adhesion

Additional references used: https://dx.doi.org/10.1186%2F1475-2867-3-17, https://doi.org/10.1186/
s12931-014-0127-9

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.984 3.234 3.504 3.513 3.764 6.109

Standard deviation: 0.4359

Factors significantly associated with CDH1: Age, Age Squared, Sex

CDH1 histogram with normal curve
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4.3.16 CES1: Liver carboxylesterase 1

Alternative names: Acyl-coenzyme A:cholesterol acyltransferase, ACAT, Brain carboxylesterase hBr1, Car-
boxylesterase 1 , CE-1, hCE-1, Cholesteryl ester hydrolase, CEH, Cocaine carboxylesterase, Egasyn,
HMSE, Methylumbelliferyl-acetate deacetylase 1, Monocyte/macrophage serine esterase, Retinyl ester hy-
drolase, REH, Serine esterase 1, Triacylglycerol hydrolase, TGH

General information: CES1 is a major liver enzyme, having a specific role in the clearance of drugs such
as cocaine. It may also play a role in the blood-brain barrier system. CES1 is normally present at low-to-
undetectable levels in normal human plasma.

Biological process information: Angiotensin maturation, cellular response to cholesterol / low-density lipopro-
tein, cholesterol homeostasis, epithelial cell differentiation, metabolic process, regulation of cholesterol stor-
age / bile acid secretion, response to toxic substance, xenobiotic metabolic process

Additional references used: https://doi.org/10.1021/acs.jproteome.0c00787

This protein failed QC. The below-limit-of-detection rate was 53.984 %

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
-0.1074 2.0328 2.3926 2.4879 2.8240 8.7653 2

Standard deviation: 0.717

Factors significantly associated with CES1: Age, Age Squared, Sex, Transit Delay

CES1 histogram with normal curve
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4.3.17 CFHR5: Complement factor H-related protein 5

Alternative names: No additional names available

General information: CFHR5 regulates a part of the immune system known as the complement system: a
group of proteins that work together to destroy foreign invaders, trigger inflammation and remove debris
from cells and tissues. A study found that plasma levels of CFHR5 were related to lupus severity.

Biological process information: Complement activation, cytolysis by host of symbiont cells, negative regula-
tion of protein binding, regulation of complement activation

Additional references used: https://doi.org/10.1016/j.imbio.2019.03.005

Min. 1st Qu. Median Mean 3rd Qu. Max.
5.263 7.887 8.194 8.183 8.477 11.203

Standard deviation: 0.4835

Factors significantly associated with CFHR5: Sex

CFHR5 histogram with normal curve

CFHR5 NPX values

F
re

qu
en

cy

6 7 8 9 10 11

0
50

10
0

15
0

20
0

25
0

30
0

−4 −2 0 2 4

6
7

8
9

10
11

CFHR5 q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

38

https://doi.org/10.1016/j.imbio.2019.03.005


4.3.18 CHL1: Neural cell adhesion molecule L1-like protein

Alternative names: No additional names available

General information: CHL1 is a neural cell adhesion molecule that plays important functional roles in the
developing and adult nervous system. It is important for many neural cell processes including proliferation,
migration, differentiation, survival, synaptic plasticity and regeneration after injury. CHL1 may also play a
role in the growth of certain cancers, and serum levels may be a useful diagnostic and prognostic marker in
patients with gastrointestinal stromal tumours.

Biological process information: Cell adhesion, differentiation, neurogenesis

Additional references used: https://doi.org/10.1016/j.neuron.2006.10.020, https://doi.org/10.1523/
JNEUROSCI.3280-13.2014, https://dx.doi.org/10.18632%2Foncotarget.27525

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.893 3.468 3.672 3.691 3.890 6.080

Standard deviation: 0.3499

Factors significantly associated with CHL1: Age

CHL1 histogram with normal curve
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4.3.19 CNDP1: Beta-Ala-His dipeptidase

Alternative names: CNDP dipeptidase 1, Carnosine dipeptidase 1, Glutamate carboxypeptidase-like protein
2, Serum carnosinase

General information: CNDP1 is expressed in the brain and liver. Genetic variants of the protein are as-
sociated with a range of neurological and metabolic diseases, and with concentrations of CNDP1 in the
serum. Serum CNDP1 levels have been found to correlate with renal function in patients with type 2 di-
abetes, and plasma levels of CNDP1 may be a useful marker of aggressive gastrointestinal cancer and
associated cachexia (wasting).

Biological process information: Proteolysis, regulation of cellular protein metabolic process

Additional references used: https://doi.org/10.1007/s00726-018-02692-0, https://doi.org/10.1371/journal.
pone.0123566

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.5272 4.9374 5.2714 5.2128 5.5540 7.0334

Standard deviation: 0.5222

Factors significantly associated with CNDP1: Age, Age Squared

CNDP1 histogram with normal curve
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4.3.20 COL18A1: Collagen alpha-1(XVIII) chain

Alternative names: No additional names available

General information: There are three COL18A1 proteins, called alpha 1 subunits, which attach to each
other to form collagen XVIII. Collagen XVIII is found in basement membranes: thin, sheet-like structures
that separate and support cells. There are three versions, or “isoforms”, of the alpha 1 subunit of collagen
XVIII, which form three different lengths of the collagen XVIII protein. The short version of collagen XVIII is
found throughout the body, including several parts of the eye. The two longer versions are found primarily
in the liver. A piece of collagen XVIII can be cut off to form the protein endostatin. Endostatin can block
the formation of blood vessels (angiogenesis) and is known as an anti-angiogenic factor. All of the isoforms
seem to be involved in normal development of the eye.

Biological process information: Cell adhesion

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.711 3.241 3.461 3.489 3.702 6.738

Standard deviation: 0.3965

Factors significantly associated with COL18A1: Age, Age Squared, Sex, Transit Delay

COL18A1 histogram with normal curve
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4.3.21 COMP: Cartilage oligomeric matrix protein

Alternative names: COMP, Thrombospondin-5, TSP5

General information: COMP is found in the extracellular matrix - the material surrounding cells - in tissues
such as cartilage, where it is thought to help maintain structural integrity. Studies have shown that serum lev-
els of COMP are correlated with cartilage degradation in joint diseases such as osteoarthritis and rheumatoid
arthritis. Blood levels of COMP have been shown to relate to several other diseases: it might be prognos-
tic for biliary atresia patients who have undergone the Kasai operation, and plasma levels of COMP are
significantly increased in patients with colorectal cancer.

Biological process information: Apoptosis, cell adhesion

Additional references used: https://www.biovendor.com/cartilage-oligomeric-matrix-protein?utm_source=
google&utm_medium=organic, https://doi.org/10.1038/s41598-021-95805-x

Min. 1st Qu. Median Mean 3rd Qu. Max.
4.327 7.288 7.624 7.608 7.942 10.080

Standard deviation: 0.511

Factors significantly associated with COMP: Age, Sex, Transit Delay

COMP histogram with normal curve
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4.3.22 CR2: Complement receptor type 2

Alternative names: Complement C3d receptor, Epstein-Barr virus receptor, EBV receptor, CD21

General information: The complement system is a group of proteins that work together to destroy foreign
invaders, trigger inflammation and remove debris from cells and tissues. CR2 is part of the complement
system and is involved in the normal immune response and autoimmunity. It can bind with the Epstein-Barr
virus and several other molecules. Decreased serum CR2 levels have been reported in multiple sclerosis
and other autoimmune diseases.

Biological process information: Complement pathway, host-virus interaction, immunity, innate immunity

Additional references used: https://doi.org/10.2174/1389203717666151201192124, https://doi.org/10.
1016/j.clim.2016.04.003

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.966 6.048 6.406 6.404 6.756 10.719

Standard deviation: 0.5637

Factors significantly associated with CR2: Age, Age Squared

CR2 histogram with normal curve
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4.3.23 CRTAC1: Cartilage acidic protein 1

Alternative names: 68 kDa chondrocyte-expressed protein, CEP-68, ASPIC

General information: CRTAC1 is found in cartilage, specifically in the extracellular matrix (material surround-
ing cells). It may be involved in cell-cell or cell-matrix interactions. Plasma levels of CRTAC1 have been
found to associate with osteoarthritis, and predict progression to joint replacements. CRTAC1 is a marker
of lung health when measured in certain lung cells, and a study found that this was mirrored in plasma.

Biological process information: Calcium ion binding

Additional references used: https://doi.org/10.1002/ART.41793, https://dx.doi.org/10.2139/ssrn.3538700

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
1.029 3.037 3.412 3.439 3.816 6.046 1

Standard deviation: 0.5898

Factors significantly associated with CRTAC1: Age, Sex, Transit Delay

CRTAC1 histogram with normal curve
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4.3.24 CST3: Cystatin-C

Alternative names: Cystatin-3, Gamma-trace, Neuroendocrine basic polypeptide, Post-gamma-globulin

General information: CST3 is found in many of the body’s tissues and fluids, including blood, and especially
in the fluid that surrounds and protects the brain and spinal cord (the cerebrospinal fluid or CSF). It inhibits
the activity of enzymes called cathepsins that degrade other proteins. By inhibiting these enzymes, CST3
plays an important role in several disease processes including atherosclerosis, tumour metastasis, chronic
kidney diseases and inflammatory conditions. Levels of CST3 in the serum are inversely correlated with
the diameter of the abdominal aorta, and positively correlated with plaques in patients with unstable angina.
Plasma CST3 has been associated with the polygenic risk score for chronic kidney disease.

Biological process information: Amyloid fibril formation, defense response, metabolic process, regu-
lation of extracellular matrix disassembly / proteolysis / tissue remodeling, neutrophil degranulation,
post-translational protein modification, supramolecular fibre organization

Additional references used: https://doi.org/10.1038/s41598-020-61383-7, https://doi.org/10.1038/s42255-
021-00478-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.876 6.110 6.423 6.454 6.755 10.182

Standard deviation: 0.5422

Factors significantly associated with CST3: Age, Age Squared, Sex

CST3 histogram with normal curve
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4.3.25 DEFA1: Neutrophil defensin 1

Alternative names: Defensin alpha 1, HNP-1, HP-1, HP1

General information: DEFA1 is a member of the defensins, a family of antimicrobial peptides thought to be
involved in defense against pathogens. Defensins are abundant in neutrophils - immune cells that engulf
pathogens - and are also found in the lining of the intestine, respiratory tract, urinary tract, and vagina. There
is evidence that DEFA1 is also secreted by platelets.

Biological process information: Antiviral defense

Additional references used: https://doi.org/10.1080/09537104.2019.1615612

This protein failed QC. The below-limit-of-detection rate was 37.25 %

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
-0.7182 1.3857 2.0700 2.2215 2.9055 8.6508 340

Standard deviation: 1.167

Factors significantly associated with DEFA1: Age, Transit Delay, Transit Delay Squared

DEFA1 histogram with normal curve
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4.3.26 DPP4: Dipeptidyl peptidase 4

Alternative names: ADABP, Adenosine deaminase complexing protein 2, ADCP-2, Dipeptidyl peptidase IV,
DPP IV, T-cell activation antigen CD26, TP103, CD26

General information: DPP4 is found on cell surfaces. It works by breaking up various signalling proteins
in the blood and, in doing so, regulates various physiological processes. It was found to be a receptor
for Middle East respiratory syndrome coronavirus (MERS-CoV), and protein modeling suggests that it may
play a similar role with SARS-CoV-2, the virus responsible for COVID-19. It may also have a role in tumour
biology, as its expression levels have been associated with cancer progression and malignancy. Measuring
the levels of circulating DPP4 may also be useful in assessing patients with non-alcoholic fatty liver disease.

Biological process information: Cell adhesion

Additional references used: https://dx.doi.org/10.3389%2Ffonc.2020.00405, https://doi.org/10.1007/
s40618-020-01392-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.515 4.468 4.713 4.714 4.974 6.968

Standard deviation: 0.3965

Factors significantly associated with DPP4: Age, Age Squared, Sex

DPP4 histogram with normal curve
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4.3.27 EFEMP1: EGF-containing fibulin-like extracellular matrix protein 1

Alternative names: Extracellular protein S1-5, Fibrillin-like protein, Fibulin-3, FIBL-3

General information: EFEMP1 is found in several developing and adult tissues. It works by sending chemical
signals and has possible roles in many processes, including bone formation and neuron growth. EFEMP1
may play a role in the aggressive nature of malignant gliomas (a type of tumour). Mutations in the EFEMP1
gene are associated with an eye disease called Doyne honeycomb retinal dystrophy. Serum EFEMP1 levels
could serve as a biomarker for the diagnosis and prognosis of osteosarcoma (a type of bone tumour).

Biological process information: Epidermal growth factor receptor signaling pathway, eye morphogenesis,
regulation of chondrocyte differentiation / transcription, peptidyl-tyrosine phosphorylation, visual perception

Additional references used: https://doi.org/10.1155/2020/5264265

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.851 4.741 5.028 5.057 5.347 7.593

Standard deviation: 0.4848

Factors significantly associated with EFEMP1: Age, Age Squared

EFEMP1 histogram with normal curve
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4.3.28 ENG: Endoglin

Alternative names: CD105

General information: ENG is found on the cell surface, especially the lining of developing arteries. Together
with growth factors and other proteins, it forms a complex which plays a role in the specialisation of new blood
vessels into arteries or veins. There is evidence that serum ENG levels may predict diabetes-associated
pathologies such as hypertension, endothelial dysfunction and cardiovascular risk.

Biological process information: Angiogenesis, cell adhesion

Additional references used: https://doi.org/10.4103/jasmr.jasmr_20_17

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.3542 1.8713 2.0386 2.0329 2.1930 5.1719

Standard deviation: 0.2729

Factors significantly associated with ENG: Sex, Transit Delay

ENG histogram with normal curve
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4.3.29 F11: Coagulation factor XI

Alternative names: Factor XI

General information: F11 is a coagulation factor, one of the proteins of the coagulation system, which is
a series of chemical reactions that form blood clots. F11 circulates in the bloodstream in an inactive form
until the coagulation cascade is activated by an injury that damages blood vessels. When F11 is activated,
it interacts with other coagulation factors, resulting in conversion of an important coagulation protein called
prothrombin to its active form, thrombin. Thrombin then converts a protein called fibrinogen into fibrin, which
is the material that forms blood clots. A study found that an elevated plasma concentration of F11 may
increase risk for venous thromboembolism. They also found that a genetic variant previously associated
with F11 concentration was linked with venous thromboembolism in whites but not in African-Americans.

Biological process information: Blood coagulation, haemostasis

Additional references used: https://rarediseases.org/rare-diseases/factor-xi-deficiency/, https://doi.org/10.
1002/ajh.24168

Min. 1st Qu. Median Mean 3rd Qu. Max.
4.299 6.811 7.042 7.028 7.262 9.376

Standard deviation: 0.373

Factors significantly associated with F11: Age Squared, Sex

F11 histogram with normal curve
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4.3.30 F7: Coagulation factor VII

Alternative names: Proconvertin, Serum prothrombin conversion accelerator, SPCA, INN: Eptacog alfa

General information: F7 is a coagulation factor, one of the proteins of the coagulation system, which is a
series of chemical reactions that form blood clots. It is made primarily by cells in the liver, after which it
circulates in the bloodstream in an inactive form until the coagulation system is activated by an injury that
damages blood vessels. Activated F7 helps activate other coagulation factors in turn, eventually converting
an important coagulation protein called fibrinogen into fibrin, which is the material that forms blood clots. A
study showed that circulating levels of F7 in mid-life women were associated with coronary artery calcifica-
tion, a risk factor for heart attacks.

Biological process information: Blood coagulation, haemostasis

Additional references used: https://dx.doi.org/10.1097%2FGME.0000000000000605

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.077 3.604 3.845 3.843 4.078 5.571

Standard deviation: 0.3748

Factors significantly associated with F7: Age, Sex, Transit Delay

F7 histogram with normal curve
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4.3.31 FAP: Prolyl endopeptidase FAP

Alternative names: 170 kDa melanoma membrane-bound gelatinase, Dipeptidyl peptidase FAP, Fibroblast
activation protein alpha, FAPalpha, Gelatine degradation protease FAP, Integral membrane serine protease,
Post-proline cleaving enzyme, Serine integral membrane protease, SIMP, Surface-expressed protease,
Seprase

General information: FAP is found on the cell surface. It works by degrading certain proteins, and is involved
in cellular processes such as wound healing, tissue remodelling, fibrosis and inflammation. It may also
contribute to tumour growth. The expression of FAP is low in healthy tissues but is markedly higher in
disease states, suggesting it may be a useful biomarker of disease and a target for drug intervention.

Biological process information: Angiogenesis, apoptosis, cell adhesion

Additional references used: https://www.fbscience.com/Landmark/articles/pdf/Landmark4706.pdf

This protein failed QC. The below-limit-of-detection rate was 93.781 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.3232 1.0211 1.2097 1.2066 1.3917 7.0757

Standard deviation: 0.3373

Factors significantly associated with FAP: Sex

FAP histogram with normal curve

FAP NPX values

F
re

qu
en

cy

0 2 4 6

0
20

0
40

0
60

0
80

0

LOD: 1.61

−4 −2 0 2 4

0
2

4
6

FAP q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

52

https://www.fbscience.com/Landmark/articles/pdf/Landmark4706.pdf


4.3.32 FCGR2A: Low affinity immunoglobulin gamma Fc region receptor II-a

Alternative names: IgG Fc receptor II-a, CDw32, Fc-gamma RII-a, Fc-gamma-RIIa, FcRII-a, CD32

General information: FCGR2A is found on the surface of immune cells that engulf and clear away “immune
complexes”. An immune complex is defined as an antibody bound to an antigen (a molecule that triggers an
immune response). Immune complexes are part of a normal immune response. However, when they accu-
mulate in the blood they can cause autoimmune disorders, infections, and malignancies. Genetic variation
in FCGR2A has been associated with the susceptibility to inflammation-related diseases such as atheroscle-
rosis, Takayasu arteritis, lupus and ulcerative colitis. It may also have a role in cancers such as head and
neck squamous cell carcinoma.

Biological process information: Immunity

Additional references used: https://clinicalinfo.hiv.gov/en/glossary/immune-complex, https://doi.org/10.
1155/2021/8874578

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.215 3.187 3.521 3.467 3.816 5.638

Standard deviation: 0.5595

Factors significantly associated with FCGR2A: Age, Transit Delay

FCGR2A histogram with normal curve
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4.3.33 FCGR3B: Low affinity immunoglobulin gamma Fc region receptor III-B

Alternative names: Fc-gamma RIII-beta, Fc-gamma RIII, Fc-gamma RIIIb, FcRIII, FcRIIIb, FcR-10, IgG Fc
receptor III-1, CD16b

General information: FCGR3B is thought to capture “immune complexes” in the peripheral circulation. An
immune complex is defined as an antibody bound to an antigen (a molecule that triggers an immune re-
sponse). Immune complexes are part of a normal immune response. However, when they accumulate in
the blood they can cause autoimmune disorders, infections, and malignancies. FCGR3B has been linked
to autoimmune diseases.

Biological process information: Cell surface receptor signaling pathway, immune response, neutrophil de-
granulation, regulation of immune response

Additional references used: https://clinicalinfo.hiv.gov/en/glossary/immune-complex, https://doi.org/10.
3892/etm.2017.5069

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.211 3.104 3.438 3.419 3.759 5.536

Standard deviation: 0.5028

Factors significantly associated with FCGR3B: Age, Sex, Transit Delay

FCGR3B histogram with normal curve
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4.3.34 FCN2: Ficolin-2

Alternative names: 37 kDa elastin-binding protein, Collagen/fibrinogen domain-containing protein 2, EBP-
37, Ficolin-B, Ficolin-beta, Hucolin, L-ficolin, Serum lectin p35

General information: FCN2 is a protein of the immune system, mostly found in the liver. It enhances the
ability of certain immune cells (neutrophils) to engulf pathogens, and may activate the lectin complement
pathway (which destroys foreign invaders, triggers inflammation and removes debris from cells and tissues).
A study found that FCN2 levels in the serum were correlated with liver inflammation in patients with chronic
hepatitis C. Decreased serum FCN2 levels have been associated with a low platelet count in lupus patients.

Biological process information: Complement activation lectin pathway, immunity, innate immunity

Additional references used: https://dx.doi.org/10.21608/ejhm.2018.21914, https://doi.org/10.3109/s10165-
012-0616-y

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.5643 5.5762 5.9452 5.9017 6.2854 8.1122

Standard deviation: 0.5739

Factors significantly associated with FCN2: Age, Age Squared, Sex, Transit Delay

FCN2 histogram with normal curve
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4.3.35 FETUB: Fetuin-B

Alternative names: 16G2, Fetuin-like protein IRL685, Gugu

General information: FETUB is required for egg fertilization. It may block the activity of an enzyme which
otherwise hardens the ovum membrane. However, it is thought to have roles in a range of processes, and
is a potential biomarker for lung function in chronic obstructive pulmonary disease. Plasma FETUB levels
have been found to be higher in obese children with vitamin D deficiency.

Biological process information: Fertilization

Additional references used: http://dx.doi.org/10.1038/srep30045, https://doi.org/10.1016/j.jsbmb.2018.04.
009

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.5797 1.6116 1.9290 1.9307 2.2329 4.6092

Standard deviation: 0.5302

Factors significantly associated with FETUB: Age, Sex

FETUB histogram with normal curve
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4.3.36 GAS6: Growth arrest-specific protein 6

Alternative names: AXL receptor tyrosine kinase ligand, GAS-6

General information: GAS6 enhances cell survival and has a role in several different processes, such as
natural killer cell development, liver regeneration, neuron survival and platelet activation. It is implicated in
many cancers and other disease states, including venous thromboembolic disease, lupus, renal failure and
preeclampsia.

Biological process information: Growth regulation, host-virus interaction

Additional references used: https://doi.org/10.1160/th08-04-0253

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.969 4.701 4.927 4.930 5.153 7.231

Standard deviation: 0.3611

Factors significantly associated with GAS6: Age, Sex

GAS6 histogram with normal curve
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4.3.37 GNLY: Granulysin

Alternative names: Lymphokine LAG-2, Protein NKG5, T-cell activation protein 519

General information: GNLY is an antimicrobial protein that kills a range of different pathogens including
bacteria, fungi and parasites. It also plays an important role in anti-tumour immunity. Serum levels have
been shown to be lower in nasopharyngeal carcinoma patients but higher in nasopharyngitis patients. Serum
GNLY could also be a useful marker for alopecia and primary biliary cirrhosis.

Biological process information: Antimicrobial humoral immune response, cellular defense response, de-
fense response to bacterium, defense response to fungus, killing of cells of other organism

Additional references used: https://doi.org/10.1016/j.cca.2015.12.035, https://doi.org/10.4103/mmj.mmj_
45_19, https://doi.org/10.1007/s10875-008-9207-2

This protein failed QC. The below-limit-of-detection rate was 17.719 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.1777 1.1491 1.4029 1.4627 1.6992 6.5766

Standard deviation: 0.4851

Factors significantly associated with GNLY: Age, Transit Delay

GNLY histogram with normal curve
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4.3.38 GP1BA: Platelet glycoprotein Ib alpha chain

Alternative names: GP-Ib alpha, GPIb-alpha, GPIbA, Glycoprotein Ibalpha, Antigen CD42b-alpha, CD42b

General information: GP1BA is found on the surface of platelets. It helps to make platelet plugs which stop
bleeding at the site of an injury.

Biological process information: Blood coagulation, cell adhesion, haemostasis

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.694 6.353 6.591 6.581 6.812 8.304

Standard deviation: 0.3646

Factors significantly associated with GP1BA: Age, Transit Delay, Transit Delay Squared

GP1BA histogram with normal curve
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4.3.39 ICAM1: Intercellular adhesion molecule 1

Alternative names: Major group rhinovirus receptor, CD54

General information: ICAM1 is a key molecule in immune and inflammatory processes. Increased ICAM1
expression in breast, gastric and colorectal cancers is correlated with a better prognosis. Blood levels of
ICAM1 have been found to correlate with a range of conditions: diabetes, emphysema and survival of
COVID-19.

Biological process information: Cell adhesion, host-virus interaction

Additional references used: http://atlasgeneticsoncology.org/Genes/ICAM1ID40909ch19p13.html,
https://www.sciencedirect.com/topics/medicine-and-dentistry/intercellular-adhesion-molecule-1, https:
//dx.doi.org/10.1038%2Fs41598-018-29604-2, http://dx.doi.org/10.3389/fendo.2012.00179, https:
//doi.org/10.1016/j.jhepr.2021.100303, https://doi.org/10.1186/s12931-014-0127-9

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.836 6.246 6.491 6.503 6.761 8.639

Standard deviation: 0.4082

Factors significantly associated with ICAM1: Age

ICAM1 histogram with normal curve
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4.3.40 ICAM3: Intercellular adhesion molecule 3

Alternative names: CDw50, ICAM-R, CD50

General information: ICAM3 is an immune system protein present in all white blood cells. It is involved in
cell signalling and adhesion, and helps in the removal of dying immune cells. Increased circulating ICAM3
has been associated with a risk of acute ischemic stroke and with worse short-term functional outcomes of
stroke.

Biological process information: Cell adhesion, phagocytosis

Additional references used: https://doi.org/10.1007/s12640-021-00372-8

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.233 3.055 3.251 3.256 3.439 6.851

Standard deviation: 0.3242

Factors significantly associated with ICAM3: Age, Transit Delay

ICAM3 histogram with normal curve
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4.3.41 IGFBP3: Insulin-like growth factor-binding protein 3

Alternative names: IBP-3, IGF-binding protein 3, IGFBP-3

General information: IGFBP3 is one of the IGF-binding proteins. There is in vitro evidence that IGF-binding
proteins either inhibit or stimulate the growth-promoting effects of insulin-like growth factor proteins (IGFs)
which work with growth hormones to promote growth and development of bone and tissue, and can also
work with insulin to reduce blood glucose levels. In addition to its IGF-related roles, IGFBP3 has roles in
programmed cell death and works against cell proliferation. Serum IGFBP3may serve as a useful biomarker
of several autoimmune diseases and cancers.

Biological process information: Apoptotic process, cellular protein metabolic process

Additional references used: https://www.healthline.com/health/igf-diabetes, https://doi.org/10.3389/fendo.
2018.00499

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.242 4.185 4.460 4.429 4.717 6.012

Standard deviation: 0.4371

Factors significantly associated with IGFBP3: Age, Sex, Transit Delay

IGFBP3 histogram with normal curve
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4.3.42 IGFBP6: Insulin-like growth factor-binding protein 6

Alternative names: IBP-6, IGF-binding protein 6, IGFBP-6

General information: IGFBP6 is one of the IGF-binding proteins. It promotes the programmed death of some
cells and inhibits new blood vessel formation. In vitro, it has also been shown to inhibit processes induced by
insulin-like growth factor II, including cell proliferation, differentiation, migration and survival. Serum IGFBP6
is increased in type 1 diabetes and its complications.

Biological process information: Activation of MAPK activity, cell migration, cellular protein metabolic process,
negative regulation of canonical Wnt signaling pathway / cell population proliferation, regulation of insulin-
like growth factor receptor signaling pathway, signal transduction

Additional references used: https://dx.doi.org/10.1007%2Fs12079-015-0288-4, https://www.ncbi.nlm.nih.
gov/pmc/articles/PMC3403553/

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.874 5.363 5.629 5.659 5.907 8.650

Standard deviation: 0.4595

Factors significantly associated with IGFBP6: Age, Age Squared, Sex

IGFBP6 histogram with normal curve
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4.3.43 IGLC2: Immunoglobulin lambda constant 2

Alternative names: Ig lambda chain C region Kern, Ig lambda chain C region NIG-64, Ig lambda chain C
region SH, Ig lambda chain C region X, Ig lambda-2 chain C region

General information: IGLC2 forms part of antibodies, which are key proteins of the immune system. AL
amyloidosis is a disease in which protein deposits accumulate in tissues, and when these deposits contain
IGLC2 there is often a poor prognosis.

Biological process information: Adaptive immunity, immunity

Additional references used: https://doi.org/10.1182/blood.V124.21.3348.3348

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.483 5.781 6.136 6.169 6.522 8.736

Standard deviation: 0.5757

Factors significantly associated with IGLC2: Age, Age Squared, Sex

IGLC2 histogram with normal curve
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4.3.44 IL7R: Interleukin-7 receptor subunit alpha

Alternative names: CDw127, CD127, IL-7 receptor subunit alpha, IL-7R subunit alpha, IL-7R-alpha, IL-7RA

General information: IL7R is found in certain immune cells (B-cells and T-cells), and is a receptor for
interleukin-7 (a signalling molecule which regulates the activity of immune cells) and thymic stromal lym-
phopoietin (involved in proliferation and maturation of a variety of immune system cells). Defects in the
gene for IL7R may be associated with severe combined immunodeficiency. A common variant of the IL7R
gene causes it to be found inside the cell and may increase multiple sclerosis risk. Increased serum levels
have been associated with lupus.

Biological process information: Cell morphogenesis, cell signaling, defense response to Gram-positive bac-
terium, homeostasis, immune response, lymph node development, membrane organization, regulation of
T cell apoptotic process / T cell mediated cytotoxicity / cell population proliferation / gene expression / cell
size / DNA recombination

Additional references used: https://dx.doi.org/10.21608/zumj.2018.13222

This protein failed QC. The below-limit-of-detection rate was 22.953 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.3892 1.2565 1.5672 1.5759 1.8852 6.7428

Standard deviation: 0.4987

Factors significantly associated with IL7R: Transit Delay

IL7R histogram with normal curve
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4.3.45 ITGAM: Integrin alpha-M

Alternative names: CD11 antigen-like family member B, CR-3 alpha chain, Cell surface glycoprotein MAC-1
subunit alpha, Leukocyte adhesion receptor MO1, Neutrophil adherence receptor, CD11b

General information: ITGAM has a role in immune cell adhesion, and helps immune cells to engulf particles
that have been flagged for destruction. Its similarity to the mouse equivalent of this protein suggests that it
may regulate programmed cell death in some scenarios. Variants in the ITGAM gene are associated with
lupus.

Biological process information: Cell adhesion, immunity, innate Immunity

Additional references used: https://doi.org/10.1177%2F0961203318786432

This protein failed QC. The below-limit-of-detection rate was 79.422 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
-1.4568 -0.1217 0.1386 0.1850 0.4261 6.0222

Standard deviation: 0.5067

Factors significantly associated with ITGAM: Age, Transit Delay, Transit Delay Squared

ITGAM histogram with normal curve
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4.3.46 KIT: Mast/stem cell growth factor receptor Kit

Alternative names: SCFR, Piebald trait protein, PBT, Proto-oncogene c-Kit, Tyrosine-protein kinase Kit,
p145 c-kit, v-kit Hardy-Zuckerman 4 feline sarcoma viral oncogene homolog, CD117

General information: KIT is found on cell membranes and is involved in pathways which control many impor-
tant cellular processes such as cell growth and division, survival and movement. KIT signalling is important
for many cell types, including reproductive cells, blood cells, gastrointestinal cells and melanocytes, which
produce melanin, affecting hair, eye and skin colour. A study found that patients with gastrointestinal stromal
tumours had elevated serum KIT.

Biological process information: Apoptosis, cell differentiation / division / migration / proliferation, chemo-
taxis, haemopoiesis, inflammatory response, megakaryocyte development, metabolic process, multicellular
organism development, pigmentation, positive regulation of DNA-binding transcription factor activity / kinase
activity / long-term neuronal synaptic plasticity / smooth muscle contraction, protein autophosphorylation,
sensory perception of sound, signal transduction, spermatogenesis, visual learning

Additional references used: https://doi.org/10.1182/blood-2003-10-3443

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.156 4.285 4.532 4.528 4.774 7.461

Standard deviation: 0.3926

Factors significantly associated with KIT: Age, Age Squared, Transit Delay

KIT histogram with normal curve

KIT NPX values

F
re

qu
en

cy

2 3 4 5 6 7

0
10

0
20

0
30

0
40

0

LOD: 2.54

−4 −2 0 2 4

2
3

4
5

6
7

KIT q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

67

https://doi.org/10.1182/blood-2003-10-3443


4.3.47 LCN2: Neutrophil gelatinase-associated lipocalin

Alternative names: NGAL, 25 kDa alpha-2-microglobulin-related subunit of MMP-91, Lipocalin-2, Oncogene
24p3, Siderocalin, p25

General information: LCN2 is a protein with a wide range of roles. It is primarily an immune system protein
which limits the ability of bacteria to grow by removing the iron it needs. Mice lacking this gene are more
susceptible to bacterial infection than normal mice. It is also involved in programmed cell death, kidney
development, skin maintenance and cancer suppression. Serum LCN2 levels have been associated with
psoriasis, coronary artery disease and metabolic syndrome.

Biological process information: Apoptosis, immunity, innate immunity, ion transport, iron transport, transport

Additional references used: https://doi.org/10.1111/j.1365-2230.2011.04265.x, https://doi.org/10.1186/
1475-2840-12-176

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.7026 2.0577 2.5512 2.5184 2.9984 5.4054

Standard deviation: 0.6918

Factors significantly associated with LCN2: Age, Transit Delay, Transit Delay Squared

LCN2 histogram with normal curve
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4.3.48 LILRB1: Leukocyte immunoglobulin-like receptor subfamily B member 1

Alternative names: LIR-1, Leukocyte immunoglobulin-like receptor 1, CD85 antigen-like family member J,
Immunoglobulin-like transcript 2, ILT-21 Publication, Monocyte/macrophage immunoglobulin-like receptor 7,
MIR-7, CD85j

General information: LILRB1 is an immune cell surface receptor which recognises “self” proteins on the
surfaces of cells. It is thought to play a role in limiting the immune response so that it focuses on invaders
and doesn’t start to attack the “self”.

Biological process information: Adaptive immunity, immunity

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.2337 2.0086 2.2169 2.2278 2.4444 4.5609

Standard deviation: 0.3531

Factors significantly associated with LILRB1: Age, Sex, Transit Delay

LILRB1 histogram with normal curve
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4.3.49 LILRB2: Leukocyte immunoglobulin-like receptor subfamily B member 2

Alternative names: LIR-2, Leukocyte immunoglobulin-like receptor 2, CD85 antigen-like family member D,
Immunoglobulin-like transcript 4, ILT-4, Monocyte/macrophage immunoglobulin-like receptor 10, MIR-10,
CD85d

General information: LILRB2 is an immune cell surface receptor which recognises “self” proteins on the
surfaces of cells. It is thought to play a role in limiting the immune response so that it focuses on invaders
and doesn’t start to attack the “self”.

Biological process information: Adaptive immunity, immunity

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.657 3.553 3.830 3.814 4.091 8.588

Standard deviation: 0.4334

Factors significantly associated with LILRB2: Age, Transit Delay

LILRB2 histogram with normal curve
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4.3.50 LILRB5: Leukocyte immunoglobulin-like receptor subfamily B member 5

Alternative names: CD85 antigen-like family member C, Leukocyte immunoglobulin-like receptor 8, LIR-8,
CD85c

General information: LILRB5 may act as receptor for “self” proteins. Genome-wide association studies sug-
gest a link between a LILRB5-related genetic variant and levels of both creatine kinase levels and lactate
dehydrogenase, which are used clinically to indicate tissue damage. LILRB5 has been linked to mycobac-
terial infection and has been found to be up-regulated in certain immune cells after BCG vaccination.

Biological process information: Adaptive immunity, immunity

Additional references used: https://dx.doi.org/10.1038%2Fncomms10572, https://doi.org/10.1038/
srep21780

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.939 4.253 4.709 4.596 5.095 6.686

Standard deviation: 0.7077

Factors significantly associated with LILRB5: Age

LILRB5 histogram with normal curve
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4.3.51 LTBP2: Latent-transforming growth factor beta-binding protein 2

Alternative names: LTBP-2

General information: LTBP2 is the largest member of the LTBP protein family, which mediate the activities of
the growth factor TGF-beta. It also has similarity to fibrillin proteins, which are found in elastic tissues such
as the aorta and eye ligaments. It may therefore have diverse roles similar to both of these protein families.
Plasma levels of LTBP2 predict all-cause mortality in patients with acute dyspnea. It has been correlated
with phenotypic changes in coronary artery disease patients. Serum LTBP2might also be a useful biomarker
of hepatocellular carcinoma.

Biological process information: Protein secretion, protein targeting, supramolecular fibre organization, trans-
forming growth factor beta receptor signaling pathway

Additional references used: https://doi.org/10.1093/eurheartj/eht310.P5726, https://dx.doi.org/10.1097%
2FMD.0000000000017216, https://dx.doi.org/10.1016%2Fj.matbio.2017.11.014, https://www.sciencedirect.
com/topics/medicine-and-dentistry/fibrillin

This protein failed QC. The below-limit-of-detection rate was 98.734 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.04224 1.59312 1.84173 1.82318 2.07487 7.69146

Standard deviation: 0.422

Factors significantly associated with LTBP2: Age, Age Squared

LTBP2 histogram with normal curve
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4.3.52 LYVE1: Lymphatic vessel endothelial hyaluronic acid receptor 1

Alternative names: LYVE-1, Cell surface retention sequence-binding protein 1, CRSBP-1, Extracellular link
domain-containing protein 1, Hyaluronic acid receptor

General information: LYVE1 is found in the extracellular matrix (the material surrounding cells). It plays a
role in the regulation of cell growth and may also have a role in tumour metastasis. Blood levels of LYVE1
have been associated with several different diseases: lower respiratory tract infections, kwashiorkor - an
often fatal manifestation of severe childhood malnutrition - and metastasis in lung cancer patients.

Biological process information: Transport

Additional references used: https://dx.doi.org/10.7150%2Fjca.8486, https://doi.org/10.1016/j.matbio.2018.
02.001, https://www.atsjournals.org/doi/abs/10.1164/ajrccm-conference.2017.195.1_MeetingAbstracts.
A4039, https://doi.org/10.1101/2021.05.31.21257914

Min. 1st Qu. Median Mean 3rd Qu. Max.
3.124 5.742 5.999 5.995 6.251 7.894

Standard deviation: 0.4029

Factors significantly associated with LYVE1: Age, Sex, Transit Delay

LYVE1 histogram with normal curve
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4.3.53 MBL2: Mannose-binding protein C

Alternative names: MBP-C, Collectin-1, MBP1, Mannan-binding protein, Mannose-binding lectin

General information: MBL2 is important in the immune response to pathogens. It recognises and attaches
to sugars on the surface of bacteria, viruses and yeast, which in turn activates the complement system and
targets the pathogen to be engulfed and broken down by immune cells.

Biological process information: Complement activation lectin pathway, complement pathway, immunity, in-
nate immunity

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.141 8.187 8.993 8.944 9.800 12.219

Standard deviation: 1.213

Factors significantly associated with MBL2: Age, Age Squared, Sex

MBL2 histogram with normal curve
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4.3.54 MEGF9: Multiple epidermal growth factor-like domains protein 9

Alternative names: Multiple EGF-like domains protein 9, Epidermal growth factor-like protein 5, EGF-like
protein 5

General information: MEGF9 is found in cell membranes, mostly in the developing and adult nervous sys-
tems. It may act as a receptor and has been linked to cancer.

Biological process information: Animal organ morphogenesis, cell migration, substrate adhesion-dependent
cell spreading, tissue development

Additional references used: https://doi.org/10.1042/BJ20060691, https://doi.org/10.1371/journal.pone.
0076247

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.714 3.734 3.946 3.947 4.143 8.326

Standard deviation: 0.3542

Factors significantly associated with MEGF9: Age, Sex

MEGF9 histogram with normal curve
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4.3.55 MET: Hepatocyte growth factor receptor

Alternative names: c-MET, HGF receptor, HGF/SF receptor, Proto-oncogene c-Met, Scatter factor receptor,
SF receptor, Tyrosine-protein kinase Met

General information: MET is a receptor that binds with a molecule called “hepatocyte growth factor” to
fulfil many roles including cell survival, proliferation, migration, invasion and embryogenesis. Other roles
include wound healing, organ regeneration, tissue remodelling and haematopoietic cell differentiation and
proliferation. Its similarity to the mouse equivalent of this protein suggests it may regulate bone development.
MET acts as a receptor for Listeria, helping it enter cells. It is activated in some human cancers, and
circulating MET has been shown to be prognostic in a type of liver cancer.

Biological process information: Cell signalling

Additional references used: https://dx.doi.org/10.1177%2F1758834011422556, https://doi.org/10.1200/jco.
2016.34.4_suppl.197

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.659 1.713 1.869 1.866 2.021 4.155

Standard deviation: 0.2534

Factors significantly associated with MET:

MET histogram with normal curve
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4.3.56 MFAP5: Microfibrillar-associated protein 5

Alternative names: MP25, Microfibril-associated glycoprotein 2, MAGP-2, MFAP-5

General information: MFAP5 is a component of microfibrils, which are part of the fibres that confer mechan-
ical stability and limited elasticity to tissues. MFAP5 may play a role in haematopoiesis, the development
of blood cells. It has been shown to be upregulated in several cancers, and its blockade may be a useful
treatment for ovarian and pancreatic cancer.

Biological process information: Definitive hemopoiesis, embryonic eye morphogenesis, extracellular matrix
organization, supramolecular fibre organization

Additional references used: https://doi.org/10.1158/1078-0432.CCR-19-0187, https://pubmed.ncbi.nlm.nih.
gov/20578676/

This protein failed QC. The below-limit-of-detection rate was 67.359 %

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
0.4726 1.4872 1.6638 1.6759 1.8531 4.9721 1

Standard deviation: 0.3006

Factors significantly associated with MFAP5: Age, Age Squared, Sex

MFAP5 histogram with normal curve
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4.3.57 NCAM1: Neural cell adhesion molecule 1

Alternative names: N-CAM-1, NCAM-1, CD56

General information: NCAM1 is a cell adhesion molecule involved in nervous system development. It acts
as a receptor for rabies and Zika viruses. A study found that schizophrenia patients had a significantly
lower level of serum NCAM1 compared to healthy donors, and another found plasma NCAM1 to be lower
in children with autism spectrum disorder than in controls.

Biological process information: Cell adhesion, host-virus interaction

Additional references used: https://doi.org/10.1016/j.schres.2014.09.036, https://doi.org/10.1016/j.bbr.
2018.11.012

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.686 3.412 3.628 3.629 3.836 6.568

Standard deviation: 0.3439

Factors significantly associated with NCAM1: Age, Age Squared, Sex

NCAM1 histogram with normal curve
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4.3.58 NID1: Nidogen-1

Alternative names: NID-1, Entactin

General information: NID1 is a member of the nidogen family of proteins, found in basement membranes
(thin, sheet-like structures that separate and support cells). It probably has a role in interactions between
cells and the surrounding material (extracellular matrix). A study found that plasma NID1 may be used as
a diagnostic biomarker for ovarian serous carcinoma and can reflect the tumour burden, and another found
that NID1 is a potential prognostic biomarker and therapeutic target in low-grade glioma (a type of tumour).

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1093/jjco/hyu187, https://dx.doi.org/10.18632%2Faging.
202789

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.508 4.093 4.318 4.316 4.550 6.808

Standard deviation: 0.3588

Factors significantly associated with NID1: Age Squared, Sex

NID1 histogram with normal curve
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4.3.59 NOTCH1: Neurogenic locus notch homolog protein 1

Alternative names: Notch 1, hN1, Translocation-associated notch protein TAN-1

General information: NOTCH1 is a receptor, important for normal development of many tissues through-
out the body, both before birth and after. It plays a role in cell growth and division, maturation and self-
destruction. NOTCH1 signalling has wide-ranging roles in cancer, both oncogenic (cancer-causing) and
tumour-suppressive. A study found higher levels of NOTCH1 in the blood were associated with ascending
aortic aneurysm, and another found plasma levels of NOTCH1 to be lower in dementia patients compared
to healthy subjects.

Biological process information: Angiogenesis, differentiation, Notch signaling pathway, transcription, tran-
scription regulation

Additional references used: https://doi.org/10.1038/s41598-018-32170-2, https://doi.org/10.1371/journal.
pone.0224941

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.665 3.137 3.291 3.290 3.442 5.714

Standard deviation: 0.259

Factors significantly associated with NOTCH1: Age, Transit Delay

NOTCH1 histogram with normal curve
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4.3.60 NRP1: Neuropilin-1

Alternative names: Vascular endothelial cell growth factor 165 receptor, CD304

General information: NRP1 is a developmental protein. It is involved in the development of the cardiovascu-
lar system, and in the formation of new blood vessels and certain neuronal circuits. NRP1 has been found to
be up-regulated in the serum of hepatocellular carcinoma patients and is significantly associated with other
liver function markers.

Biological process information: Angiogenesis, differentiation, host-virus interaction, neurogenesis

Additional references used: https://doi.org/10.1371/journal.ppat.1009153, https://www.ebi.ac.uk/interpro/
entry/InterPro/IPR027146/, https://doi.org/10.1016/j.cca.2018.06.046

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.1497 0.8599 1.0232 1.0283 1.1909 3.0983

Standard deviation: 0.2635

Factors significantly associated with NRP1: Age, Age Squared, Sex

NRP1 histogram with normal curve
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4.3.61 OSMR: Oncostatin-M-specific receptor subunit beta

Alternative names: Interleukin-31 receptor subunit beta, IL-31 receptor subunit beta, IL-31R subunit beta,
IL-31R-beta, IL-31RB, OSMRB

General information: OSMR forms part of two different cell membrane receptors, and is involved in cell
signalling. It seems to have a role in several processes, including blocking the growth of cancerous cells,
the development of blood cells, inflammation, programmed cell death and itching.

Biological process information: Cytokine-mediated signaling pathway, oncostatin-M-mediated signal-
ing pathway, positive regulation of acute inflammatory response, positive regulation of cell population
proliferation, response to cytokine

Min. 1st Qu. Median Mean 3rd Qu. Max.
-1.6239 -0.4483 -0.2816 -0.2797 -0.1156 1.5640

Standard deviation: 0.267

Factors significantly associated with OSMR: Age, Sex

OSMR histogram with normal curve
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4.3.62 PAM: Peptidyl-glycine alpha-amidating monooxygenase

Alternative names: Peptidylglycine alpha-hydroxylating monooxygenase1, PHM1, Peptidyl-alpha-
hydroxyglycine alpha-amidating lyase, Peptidylamidoglycolate lyase1, PAL

General information: In the body, many peptides (short proteins) undergo a chemical process called ami-
dation, which is usually essential for their function. PAM is the only known enzyme to generate amidated
peptides. It has a role in type 2 diabetes (T2D): certain genetic risk factors for T2D have been found to re-
duce the expression and function of PAM, which may have the knock-on effect of reducing insulin. A study
showed that amidation activity (probably a reflection of PAM activity) was related to cardiovascular mortality,
atrial fibrillation and heart failure.

Biological process information: Development, lactation, metabolic process, odontogenesis, ovulation cycle
process, peptide amidation, regulation of protein secretion, response to drug / estradiol / glucocorticoid /
hypoxia / pH

Additional references used: https://doi.org/10.1073/pnas.1914001116, https://doi.org/10.22541/au.
162749074.40639174/v1, https://doi.org/10.1038/s41588-018-0173-1, https://doi.org/10.1038/s41598-
021-95305-y

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.2876 1.8684 2.0840 2.0865 2.2984 4.5080

Standard deviation: 0.3488

Factors significantly associated with PAM: Age, Sex, Transit Delay

PAM histogram with normal curve
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4.3.63 PCOLCE: Procollagen C-endopeptidase enhancer 1

Alternative names: Procollagen COOH-terminal proteinase enhancer 1, PCPE-1, Procollagen C-proteinase
enhancer 1, Type 1 procollagen C-proteinase enhancer protein, Type I procollagen COOH-terminal pro-
teinase enhancer

General information: PCOLCE has several possible roles. It may be involved in scar formation, the inhibition
of new blood vessel formation, and corneal wound re-surfacing. It may also have roles in gastric cancer and
metastatic osteosarcoma.

Biological process information: Multicellular organism development

Additional references used: https://doi.org/10.1007/s00441-017-2689-6, https://dx.doi.org/10.3389%
2Ffmolb.2020.544895, https://dx.doi.org/10.7150%2Fthno.34090

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
2.819 5.722 6.049 6.076 6.395 8.839 1

Standard deviation: 0.5509

Factors significantly associated with PCOLCE: Age, Sex

PCOLCE histogram with normal curve
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4.3.64 PLA2G7: Platelet-activating factor acetylhydrolase

Alternative names: PAF acetylhydrolase, 1-alkyl-2-acetylglycerophosphocholine esterase, 2-acetyl-
1-alkylglycerophosphocholine esterase, Group-VIIA phospholipase A2, gVIIA-PLA2, LDL-associated
phospholipase A2, LDL-PLA(2), PAF 2-acylhydrolase, PAFAD, PAFAH, LP-PLA2, LDL-PLA2

General information: PLA2G7 is a biomarker of cardiovascular disease (CVD). It is an enzyme that is known
to be both anti-inflammatory and pro-inflammatory. Circulating PLA2G7 may be a useful biomarker for
cachexia (wasting) in cancer patients. Serum levels of PLA2G7 have been found to be elevated in COVID-
19 patients.

Biological process information: Lipid degradation, lipid metabolism, phospholipid degradation, phospholipid
metabolism

Additional references used: https://dx.doi.org/10.1074%2Fjbc.M802394200, https://doi.org/10.1002/jcsm.
12758, https://doi.org/10.1038/s41598-021-85848-5, https://dx.doi.org/10.18632%2Foncotarget.397

This protein failed QC. The below-limit-of-detection rate was 74.5 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9281 1.8841 2.0973 2.1016 2.3066 5.3509

Standard deviation: 0.3454

Factors significantly associated with PLA2G7: Age Squared, Sex, Transit Delay

PLA2G7 histogram with normal curve
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4.3.65 PLTP: Phospholipid transfer protein

Alternative names: Lipid transfer protein II

General information: PLTP facilitates the transfer of lipid molecules (fats). It contributes to the formation of
“low-density lipoprotein” and helps in the maturation of “high-density lipoprotein” particles. PLTP plays a key
role in the uptake of cholesterol from cells and tissues, for subsequent transport to the liver for degradation
and excretion. Elevated plasma PLTP levels are a long-term risk factor for atherosclerosis.

Biological process information: Lipid transport, transport

Additional references used: https://doi.org/10.1161/01.ATV.0000085841.55248.13

This protein failed QC. The below-limit-of-detection rate was 66.75 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.149 2.099 2.263 2.269 2.423 6.578

Standard deviation: 0.2864

Factors significantly associated with PLTP: Age, Sex

PLTP histogram with normal curve
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4.3.66 PLXNB2: Plexin-B2

Alternative names: MM1

General information: PLXNB2 is found in cell membranes and is involved in many processes relating to
brain development. It is required for the physiological and pathological functions of ANG (described earlier
in this document) and may have significant therapeutic potential in various cancers and neurodegenerative
diseases.

Biological process information: Developmental protein, receptor

Additional references used: https://dx.doi.org/10.1016%2Fj.cell.2017.10.005

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.7635 1.6760 1.8247 1.8346 1.9717 4.1723

Standard deviation: 0.2458

Factors significantly associated with PLXNB2: Age, Sex, Transit Delay

PLXNB2 histogram with normal curve
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4.3.67 PRCP: Lysosomal Pro-X carboxypeptidase

Alternative names: Angiotensinase C, Lysosomal carboxypeptidase C, Proline carboxypeptidase, Prolylcar-
boxypeptidase

General information: PRCP levels have been linked to hypertension, inflammation and metabolic disorders
such as obesity and diabetes. It may be related to appetite: in mice, a deficiency has been linked to de-
creased food intake and weight loss, and it inactivates an appetite-suppressing hormone. Plasma PRCP
level has been associated with the polygenic risk score for type 2 diabetes.

Biological process information: Angiogenesis, blood coagulation, blood pressure, cell migration, energy
homeostasis, metabolic process, neutrophil degranulation, proteolysis, signaling pathway

Additional references used: https://doi.org/10.1016/B978-0-12-417150-3.00007-7, https://dx.doi.org/
10.1172%2FJCI40001, http://dx.doi.org/10.2147/DMSOTT.S7290, https://doi.org/10.2147/dmsott.s7290,
https://dx.doi.org/10.1016%2Fj.tem.2012.11.001, https://doi.org/10.1038/s42255-021-00478-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.5255 0.9687 1.1808 1.2030 1.4251 6.7619

Standard deviation: 0.3717

Factors significantly associated with PRCP: Age, Age Squared, Sex, Transit Delay

PRCP histogram with normal curve
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4.3.68 PROC: Vitamin K-dependent protein C

Alternative names: Protein C, Anticoagulant protein C, Autoprothrombin IIA, Blood coagulation factor XIV

General information: PROC is found on the surface of endothelial cells, where it is activated by thrombin,
a coagulation factor. PROC then acts to control blood clotting and inflammation, and degrades coagulation
factors. It protects the barrier between blood and tissue. PROC may also have other functions such as
anti-cell-death and anti-inflammatory activities, and may regulate gene expression.

Biological process information: Blood coagulation, haemostasis

Additional references used: https://pubmed.ncbi.nlm.nih.gov/23986205/

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.649 4.096 4.375 4.375 4.657 6.504

Standard deviation: 0.4487

Factors significantly associated with PROC: Age, Age Squared

PROC histogram with normal curve

PROC NPX values
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4.3.69 PRSS2: Trypsin-2

Alternative names: Anionic trypsinogen, Serine protease 2, Trypsin II

General information: PRSS2 is part of the trypsinogen family of enzymes which digest proteins. It is abun-
dant in pancreatic juice and its upregulation is a characteristic feature of pancreatitis. It may be involved in a
range of disease processes, such tumour invasion in ovarian cancer and collagen degradation in rheumatoid
arthritis. It may also be involved in the innate immune response to infection in the digestive tract. Elevated
serum levels of PRSS2 have been observed in patients with cancers of the bile duct or pancreas.

Biological process information: Digestion

Additional references used: https://doi.org/10.1002/(SICI)1097-0215(19960503)66:3%3C326::AID-
IJC10%3E3.0.CO,2-9, https://doi.org/10.3892/or_00000812

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.8275 2.3489 2.6494 2.6955 2.9855 6.9684

Standard deviation: 0.5413

Factors significantly associated with PRSS2: Age, Age Squared, Transit Delay

PRSS2 histogram with normal curve
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4.3.70 PTPRS: Receptor-type tyrosine-protein phosphatase S

Alternative names: R-PTP-S, Receptor-type tyrosine-protein phosphatase sigma, R-PTP-sigma

General information: PTPRS is found on cell surfaces. It is required for normal development of the brain
and pituitary gland, and is thought to be required to prevent immune-mediated intestinal inflammation.

Biological process information: Cell adhesion

Additional references used: https://dx.doi.org/10.1126%2Fscience.1200840, https://doi.org/10.1016/j.
immuni.2015.07.009

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.07041 1.10086 1.26059 1.26271 1.42150 3.80570

Standard deviation: 0.2596

Factors significantly associated with PTPRS: Age, Age Squared, Transit Delay

PTPRS histogram with normal curve
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4.3.71 QPCT: Glutaminyl-peptide cyclotransferase

Alternative names: Glutaminyl cyclase, QC, sQC, Glutaminyl-tRNA cyclotransferase, Glutamyl cyclase, EC

General information: QPCT is responsible for the chemical modification of several brain hormones. It is
found in brain regions that are closely related to cognition, behaviour and emotion. It is thought to be
involved in the development of Alzheimer’s disease, and in susceptibility to schizophrenia.

Biological process information: Cellular protein modification process, neutrophil degranulation, peptidyl-
pyroglutamic acid biosynthetic process using glutaminyl-peptide cyclotransferase

Additional references used: https://doi.org/10.3233/jad-120517, https://doi.org/10.1007/s12035-015-9541-
3

Min. 1st Qu. Median Mean 3rd Qu. Max.
-1.2935 0.3031 0.5044 0.5048 0.6968 4.6488

Standard deviation: 0.3451

Factors significantly associated with QPCT: Age Squared, Sex, Transit Delay

QPCT histogram with normal curve
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4.3.72 REG1A: Lithostathine-1-alpha

Alternative names: Islet cells regeneration factor, ICRF, Islet of Langerhans regenerating protein, REG,
Pancreatic stone protein, PSP, Pancreatic thread protein, PTP, Regenerating islet-derived protein 1-alpha,
REG-1-alpha, Regenerating protein I alpha

General information: REG1A is secreted by the pancreas and is associated with several diseases of diges-
tive system organs. Higher serum levels of REG1A have been associated with pancreatic cancer, diabetes
and coeliac disease. Overexpression of REG1A has been shown to suppress gastric cancer cells. It may
also be associated with the formation of new links between neurons in the brain.

Biological process information: Calcium ion homeostasis, immune response, liver / pancreas regenera-
tion, midgut development, regulation of dendrite extension / gene expression, response to acetylsalicylate /
chemokine / gastrin / hypoxia / nutrient levels, wound healing

Additional references used: https://dx.doi.org/10.12659%2FMSM.904706, https://doi.org/10.3389/fcell.
2019.00235

Min. 1st Qu. Median Mean 3rd Qu. Max.
4.162 6.407 6.749 6.839 7.153 12.267

Standard deviation: 0.6789

Factors significantly associated with REG1A: Age, Age Squared, Sex

REG1A histogram with normal curve

REG1A NPX values

F
re

qu
en

cy

4 6 8 10 12

0
10

0
20

0
30

0
40

0
50

0

−4 −2 0 2 4

4
6

8
10

12

REG1A q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

93

https://dx.doi.org/10.12659%2FMSM.904706
https://doi.org/10.3389/fcell.2019.00235
https://doi.org/10.3389/fcell.2019.00235


4.3.73 REG3A: Regenerating islet-derived protein 3-alpha

Alternative names: Hepatointestinal pancreatic protein, HIP/PAP, Human proislet peptide, Pancreatitis-
associated protein 1, Regenerating islet-derived protein III-alpha, Reg III-alpha, REG-3-alpha

General information: REG3A kills a type of bacteria known as Gram-positive bacteria, and regulates the
proliferation and differentiation of skin-repair cells after skin injury. Circulating REG3A has been used as a
biomarker of graft-versus-host disease and has been used to predict response to therapy.

Biological process information: Acute phase, inflammatory response

Additional references used: https://doi.org/10.1038/s41409-018-0331-1

This protein failed QC. The below-limit-of-detection rate was 99.422 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.862 1.809 1.971 1.983 2.150 4.429

Standard deviation: 0.272

Factors significantly associated with REG3A: Age, Age Squared

REG3A histogram with normal curve
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4.3.74 SAA4: Serum amyloid A-4 protein

Alternative names: Constitutively expressed serum amyloid A protein, C-SAA

General information: SAA4 is enriched in the liver and is a major part of the inflammatory acute phase reac-
tion to infection or injury. Plasma SAA4 levels have been shown to be increased in venous thromboembolism
patients.

Biological process information: Acute phase

Additional references used: https://doi.org/10.1002/rth2.12291

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.5248 3.6288 3.9941 4.0088 4.3647 7.4209

Standard deviation: 0.6015

Factors significantly associated with SAA4: Age, Age Squared, Sex

SAA4 histogram with normal curve
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4.3.75 SELL: L-selectin

Alternative names: CD62 antigen-like family member L, Leukocyte adhesion molecule 1, LAM-1, Leuko-
cyte surface antigen Leu-8, Leukocyte-endothelial cell adhesion molecule 1, LECAM1, Lymph node homing
receptor, TQ12, gp90-MEL, CD62L

General information: SELL is a cell surface adhesion protein which binds to neighbouring cells. It helps
lymphocytes (a type of white blood cell) to adhere to lymph node cells when required. A study found that
serum levels of SELL are low in type 2 diabetes patients with silent myocardial ischemia. A large, multi-ethnic
study found that serum SELL level was associated with smoking status and current alcohol use among non-
Hispanic whites and African Americans. Additionally, SELL levels were found to be significantly lower in
plasma than in serum.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1016/S1262-3636(12)71595-1, https://doi.org/10.1016/j.trsl.
2014.02.001

Min. 1st Qu. Median Mean 3rd Qu. Max.
5.196 8.237 8.483 8.475 8.722 10.591

Standard deviation: 0.3863

Factors significantly associated with SELL: Age, Age Squared, Sex, Transit Delay

SELL histogram with normal curve

SELL NPX values
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4.3.76 SERPINA5: Plasma serine protease inhibitor

Alternative names: Acrosomal serine protease inhibitor, Plasminogen activator inhibitor 3, PAI-3, PAI3, Pro-
tein C inhibitor, PCI, Serpin A5

General information: SERPINA5 inactivates a type of protein-degrading enzyme called “serine proteases”.
It has several functions: it is involved in both the promotion and inhibition of clot formation. It also promotes
inflammation, and may act as a carrier of hormones in seminal plasma and urine. Furthermore, SERPINA5
has been shown to prevent metastasis and new blood vessel formation in cancer cells, and its expression
is decreased in many cancers.

Biological process information: Fertilization, lipid transport, blood coagulation

Additional references used: https://dx.doi.org/10.1016%2Fj.molonc.2013.12.003

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
5.001 7.904 8.167 8.163 8.437 9.664 1

Standard deviation: 0.4122

Factors significantly associated with SERPINA5: Age Squared, Sex, Transit Delay

SERPINA5 histogram with normal curve
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4.3.77 SERPINA7: Thyroxine-binding globulin

Alternative names: Serpin A7, T4-binding globulin

General information: SERPINA7 transports hormones in the bloodstream that are made or used by the
thyroid gland. Plasma levels of SERPINA7 were correlated with emphysema in the COPDGene study.

Biological process information: Negative regulation of endopeptidase activity, thyroid hormone transport

Additional references used: https://doi.org/10.1186/s12931-014-0127-9

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.6043 4.8104 5.0582 5.0480 5.3063 7.3785

Standard deviation: 0.4082

Factors significantly associated with SERPINA7: Sex, Transit Delay

SERPINA7 histogram with normal curve
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4.3.78 SOD1: Superoxide dismutase [Cu-Zn]

Alternative names: Superoxide dismutase 1, hSod1

General information: SOD1 is a biomarker for “oxidative stress”, which is when the body cannot destroy
“reactive oxygen species”, commonly known as free radicals, quickly enough. Free radicals, which are
byproducts of normal cell processes but are toxic to biological systems, are destroyed by SOD1. A study
found that patients who had undergone surgery (midline laparotomy) appeared to have less postoperative
pain if they had increased plasma levels of SOD1. Another study found that serum SOD1 levels were
significantly higher in age-related macular degeneration.

Biological process information: Apoptosis, axonal transport, cell aging, embryo implantation, heart contrac-
tion, homeostasis, locomotory behaviour, metabolic process, myelin maintenance, ovarian follicle develop-
ment, regulation of inflammatory response / catalytic activity / blood pressure / organ growth, relaxation of
smooth muscle, response to ATP / oxidative stress / potassium ion / axon injury / carbon monoxide / drug
/ heat / nutrient levels, sensory perception of sound, signalling pathway, spermatogenesis, transmission of
nerve impulse

Additional references used: https://ar.iiarjournals.org/content/38/2/1003.full, https://doi.org/10.1155/2013/
365046

This protein failed QC. The below-limit-of-detection rate was 21.312 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.4453 1.0743 1.4083 1.4738 1.7709 5.2486

Standard deviation: 0.6334

Factors significantly associated with SOD1: Age, Sex, Transit Delay

SOD1 histogram with normal curve
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4.3.79 SPARCL1: SPARC-like protein 1

Alternative names: High endothelial venule protein, Hevin, MAST 9

General information: SPARCL1 is amatricellular protein. These are a group of proteins involved inmediating
the interaction of cells and their environment. SPARCL1 is expressed during embryogenesis, and in adult life
during tissue remodeling. Its diverse expression pattern in different forms of human cancers has suggested
it may play different roles in tumour biology as both oncogene and tumour suppressor, based on tumour type.
A study found that serum SPARCL1 levels are related to head trauma. Another study found that SPARCL1
is associated with outcomes in pulmonary hypertension.

Biological process information: Anatomical structure development, cellular protein metabolic process, post-
translational protein modification, signal transduction, synaptic membrane adhesion

Additional references used: https://doi.org/10.1016/j.critrevonc.2016.11.013, https://doi.org/10.1016/j.cca.
2019.01.005, https://doi.org/10.1080/1354750X.2020.1745889

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.321 2.933 3.136 3.139 3.342 4.786

Standard deviation: 0.3306

Factors significantly associated with SPARCL1: Age, Age Squared

SPARCL1 histogram with normal curve
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4.3.80 ST6GAL1: Beta-galactoside alpha-2,6-sialyltransferase 1

Alternative names: Alpha 2,6-ST 1, B-cell antigen CD75, CMP-N-acetylneuraminate-beta-galactosamide-
alpha-2,6-sialyltransferase 1, ST6Gal I, ST6GalI, Sialyltransferase 1

General information: ST6GAL1 is produced in the liver and is involved in making antibodies and certain cell-
surface molecules. Levels of ST6GAL1 increase in the blood after infection or injury, which identifies this
protein as an “acute phase reactant”. Genetic variants of ST6GAL1 have been associated with autoimmune
diseases.

Biological process information: Humoral immune response, N-acetylneuraminate metabolic process, O-
glycan processing, protein N-linked glycosylation via asparagine, sialylation, viral protein processing

Additional references used: https://dx.doi.org/10.3389%2Ffimmu.2020.00617

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.716 3.782 4.023 4.035 4.277 6.944

Standard deviation: 0.4176

Factors significantly associated with ST6GAL1: Age, Transit Delay

ST6GAL1 histogram with normal curve
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4.3.81 TCN2: Transcobalamin-2

Alternative names: TC-2, Transcobalamin II, TC II, TCII

General information: TCN2 is the main transport protein for cobalamin (vitamin B12), binding to it and
delivering it from the bloodstream to cells.

Biological process information: Cobalt transport, ion transport, transport

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
2.537 4.569 4.797 4.805 5.031 9.821 1

Standard deviation: 0.396

Factors significantly associated with TCN2: Age, Age Squared, Sex

TCN2 histogram with normal curve

TCN2 NPX values
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4.3.82 TGFBI: Transforming growth factor-beta-induced protein ig-h3

Alternative names: Beta ig-h3, Kerato-epithelin, RGD-containing collagen-associated protein, RGD-CAP

General information: TGFBI is released from cells and becomes part of the extracellular matrix, which is
an intricate network that forms in the spaces between cells and provides structural support to tissues. The
TGFBI protein is thought to play a role in the attachment of cells to one another (cell adhesion) and cell
movement (migration). This protein is found in many tissues in the body, including the clear outer covering
of the eye (the cornea). It implicated in a wide range of conditions including diabetes, corneal dystrophy and
tumour development. It has a role in many physiological processes including new blood vessel formation
and inflammation. Serum TGFBI concentration is considered a potential biomarker in some gastrointestinal
cancers.

Biological process information: Cell adhesion, sensory transduction, vision

Additional references used: https://doi.org/10.1089/dna.1994.13.571, https://dx.doi.org/10.3390%
2Fijms130810461, https://doi.org/10.3390/jcm6010011

Min. 1st Qu. Median Mean 3rd Qu. Max.
5.188 8.279 8.562 8.560 8.836 11.423

Standard deviation: 0.4535

Factors significantly associated with TGFBI: Age, Sex

TGFBI histogram with normal curve
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4.3.83 TGFBR3: Transforming growth factor beta receptor type 3

Alternative names: TGF-beta receptor type 3, TGFR-3, Betaglycan, Transforming growth factor beta recep-
tor III, TGF-beta receptor type III

General information: TGFBR3 is found in cell membranes and is a receptor for TGF-beta, a cell signalling
molecule that has many important physiological roles. Decreased expression of TGFBR3 has been ob-
served in various cancers.

Biological process information: Angiogenesis, animal organ regeneration, cardiac muscle cell proliferation,
cell migration, definitive haemopoiesis, immune response, intracellular signal transduction, liver develop-
ment, regulation of cellular component movement / epithelial cell proliferation / transforming growth factor
beta receptor signaling pathway / protein binding, response to follicle-stimulating hormone / hypoxia / luteiniz-
ing hormone / prostaglandin E

Additional references used: https://doi.org/10.1016/S1357-2725(97)00128-3

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.511 3.436 3.687 3.667 3.923 5.520

Standard deviation: 0.4285

Factors significantly associated with TGFBR3: Age, Age Squared, Sex

TGFBR3 histogram with normal curve
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4.3.84 THBS4: Thrombospondin-4

Alternative names: No additional names available

General information: THBS4 is found in sub-cellular structures called “vesicles” across several different
tissues. It is a cell adhesionmolecule which binds to proteins in the extracellular matrix (ECM). It is involved in
responding to events in different organs: it has a role in the ECM response to tissue damage, the response of
the heart to pressure overload, and the inflammatory response to nervous system injury (and may contribute
to hypersensitivity and pain states after nerve injury). Plasma THBS4 may be a promising biomarker for the
prediction of accelerated long-term forgetting in Alzheimer’s disease.

Biological process information: Cell adhesion, tissue remodeling, unfolded protein response

Additional references used: https://doi.org/10.1186/s13195-021-00845-0, https://doi.org/10.1096/fj.11-
190728

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
1.917 4.633 5.024 5.037 5.414 8.349 1

Standard deviation: 0.6238

Factors significantly associated with THBS4: Age

THBS4 histogram with normal curve
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4.3.85 TIE1: Tyrosine-protein kinase receptor Tie-1

Alternative names: No additional names available

General information: TIE1 is found in cell membranes. It plays a critical role in blood vessel formation and
stability. TIE1 plasma levels may be a useful prognostic biomarker in breast cancer. In systemic sclerosis,
serum levels of TIE1 have been associated with disease duration.

Biological process information: Angiogenesis

Additional references used: https://doi.org/10.1186/s12885-019-5959-8, https://doi.org/10.1007/s00403-
012-1307-4

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.2193 1.4124 1.5755 1.5851 1.7418 2.9281

Standard deviation: 0.2617

Factors significantly associated with TIE1:

TIE1 histogram with normal curve
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4.3.86 TIMD4: T-cell immunoglobulin and mucin domain-containing protein 4

Alternative names: TIMD-4, T-cell immunoglobulin mucin receptor 4, TIM-4, T-cell membrane protein 4

General information: TIMD4 is a receptor that has several roles. It enhances the removal of dying cells, has
a role in the proliferation of a type of immune cell (T-cells), and helps regulate the intestinal microbiota, which
may protect against metabolic disease. Serum TIMD4 was found to be higher in individuals with rheumatoid
arthritis.

Biological process information: No biological process terms available

Additional references used: https://doi.org/10.1038/nri3406, https://dx.doi.org/10.2147%2FPGPM.S287688

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.181 4.179 4.501 4.519 4.843 7.264

Standard deviation: 0.5181

Factors significantly associated with TIMD4: Age, Age Squared, Sex

TIMD4 histogram with normal curve
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4.3.87 TIMP1: Metalloproteinase inhibitor 1

Alternative names: Erythroid-potentiating activity, EPA, Fibroblast collagenase inhibitor, Collagenase in-
hibitor, Tissue inhibitor of metalloproteinases 1, TIMP-1

General information: TIMP1 functions as a growth factor, promoting cell proliferation, regulating cell differen-
tiation, migration and cell death, and activating cellular signalling cascades. It has been found to inactivate
certain metalloproteinases (which degrade the extracellular matrix - the material surrounding cells). A study
found there to be a relationship between higher plasma levels of TIMP1 and an adverse prognosis in patients
with liver metastases.

Biological process information: Aging, apoptosis, cartilage development, cell activation, cell migration, cell
proliferation, extracellular matrix disassembly, metabolic process, platelet degranulation, post-translational
modification, regulation of integrin-mediated signaling pathway / catalytic activity / endopeptidase activity,
response to cytokine / hormone / organic substance / UV-A

Additional references used: https://ar.iiarjournals.org/content/anticanres/32/10/4601.full.pdf

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.277 5.148 5.379 5.384 5.601 9.648

Standard deviation: 0.3779

Factors significantly associated with TIMP1: Age, Age Squared, Sex, Transit Delay

TIMP1 histogram with normal curve
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4.3.88 TNC: Tenascin

Alternative names: TN, Cytotactin, GMEM, GP 150-225, Glioma-associated-extracellular matrix antigen,
Hexabrachion, JI, Myotendinous antigen, Neuronectin, Tenascin-C, TN-C

General information: TNC is found in the extracellular matrix (the material surrounding cells) and is involved
in neural processes such as neuron development, synaptic plasticity and neuronal regeneration. In tumours,
it stimulates blood vessel formation. TNC is a pro-inflammatory protein, and circulating levels have been
shown to be raised in rheumatoid arthritis, lupus, depressive disorders and other diseases.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1186/ar4105, https://doi.org/10.5152/pcp.2021.20161

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.072 3.454 3.785 3.817 4.145 9.457

Standard deviation: 0.5609

Factors significantly associated with TNC: Age, Age Squared, Transit Delay

TNC histogram with normal curve
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4.3.89 TNXB: Tenascin-X

Alternative names: TN-X, Hexabrachion-like protein

General information: TNXB is a large extracellular matrix protein that is highly expressed in several connec-
tive tissues (tissues that support the body’s muscles, joints, organs and skin), for which it plays an important
role in structure organisation and maintenance. Studies suggest that it helps to regulate the production and
assembly of certain types of collagens, and the structure and stability of the elastic fibres which provide
flexibility and elasticity to connective tissues. A complete deficiency is associated with the connective tissue
disorder Ehlers-Danlos syndrome. In cancer, TNXB may play a role in supporting the growth of epithelial
tumours, and it may be useful as a serum biomarker for a type of ovarian cancer. High serum concentrations
of TNXB are associated with abdominal aortic aneurysm.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1161/CIRCULATIONAHA.104.513820, https://doi.org/10.
1155/2015/208017

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.5091 1.3643 1.5171 1.5280 1.6763 4.0337

Standard deviation: 0.2553

Factors significantly associated with TNXB: Age, Transit Delay

TNXB histogram with normal curve
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4.3.90 UMOD: Uromodulin

Alternative names: Tamm-Horsfall urinary glycoprotein, THP

General information: UMOD is produced by the kidneys and excreted from the body in urine. The function of
UMOD is unclear, although it is known to be the most abundant protein in healthy urine. Researchers have
suggested that it may protect against urinary tract infections, and may help control the amount of water in
urine. Chronic kidney disease is associated with higher serum levels of UMOD, but higher serum UMOD has
also been associated with higher renal function, and a lower risk of cardiovascular disease and diabetes.

Biological process information: Apoptosis, autophagy, citric acid / urate salt secretion, connective tissue
replacement, development, endoplasmic reticulum organization, homeostasis, inflammatory response,
metabolic process, regulation of cell proliferation / urine volume, neutrophil migration, protein folding
/ localization, renal function, response to drug / lipopolysaccharide / stress / unfolded protein / water
deprivation, RNA splicing

Additional references used: https://doi.org/10.3109/10799893.2014.920029, https://dx.doi.org/10.1097%
2FMNH.0000000000000522

This protein failed QC. The below-limit-of-detection rate was 74.562 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.5779 1.3807 1.5590 1.5631 1.7461 3.6663

Standard deviation: 0.2814

Factors significantly associated with UMOD: Age, Age Squared, Sex

UMOD histogram with normal curve
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4.3.91 VASN: Vasorin

Alternative names: Protein slit-like 2

General information: VASN was first discovered as a cell surface and secreted protein that modulates the
arterial response to injury. It is expressed at its highest levels in the aorta, at intermediate levels in kidney
and placenta, and at its lowest levels in brain, heart, liver, lung and skeletal muscle tissue. It plays a vital
part in tumour development and the formation of new blood vessels, and has been identified as a predictive,
treatment-sensitive biomarker in thyroid cancer cells. It may also be a potential diagnostic marker and
therapeutic target in glioblastoma and liver cancer.

Biological process information: Cellular response to hypoxia, cellular response to redox state, negative
regulation of epithelial to mesenchymal transition, negative regulation of transforming growth factor beta
receptor signaling pathway

Additional references used: https://pubmed.ncbi.nlm.nih.gov/31312369/, https://dx.doi.org/10.18632%
2Foncotarget.3541

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.5787 1.6924 1.8753 1.8783 2.0581 3.4489

Standard deviation: 0.2888

Factors significantly associated with VASN: Age, Age Squared, Sex

VASN histogram with normal curve

VASN NPX values
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4.3.92 VCAM1: Vascular cell adhesion protein 1

Alternative names: V-CAM 1, VCAM-1, INCAM-100, CD106

General information: VCAM1 is found in many different tissues, and is involved in several processes includ-
ing immune response and inflammation. It has been linked to several diseases, including atherosclerosis
(the main cause of heart disease and stroke), rheumatoid arthritis, and the progression of human tumours.
Plasma VCAM1 levels have been shown to correlate with disease severity in Parkinson’s disease, and
serum levels have been shown to be elevated in colorectal cancer.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1186/s12974-019-1482-8, http://dx.doi.org/10.14319/ijcto.42.
5, https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3633976/

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.975 4.410 4.640 4.655 4.881 6.737

Standard deviation: 0.3869

Factors significantly associated with VCAM1: Age, Age Squared, Sex, Transit Delay

VCAM1 histogram with normal curve

VCAM1 NPX values
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4.4 Neurology panel proteins

4.4.1 ADAM 22: Disintegrin and metalloproteinase domain-containing protein 22

Alternative names: Metalloproteinase-disintegrin ADAM22-3, Metalloproteinase-like disintegrin-like and
cysteine-rich protein 2

General information: ADAM 22 is highly expressed in the brain and has been linked to nervous system
development. It may regulate cell adhesion and inhibit cell proliferation. In the nervous systems of mice, it
is essential for myelination, which is the insulation of nerve cells with a protective, fatty myelin sheath. It
may also be associated with epilepsy, and with prognosis in gliomas (a type of tumour).

Biological process information: Cell adhesion

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.357 5.167 5.435 5.444 5.709 7.606

Standard deviation: 0.4244

Factors significantly associated with ADAM 22: Age, Age Squared, Sex

ADAM 22 histogram with normal curve

ADAM 22 NPX values
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4.4.2 ADAM 23: Disintegrin and metalloproteinase domain-containing protein 23

Alternative names: Metalloproteinase-like disintegrin-like and cysteine-rich protein 3, MDC-3

General information: ADAM23 is highly expressed in both foetal and adult brains, especially in the amygdala,
caudate nucleus, hypothalamus, thalamus, cerebral cortex and occipital pole. Functionally, ADAM 23 is
thought to play an important role in nervous system development. It is reported that inactivation of the
ADAM 23 gene is associated with tumour development in human cancers.

Biological process information: Cell adhesion

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.4802 4.5197 4.8514 4.8303 5.1686 6.4625

Standard deviation: 0.5088

Factors significantly associated with ADAM 23: Age, Age Squared, Sex

ADAM 23 histogram with normal curve

ADAM 23 NPX values
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4.4.3 Alpha-2-MRAP: Alpha-2-macroglobulin receptor-associated protein

Alternative names: Low density lipoprotein receptor-related protein-associated protein 1, RAP

General information: Alpha-2-MRAP functions as a chaperonemolecule, trafficking some proteins described
as “low-density lipoprotein receptor family members”. There is genetic evidence linking Alpha-2-MRAP to
negative regulation of beta-amyloid clearance, a process important in Alzheimer’s disease.

Biological process information: Amyloid-beta clearance by transcytosis, extracellular negative regulation of
signal transduction, negative regulation of amyloid-beta clearance / cell death / protein binding / receptor
internalization / very-low-density lipoprotein particle clearance, positive regulation of amyloid-beta clearance,
regulation of receptor-mediated endocytosis, signal transduction

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.409 9.048 9.317 9.388 9.613 11.740

Standard deviation: 0.5614

Factors significantly associated with Alpha-2-MRAP: Age, Sex, Transit Delay, Recently Eaten

Alpha−2−MRAP histogram with normal curve
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4.4.4 BCAN: Brevican core protein

Alternative names: Brain-enriched hyaluronan-binding protein, BEHAB, Chondroitin sulfate proteoglycan 7

General information: BCAN is found on the surface of neurons in the brain and is thought to play a role in
central nervous system development. The most abundant version (isoform) of the BCAN protein decreases
with age. It is highly expressed in gliomas (a type of tumour) and may promote the growth and cell motility
of brain tumour cells. A study found that higher plasma levels of BCAN were associated with larger brain
volumes and with higher mid-life fluid cognitive ability. Another study found that plasma levels of BCAN were
decreased in patients with Alzheimer’s disease or amyloid-beta-positive mild cognitive impairment.

Biological process information: Cell adhesion, central nervous system development, chondroitin sulfate
biosynthetic process, dermatan sulfate biosynthetic process, extracellular matrix organization, skeletal sys-
tem development

Additional references used: https://doi.org/10.1038/s41467-019-14161-7, https://doi.org/10.1186/s40478-
019-0795-2

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
1.304 4.746 5.030 5.017 5.304 6.994 1

Standard deviation: 0.4274

Factors significantly associated with BCAN: Age, Sex

BCAN histogram with normal curve
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4.4.5 Beta-NGF: Beta-nerve growth factor

Alternative names: NGF

General information: Beta-NGF has an important role in neuron survival and has been studied in various
neurological disease conditions. It plays a role as a suppressor of inflammation and has been studied in
endometriosis, viral infections, allergy, inflammatory pain, etc. A study found that lower serum NGF levels
might be a risk factor for developing post-stroke depression, with higher levels possibly protecting against
it.

Biological process information: Activation of MAPKK activity, apoptosis, memory, modulation of chemical
synaptic transmission, regulation of cell proliferation, nervous system development

Additional references used: https://www.jneuropsychiatry.org/abstract/association-between-serum-nerve-
growth-factor-levels-and-depression-in-stroke-patients-12289.html

This protein failed QC. The below-limit-of-detection rate was 99.734 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.6317 0.2292 0.2834 0.2846 0.3357 3.0188

Standard deviation: 0.1161

Factors significantly associated with Beta-NGF: Transit Delay

Beta−NGF histogram with normal curve

Beta−NGF NPX values
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4.4.6 BMP-4: Bone morphogenetic protein 4

Alternative names: BMP4, Bone morphogenetic protein 2B, BMP-2B

General information: BMP-4 is involved in cartilage and bone formation, tooth development, limb formation
and fracture repair. It may also have a role in neuronal development. Serum levels of BMP-4 have been
found to be elevated in patients with acute coronary syndrome.

Biological process information: Chondrogenesis, differentiation, osteogenesis

Additional references used: https://doi.org/10.1002/jcla.22278

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.583 3.273 3.512 3.514 3.744 8.274

Standard deviation: 0.3821

Factors significantly associated with BMP-4: Age, Sex

BMP−4 histogram with normal curve
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4.4.7 CADM3: Cell adhesion molecule 3

Alternative names: Brain immunoglobulin receptor, Immunoglobulin superfamily member 4B, IgSF4B,
Nectin-like protein 1, NECL-1, Synaptic cell adhesion molecule 3, SynCAM3, TSLC1-like protein 1, TSLL1

General information: CADM3 is a cell-cell adhesionmolecule expressed specifically in the brain. It is thought
to be involved in myelination, the protection of nerves with a fatty, myelin sheath. It has also been found in
cancerous cells (of the brain and prostate), despite also being reported as a tumour suppressor gene.

Biological process information: Cell adhesion

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.038 3.835 4.148 4.164 4.464 7.066

Standard deviation: 0.5128

Factors significantly associated with CADM3: Age, Age Squared, Sex

CADM3 histogram with normal curve

CADM3 NPX values
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4.4.8 CD200: OX-2 membrane glycoprotein

Alternative names: No additional names available

General information: CD200 plays several different and important roles in the body, including in immuno-
suppression and in regulation of anti-tumour activity. It may affect the activity and proliferation of certain
types of white blood cells. There may also be a link between CD200 and nerve degeneration conditions. A
study found that serum levels of CD200 were reduced in alcohol dependency, and another study found that
circulating CD200 was increased in endometriosis.

Biological process information: Cell-cell adhesion, regulation of cell proliferation / interleukin-6 production /
leukocyte activation / leukocyte migration / matrix metallopeptidase secretion / neuroinflammatory response
/ neuron death / transcription factor activity / transforming growth factor beta production / immune response

Additional references used: https://doi.org/10.1093/alcalc/agaa033, https://doi.org/10.1016/j.jri.2020.
103090

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.065 6.520 6.713 6.720 6.916 10.752

Standard deviation: 0.3447

Factors significantly associated with CD200: Age, Age Squared, Transit Delay, Transit Delay Squared

CD200 histogram with normal curve

CD200 NPX values
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4.4.9 CD200R1: Cell surface glycoprotein CD200 receptor 1

Alternative names: CD200 cell surface glycoprotein receptor, Cell surface glycoprotein OX2 receptor 1

General information: CD200R1 is found on different types of white blood cells. It is known to limit inflamma-
tion and may be involved in host-virus interaction. It may also be associated with sleep disorders such as
narcolepsy and cataplexy.

Biological process information: Host-virus interaction

Additional references used: https://doi.org/10.1371/journal.pone.0251187

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.155 5.012 5.213 5.230 5.420 7.525

Standard deviation: 0.3568

Factors significantly associated with CD200R1: Age, Transit Delay

CD200R1 histogram with normal curve

CD200R1 NPX values

F
re

qu
en

cy

1 2 3 4 5 6 7

0
10

0
20

0
30

0
40

0

LOD: 1.43

−4 −2 0 2 4

1
2

3
4

5
6

7

CD200R1 q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

122

https://doi.org/10.1371/journal.pone.0251187


4.4.10 CD38: ADP-ribosyl cyclase/cyclic ADP-ribose hydrolase 1

Alternative names: 2’-phospho-ADP-ribosyl cyclase, 2’-phospho-ADP-ribosyl cyclase/2’-phospho-cyclic-
ADP-ribose transferase, 2’-phospho-cyclic-ADP-ribose transferase, ADP-ribosyl cyclase 1, ADPRC 1,
Cyclic ADP-ribose hydrolase 1, cADPr hydrolase 1, T10

General information: CD38 regulates the release of oxytocin in the central nervous system. Oxytocin is
a hormone which regulates the function of various organs, and affects human behaviours such as love,
trust and fear. Loss of CD38 function is associated with several problems: impaired immune responses,
metabolic disturbances and behavioural modifications. CD38 is expressed at high levels in some tumours.
A study found that serum CD38 is high in a rare lymphoma, as well as in burn shock.

Biological process information: Apoptosis, long-term synaptic depression, metabolic process, pregnancy,
regulation of bone resorption / calcium ion concentration / cell growth / neuron projection development /
transcription / vasoconstriction, response to drug / estradiol / hypoxia / interleukin-1 / progesterone / retinoic
acid, smooth muscle contraction

Additional references used: https://dx.doi.org/10.18632%2Foncotarget.23334, https://doi.org/10.1038/
nature05526

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.709 5.792 6.068 6.050 6.323 8.538

Standard deviation: 0.4439

Factors significantly associated with CD38: Age, Age Squared, Sex, Transit Delay, Transit Delay Squared

CD38 histogram with normal curve

CD38 NPX values
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4.4.11 CDH3: Cadherin-3

Alternative names: Placental cadherin, P-cadherin

General information: CDH3 seems to play a role in visual perception. Mutations in the CDH3 gene are
associated with severe retinal changes that result in blindness. It is also involved in breast and prostate
cancer. A study found that serum levels of CDH3 in lung cancer could be a useful way to monitor treatment.

Biological process information: Cell adhesion, sensory transduction, vision

Additional references used: https://doi.org/10.1158/1078-0432.CCR-19-3972

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.297 7.348 7.632 7.629 7.907 10.448

Standard deviation: 0.4508

Factors significantly associated with CDH3: Age Squared, Sex

CDH3 histogram with normal curve
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4.4.12 CDH6: Cadherin-6

Alternative names: Kidney cadherin, K-cadherin

General information: CDH6 is a member of the cadherin family. Like other members of this family, it con-
tributes to the sorting of cell types and the maintenance of orderly structures. It may have a role in brain
development and has been linked to tumours of the nervous system. CDH6 may be a good blood biomarker
for Alzheimer’s disease.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1038/s41598-020-65038-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.821 5.100 5.245 5.228 5.381 8.007

Standard deviation: 0.2429

Factors significantly associated with CDH6: Age, Age Squared, Transit Delay

CDH6 histogram with normal curve

CDH6 NPX values
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4.4.13 CLEC10A: C-type lectin domain family 10 member A

Alternative names: C-type lectin superfamily member 14, Macrophage lectin 2, CD301

General information: CLEC10A, like other C-type lectin receptors, plays a vital role in the immune system.
It recognizes and acts on tumour-related molecules and effectively presents them to CD4 T-cells, helping to
mount an immune response. It may be involved in neurological diseases, including neuralgia and demyeli-
nating diseases, which involve the destruction of the fatty, protective sheath around nerves.

Biological process information: Adaptive immunity, endocytosis, immunity, innate immunity

Additional references used: https://doi.org/10.1111/jcmm.16416

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.4994 4.9931 5.2754 5.2924 5.5785 11.4899

Standard deviation: 0.4592

Factors significantly associated with CLEC10A: Age, Age Squared, Transit Delay

CLEC10A histogram with normal curve

CLEC10A NPX values
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4.4.14 CLEC1B: C-type lectin domain family 1 member B

Alternative names: C-type lectin-like receptor 2, CLEC-2

General information: CLEC1B is believed to have roles in platelet activation and lymph vessel development.
It acts as a receptor for rhodocytin, the platelet-aggregating snake venom protein. Serum levels of CLEC1B
have been associated with mild cognitive impairment and Alzheimer’s disease.

Biological process information: Host-virus interaction

Additional references used: https://doi.org/10.1111/ane.13196

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9618 13.0096 13.1358 13.1058 13.2431 13.7033

Standard deviation: 0.2611

Factors significantly associated with CLEC1B: Age, Transit Delay, Transit Delay Squared

CLEC1B histogram with normal curve

CLEC1B NPX values
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4.4.15 CLM-1: CMRF35-like molecule 1

Alternative names: CD300LF, CD300 antigen-like family member F, Immune receptor expressed on myeloid
cells 1, IREM-1, Immunoglobulin superfamily member 13, IgSF13, NK inhibitory receptor, CD300f

General information: CLM-1 is found in many tissues including blood, bone marrow, lung and lymphoid
tissue. It has several different functions, including the inhibition of osteoclast formation (cells that degrade
bone) and the removal of dying cells. It may also be associated with post-traumatic epilepsy.

Biological process information: Immunity

Additional references used: https://dx.doi.org/10.1371%2Fjournal.pone.0123928

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.518 7.295 7.737 7.683 8.174 10.181

Standard deviation: 0.7919

Factors significantly associated with CLM-1: Age, Age Squared, Sex, Transit Delay

CLM−1 histogram with normal curve

CLM−1 NPX values
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4.4.16 CLM-6: CMRF35-like molecule 6

Alternative names: CD300 antigen-like family member C, CMRF35-A1, CMRF-35, Immunoglobulin super-
family member 16, IgSF16, CD300c

General information: CLM-6 is found the surface of certain types of white blood cell. It is believed to function
as a receptor in the immune system, but the precise functions are unclear. There may be some association
with post-traumatic epilepsy. In a study, serum levels of CLM-6 were found to be associated with welding,
an occupation well-known to be hazardous to health.

Biological process information: Immunity

Additional references used: https://doi.org/10.3389/fpubh.2020.00422

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.695 6.175 6.318 6.326 6.467 8.850

Standard deviation: 0.2524

Factors significantly associated with CLM-6: Age, Age Squared, Transit Delay, Transit Delay Squared

CLM−6 histogram with normal curve
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4.4.17 CNTN5: Contactin-5

Alternative names: Neural recognition molecule NB-2, hNB-2

General information: CNTN5 is a member of the contactin family of proteins which mediate cell surface
interactions during nervous system development. It is primarily expressed in brain tissues. It probably plays
a role in the formation of connections in the developing nervous system. A study found that plasma levels of
CNTN5 were associated with cardiovascular disease, and that this effect was modified by religious struggles
that exacerbate the adverse impact of stressful life events.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1038/s41598-020-79429-1

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.010 6.795 7.075 7.074 7.367 9.201

Standard deviation: 0.4468

Factors significantly associated with CNTN5: Age, Sex

CNTN5 histogram with normal curve

CNTN5 NPX values

F
re

qu
en

cy

2 4 6 8

0
10

0
20

0
30

0
40

0
50

0
60

0

LOD: 1.77

−4 −2 0 2 4

2
4

6
8

CNTN5 q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

130

https://doi.org/10.1038/s41598-020-79429-1


4.4.18 CPA2: Carboxypeptidase A2

Alternative names: No additional names available

General information: CPA2 is found in the pancreas and is a member of the carboxypeptidase A family of
enzymes. During digestion, it breaks down peptides, which are short proteins.

Biological process information: Protein catabolic process in the vacuole, proteolysis

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.265 9.722 10.076 10.045 10.399 11.666

Standard deviation: 0.5446

Factors significantly associated with CPA2: Age, Transit Delay

CPA2 histogram with normal curve
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4.4.19 CPM: Carboxypeptidase M

Alternative names: No additional names available

General information: CPM is believed to play important roles in controlling hormone and growth factor activity,
as well as white blood cell differentiation. A study found that serum levels of CPMwere increased after coffee
intake. Plasma CPM level has been associated with the polygenic risk score for type 2 diabetes.

Biological process information: Anatomical structure morphogenesis, peptide metabolic process, protein
processing

Additional references used: https://doi.org/10.1007/s00394-019-02009-1, https://doi.org/10.1038/s42255-
021-00478-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.4713 8.1870 8.3434 8.3285 8.4886 9.0365

Standard deviation: 0.2612

Factors significantly associated with CPM: Age, Age Squared, Sex, Transit Delay

CPM histogram with normal curve

CPM NPX values

F
re

qu
en

cy

2 4 6 8

0
20

0
40

0
60

0
80

0
10

00
12

00 LOD: 1.64

−4 −2 0 2 4

2
4

6
8

CPM q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

132

https://doi.org/10.1007/s00394-019-02009-1
https://doi.org/10.1038/s42255-021-00478-5
https://doi.org/10.1038/s42255-021-00478-5


4.4.20 CRTAM: Cytotoxic and regulatory T-cell molecule

Alternative names: Class-I MHC-restricted T-cell-associated molecule, CD355

General information: CRTAM is mainly expressed in cells of the immune system, but also in certain types
of neuron. It promotes the actions of certain immune cells: natural killer cells and CD8+ cells. CRTAM has
been shown to influence gut microbiota and infection severity.

Biological process information: Adaptive immunity, cell adhesion, immunity

Additional references used: https://dx.doi.org/10.4049%2Fjimmunol.1800890

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
1.645 5.747 6.112 6.133 6.491 8.800 1

Standard deviation: 0.5763

Factors significantly associated with CRTAM: Age, Age Squared, Sex, Transit Delay

CRTAM histogram with normal curve

CRTAM NPX values
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4.4.21 CTSC: Dipeptidyl peptidase 1

Alternative names: Cathepsin C, Cathepsin J, Dipeptidyl peptidase I, DPP-I, DPPI, Dipeptidyl transferase

General information: CTSC is found in lysosomes, which are immune cell organelles used to destroy
pathogens. It is an enzyme that degrades proteins, and it appears to be a central coordinator for the activa-
tion of many other protein-degrading enzymes. Defects in CTSC are involved in Papillon-Lefevre disease,
an autosomal recessive disorder characterized by palmoplantar keratosis and periodontitis.

Biological process information: Aging, COPII vesicle coating, endoplasmic reticulum to Golgi vesicle-
mediated transport, immune response, negative regulation of myelination, neutrophil degranulation,
positive regulation of apoptotic signaling pathway, positive regulation of microglial cell activation, positive
regulation of proteolysis involved in cellular protein catabolic process, proteolysis, proteolysis involved in
cellular protein catabolic process, response to organic substance, T-cell mediated cytotoxicity

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
0.5078 4.5486 4.8247 4.8072 5.0884 6.8432 1

Standard deviation: 0.4148

Factors significantly associated with CTSC: Sex, Transit Delay, Transit Delay Squared

CTSC histogram with normal curve
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4.4.22 CTSS: Cathepsin S

Alternative names: No additional names available

General information: CTSS is an enzyme that degrades proteins, and is found in lysosomes, which are
immune cell organelles used to destroy pathogens. CTSS is also important in the perception of itch and
pain, and may be a prognostic biomarker in a certain type of brain tumour. In a study, serum levels of CTSS
were found to be associated with welding, an occupation well-known to be hazardous to health. CTSS
could be a useful biomarker for diagnosing obstructive sleep apnoea in patients with type 2 diabetes. A
study found that decreased serum CTSS may contribute to the development of interstitial lung disease in
patients with systemic sclerosis.

Biological process information: Antigen processing and presentation, basement membrane / extracellular
matrix disassembly, collagen catabolic process, immune response, neutrophil degranulation, protein pro-
cessing, proteolysis, regulation of cation channel activity, response to acidic pH / thyroid hormone, signalling
pathway

Additional references used: https://doi.org/10.3389/fpubh.2020.00422, https://doi.org/10.1155/2020/
8819134, https://doi.org/10.1111/1346-8138.15458

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.1135 6.0225 6.1622 6.1569 6.3004 7.1872

Standard deviation: 0.2249

Factors significantly associated with CTSS: Age, Age Squared, Transit Delay, Transit Delay Squared

CTSS histogram with normal curve
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4.4.23 DDR1: Epithelial discoidin domain-containing receptor 1

Alternative names: Epithelial discoidin domain receptor 1, CD167 antigen-like family member A, Cell adhe-
sion kinase, Discoidin receptor tyrosine kinase, HGK2, Mammary carcinoma kinase 10, MCK-10, Protein-
tyrosine kinase 3A, Protein-tyrosine kinase RTK-6, TRK E, Tyrosine kinase DDR, Tyrosine-protein kinase
CAK, CD167a

General information: DDR1 is found on the cell surface and is generally expressed at low levels in adult tis-
sues, with the highest levels seen in brain, lung, placenta and kidney. It has a role in many processes, such
as cell attachment to the surrounding extracellular matrix, cell survival, wound healing, blastocyst implanta-
tion during pregnancy, mammary gland differentiation and lactation. It is over-expressed in paediatric brain
tumours, as well as in malignancies of the breast, ovary and oesophagus. In a study of brain tumour patients,
it was found to be elevated in the blood as well as tumour tissues, so may be a useful blood biomarker.

Biological process information: Lactation, pregnancy

Additional references used: https://doi.org/10.1200/JCO.2019.37.15_suppl.e13557

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.711 6.962 7.098 7.100 7.235 8.948

Standard deviation: 0.2472

Factors significantly associated with DDR1: Age, Age Squared, Sex, Transit Delay

DDR1 histogram with normal curve
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4.4.24 Dkk-4: Dickkopf-related protein 4

Alternative names: Dickkopf-4, Dkk-4, hDkk-4

General information: Dkk-4 is involved in embryonic development. It is expressed in the cerebellum, T-cells,
oesophagus and lung. In the adult, Dkk proteins are implicated in bone formation, bone disease, cancer
and Alzheimer’s disease.

Biological process information: Wnt signaling pathway

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.6196 3.6974 4.0185 4.0682 4.3729 7.8452

Standard deviation: 0.5731

Factors significantly associated with Dkk-4: Age, Age Squared, Sex, Transit Delay, Transit Delay Squared

Dkk−4 histogram with normal curve

Dkk−4 NPX values
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4.4.25 DRAXIN: Draxin

Alternative names: Dorsal inhibitory axon guidance protein, Dorsal repulsive axon guidance protein, Neucrin

General information: DRAXIN plays an important role in neural development, particularly for the spinal cord
and forebrain. A study investigating causal relationships between plasma protein levels and genes found
that plasma protein levels of DRAXIN may affect gene expression, perhaps through a feedback mechanism.

Biological process information: Wnt signaling pathway

Additional references used: https://doi.org/10.1038/s41467-019-11177-x, https://www.ebi.ac.uk/ebisearch/
s4/summary/molecular?term=Q8NBI3

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.3916 3.5322 3.8733 3.8911 4.2229 7.7576

Standard deviation: 0.5558

Factors significantly associated with DRAXIN: Age, Age Squared, Transit Delay

DRAXIN histogram with normal curve

DRAXIN NPX values
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4.4.26 EDA2R: Tumour necrosis factor receptor superfamily member 27

Alternative names: X-linked ectodysplasin-A2 receptor, EDA-A2 receptor

General information: EDA2R is involved in maintenance of hair and teeth via the ectodysplasin pathway.
Genetic disruptions of this pathway lead to a clinical syndrome characterized by loss of hair, sweat glands
and teeth.

Biological process information: Differentiation

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.6076 3.6696 4.0736 4.1788 4.5860 7.7539

Standard deviation: 0.7371

Factors significantly associated with EDA2R: Age, Age Squared, Transit Delay Squared

EDA2R histogram with normal curve
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4.4.27 EFNA4: Ephrin-A4

Alternative names: EPH-related receptor tyrosine kinase ligand 4, LERK-4

General information: EFNA4 is involved in neuronal, vascular and epithelial development. It may also play
a role in immune cell interactions in tonsils. In a study, serum levels of EFNA4 were found to be associated
with welding, an occupation well-known to be hazardous to health. Another study found that high serum
levels of a type of EFNA4 were correlated with white blood cell counts and lymphadenopathy.

Biological process information: Axon guidance, cell-cell signaling, ephrin receptor signaling pathway

Additional references used: https://doi.org/10.3389/fpubh.2020.00422, https://doi.org/10.1016/j.leukres.
2008.08.010

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.282 3.386 3.573 3.601 3.776 6.508

Standard deviation: 0.3277

Factors significantly associated with EFNA4: Age, Age Squared, Sex, Transit Delay, Transit Delay Squared

EFNA4 histogram with normal curve
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4.4.28 EPHB6: Ephrin type-B receptor 6

Alternative names: HEP, Tyrosine-protein kinase-defective receptor EPH-6

General information: EPHB6 is highly expressed in the brain and has a suggested role in forming connec-
tions between neural cells. Lab studies have shown high levels of a type of EPHB6 in neural cancer-derived
cells. Conversely, expression of the EPHB6 gene has also been found to be lower during tumour progres-
sion, suggesting that the protein may suppress tumour invasion and metastasis.

Biological process information: Axon guidance, central nervous system projection neuron axonogenesis,
ephrin receptor signaling pathway, multicellular organism development, positive regulation of kinase activity,
transmembrane receptor protein tyrosine kinase signaling pathway

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.217 4.754 4.953 4.962 5.144 6.966

Standard deviation: 0.3307

Factors significantly associated with EPHB6: Age, Age Squared, Sex, Transit Delay

EPHB6 histogram with normal curve
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4.4.29 EZR: Ezrin

Alternative names: Cytovillin, Villin-2, p81

General information: EZR helps maintain cell shape and adhesion between cells, and protects the lining of
the airways. A study found that serum levels of EZR were increased in patients with allergic asthma after
bronchial challenge with toxin. It may also play a role in the nervous system, forming connections between
neural cells.

Biological process information: Cell shape

Additional references used: https://doi.org/10.22541/au.159586014.49357752, https://doi.org/10.1111/sji.
12820

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
0.5179 6.3155 6.5181 6.5128 6.7118 7.6735 1

Standard deviation: 0.3223

Factors significantly associated with EZR: Transit Delay, Transit Delay Squared

EZR histogram with normal curve
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4.4.30 FcRL2: Fc receptor-like protein 2

Alternative names: FcR-like protein 2, Fc receptor homolog 2, FcRH2, IFGP family protein 4, Immunoglob-
ulin receptor translocation-associated protein 4, SH2 domain-containing phosphatase anchor protein 1,
CD307b

General information: FcRL2 is an antibody receptor, which may be involved in normal and cancerous B-
cell development. It is thought that FcRL2 may have value as a prognostic marker for chronic lymphocytic
leukaemia.

Biological process information: Cell-cell signaling, cell surface receptor signaling pathway

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.283 5.133 5.438 5.471 5.767 9.873

Standard deviation: 0.5254

Factors significantly associated with FcRL2: Age, Transit Delay

FcRL2 histogram with normal curve
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4.4.31 FLRT2: Leucine-rich repeat transmembrane protein FLRT2

Alternative names: Fibronectin-like domain-containing leucine-rich transmembrane protein 2

General information: FLRT2 is expressed in the brain as well as in the heart and several other organs. It
is required for normal heart development in the embryo. In neurology, it is involved in cell adhesion, cell
movement and in forming connections between neural cells.

Biological process information: Cell adhesion

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.602 2.963 3.128 3.132 3.295 7.092

Standard deviation: 0.2755

Factors significantly associated with FLRT2: Age, Age Squared, Transit Delay, Transit Delay Squared

FLRT2 histogram with normal curve

FLRT2 NPX values
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4.4.32 G-CSF: Granulocyte colony-stimulating factor

Alternative names: Pluripoietin, INN: Filgrastim, INN: Lenograstim

General information: G-CSF is a hormone that stimulates the bone marrow to produce granulocytes (cells
involved in allergic reactions, asthma and infection). It also has multiple effects on neurons, such as forming
new ones, enhancing brain adaptability and inhibiting neuronal cell death. Due to these properties, it has
been investigated as a treatment for neurological diseases such as cerebral ischemia (a type of stroke). A
study showed an elevation of G-CSF in the serum of patients with advanced tumour stages in breast cancer.

Biological process information: Lipopolysaccharide, differentiation, immune response, multicellular organ-
ism development, regulation of neuron death / actin cytoskeleton reorganization / actin filament polymeriza-
tion / cell proliferation / phosphorylation / protein binding / transcription, response to cytokine / ethanol

Additional references used: http://dx.doi.org/10.7314/APJCP.2012.13.10.5307

This protein failed QC. The below-limit-of-detection rate was 19.834 %

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
1.103 3.545 3.885 4.018 4.242 12.196 3

Standard deviation: 0.9071

Factors significantly associated with G-CSF: Sex, Transit Delay, Transit Delay Squared

G−CSF histogram with normal curve
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4.4.33 gal-8: Galectin-8

Alternative names: Po66 carbohydrate-binding protein, Po66-CBP, Prostate carcinoma tumour antigen 1,
PCTA-1

General information: Gal-8 has many suggested functions, such as development, differentiation, cell-cell
adhesion, cell-matrix interaction, growth regulation and programmed cell death. It is widely expressed in
tumours and has also been shown to have a role in defence against bacterial infection. In a study, serum
levels of gal-8 were found to be associated with welding, an occupation well-known to be hazardous to
health, and another study showed that high plasma levels of gal-8 were prognostic of poor outcomes in
ovarian cancer.

Biological process information: Autophagy

Additional references used: https://doi.org/10.3389/fpubh.2020.00422, https://doi.org/10.1038/s41598-017-
13802-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.369 7.870 8.208 8.175 8.501 9.718

Standard deviation: 0.4943

Factors significantly associated with gal-8: Age, Transit Delay, Transit Delay Squared

gal−8 histogram with normal curve

gal−8 NPX values
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4.4.34 GDF-8: Growth/differentiation factor 8

Alternative names: Myostatin

General information: GDF-8 is mostly found in skeletal muscles and inhibits the growth and differentiation
of muscle cells. A study found that serum GDF-8 levels were significantly elevated in chronic obstructive
pulmonary disease (COPD), and were related to skeletal muscle mass, suggesting that it contributes to
muscle wasting in COPD. Plasma GDF-8 may be a useful biomarker for type 2 diabetes.

Biological process information: Muscle cell homeostasis, muscle development, ovulation, regulation of in-
sulin receptor signaling pathway / kinase activity / muscle hypertrophy / myoblast differentiation / protein
kinase B signaling / satellite cell differentiation / lamellipodium assembly / macrophage chemotaxis / tran-
scription, response to dexamethasone stimulus / electrical stimulus / estrogen / ethanol / gravity / heat
/ muscle activity / testosterone, skeletal muscle atrophy, SMAD protein signal transduction, transforming
growth factor beta receptor signaling pathway

Additional references used: https://doi.org/10.1016/j.rmed.2011.07.016, https://doi.org/10.1007/s11596-
012-0092-9

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.7704 3.6034 3.9664 3.9612 4.3216 7.5020

Standard deviation: 0.5709

Factors significantly associated with GDF-8: Age, Sex

GDF−8 histogram with normal curve
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4.4.35 GDNF: Glial cell line-derived neurotrophic factor

Alternative names: Astrocyte-derived trophic factor, ATF, hGDNF

General information: GDNF enhances the survival and development of dopamine neurons and increases
dopamine uptake. The dopamine system is involved in Parkinson’s disease and thus GDNF has been sug-
gested as a treatment for Parkinson’s disease. A study showed that serum levels of GDNF are significantly
decreased in Alzheimer’s disease patients, making it a potential biomarker. Another study found serum
levels to be increased in generalized anxiety, panic, obsessive-compulsive and social phobia disorders.
Plasma levels have also been found to be increased in untreated attention deficit hyperactivity disorder.
Furthermore, it may be involved in several inflammation-related diseases.

Biological process information: Adult locomotory behaviour, apoptosis, development, mRNA stabilization,
peristalsis, regulation of cell differentiation / dopamine secretion / monooxygenase activity /ureteric bud
formation / dopamine uptake / gene expression, signal transduction

Additional references used: https://doi.org/10.1007/s10072-020-04909-1, https://doi.org/10.1016/j.cca.
2018.06.017, https://doi.org/10.3109/08039488.2015.1014834

This protein failed QC. The below-limit-of-detection rate was 88.059 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.8255 1.8369 2.0371 2.0545 2.2411 5.6073

Standard deviation: 0.3536

Factors significantly associated with GDNF: Age, Sex, Transit Delay

GDNF histogram with normal curve
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4.4.36 GDNFR-alpha-3: GDNF family receptor alpha-3

Alternative names: GDNF receptor alpha-3, GFR-alpha-3

General information: GDNFR-alpha-3 is a receptor involved in nervous system development, including form-
ing connections between neural cells and neuron movement.

Biological process information: Axon guidance, MAPK cascade, nervous system development, neuron mi-
gration, peripheral nervous system development, signal transduction, sympathetic nervous system develop-
ment

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.335 5.224 5.431 5.438 5.642 7.329

Standard deviation: 0.3419

Factors significantly associated with GDNFR-alpha-3: Age, Age Squared, Sex, Transit Delay, Transit Delay
Squared

GDNFR−alpha−3 histogram with normal curve
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4.4.37 GFR-alpha-1: GDNF family receptor alpha-1

Alternative names: GDNF receptor alpha-1, GDNFR-alpha-1, GFR-alpha-1, RET ligand 1, TGF-beta-related
neurotrophic factor receptor 1

General information: GFR-alpha-1 is a receptor which plays a key role in neuron survival and differentiation.
It may be involved in development of the nervous system within the gastrointestinal tract.

Biological process information: Axon guidance, cell surface receptor signaling pathway, MAPK cascade,
nervous system development

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.662 7.062 7.293 7.318 7.547 10.029

Standard deviation: 0.3999

Factors significantly associated with GFR-alpha-1: Age, Age Squared

GFR−alpha−1 histogram with normal curve
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4.4.38 GM-CSF-R-alpha: Granulocyte-macrophage colony-stimulating factor receptor subunit al-
pha

Alternative names: GMCSFR-alpha, GMR-alpha, CDw116, CD116

General information: GM-CSF-R-alpha is a receptor involved in the production of white blood cells. The
activated receptor transduces a signal that results in the proliferation, differentiation and functional activation
of haematopoietic cells. It may also have roles in neural cell signalling and forming connections between
neural cells.

Biological process information: Cellular protein metabolic process, cytokine-mediated signaling pathway,
MAPK cascade

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.509 5.978 6.420 6.310 6.725 9.652

Standard deviation: 0.597

Factors significantly associated with GM-CSF-R-alpha: Sex, Transit Delay

GM−CSF−R−alpha histogram with normal curve

GM−CSF−R−alpha NPX values
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4.4.39 GPC5: Glypican-5

Alternative names: No additional names available

General information: GPC5 may play a role in the control of cell division and growth regulation. There are
suggestions that it may be involved in neural tube development, as well as in processing light signals in the
eye.

Biological process information: Cell migration, glycosaminoglycan biosynthetic process, glycosaminoglycan
catabolic process, positive regulation of canonical Wnt signaling pathway, regulation of protein localization
to membrane, retinoid metabolic process

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.009 6.188 6.663 6.621 7.090 9.121

Standard deviation: 0.6902

Factors significantly associated with GPC5: Age, Transit Delay

GPC5 histogram with normal curve
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4.4.40 GZMA: Granzyme A

Alternative names: CTL tryptase, Cytotoxic T-lymphocyte proteinase 1, Fragmentin-1, Granzyme-1,
Hanukkah factor, H factor, HF

General information: As part of the body’s immune response to pathogens, infected cells can be recognised
and destroyed by so-called “natural killer cells” (NK cells) and cytotoxic T-lymphocytes (CTLs). NK cells and
CTLs recognise the target cell and release granules full of chemicals to destroy it. GZMA is one of these
chemicals. It is an enzyme that activates programmed cell death (apoptosis) in the target cell. Granzyme
levels in the blood are elevated in viral infection, rheumatoid arthritis and melioidosis.

Biological process information: Cytolysis

Additional references used: https://doi.org/10.1046/j.1365-2249.2003.02160.x

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.00011 7.12843 7.40544 7.43443 7.71847 11.08624

Standard deviation: 0.4911

Factors significantly associated with GZMA: Transit Delay, Transit Delay Squared

GZMA histogram with normal curve
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4.4.41 HAGH: Hydroxyacylglutathione hydrolase, mitochondrial

Alternative names: Glyoxalase II, Glx II

General information: Hyperglycaemia (high blood sugar) can lead to increased levels of metabolic by-
products in the blood, ultimately increasing the levels of damaging “free radicals”, which are associated
with many diseases. HAGH is involved in the detoxification of these metabolic by-products. The levels
of HAGH in plasma have been found to associate with Alzheimer’s disease who carry the genetic variant
known as “APOE E4”.

Biological process information: Glutathione biosynthetic process, methylglyoxal catabolic process to D-
lactate via S-lactoyl-glutathione, pyruvate metabolic process

Additional references used: https://dx.doi.org/10.4103%2F0973-7847.70902, https://doi.org/10.1038/
s41598-020-65038-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.854 2.733 3.217 3.390 3.823 10.983

Standard deviation: 1.059

Factors significantly associated with HAGH: Sex, Transit Delay

HAGH histogram with normal curve

HAGH NPX values
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4.4.42 IL-5R-alpha: Interleukin-5 receptor subunit alpha

Alternative names: CDw125, CD125, IL-5 receptor subunit alpha, IL-5R subunit alpha, IL-5R-alpha, IL-5RA

General information: IL-5R-alpha is part of a biological pathway associated with several allergic diseases,
including allergic rhinitis and asthma. In the nervous system, IL-5R-alpha may also help form connections
between neural cells. The level of IL-5R-alpha has been found to be markedly higher in the serum of young
children with eczema.

Biological process information: Cytokine-mediated signaling pathway, inflammatory response to antigenic
stimulus, MAPK cascade, positive regulation of leukocyte proliferation, regulation of interleukin-5 production,
signal transduction

Additional references used: https://doi.org/10.1111/j.1399-3038.2010.01077.x

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.658 3.737 4.113 4.160 4.517 8.518

Standard deviation: 0.6402

Factors significantly associated with IL-5R-alpha: Age, Sex

IL−5R−alpha histogram with normal curve
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4.4.43 IL12: Interleukin-12 subunit alpha and interleukin-12 subunit beta

Alternative names: IL-12A, IL-12B, Cytotoxic lymphocyte maturation factor 35 kDa subunit, Cytotoxic lym-
phocyte maturation factor 40 kDa subunit, CLMF p35, CLMF p40, IL-12 subunit p35, IL-12 subunit p40, NK
cell stimulatory factor chain 1, NK cell stimulatory factor chain 2, NKSF1, NKSF2

General information: IL12 stimulates immune cells. It helps certain immune cells (naive T-cells) to mature,
and helps other immune cells produce signalling molecules. IL12 may be a useful cancer therapy, not just
because of its role in the immune system, but because it has been shown to inhibit the formation of blood
vessels (a mechanism called “angiogenesis” which, in cancer, can help sustain tumours). IL12 may also be
involved in the perception of pain. In a study, serum levels of IL12 were found to be associated with welding,
an occupation well-known to be hazardous to health.

Biological process information: Host-virus interaction

Additional references used: https://www.sciencedirect.com/topics/neuroscience/interleukin-12, https://doi.
org/10.3389/fpubh.2020.00422

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.2555 8.4924 8.9129 8.9252 9.3574 13.1159

Standard deviation: 0.7065

Factors significantly associated with IL12: Age, Age Squared, Sex, Transit Delay

IL12 histogram with normal curve
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4.4.44 JAM-B: Junctional adhesion molecule B

Alternative names: Junctional adhesion molecule 2, JAM-2, Vascular endothelial junction-associated
molecule, VE-JAM, CD322

General information: JAM-B is a protein found on the surface of several cell types. It helps immune cells to
leave the bloodstream and enter the tissues where they are needed. It also helps maintain the bone marrow
environment for immature blood cells. Other processes associated with JAM-B include the development of
sperm cells, new blood vessel formation and tumour metastasis. Plasma levels of JAM-B have been found
to be decreased in Alzheimer’s disease.

Biological process information: Cell-cell adhesion, cellular extravasation, extracellular matrix organization,
leukocyte migration, leukocyte tethering or rolling, lymphocyte aggregation, maintenance of blood-brain
barrier, myoblast fusion, regulation of myelination, spermatid development

Additional references used: https://dx.doi.org/10.1111%2Fj.1365-2567.2009.03100.x, https://doi.org/10.
1182/blood-2010-12-323972, https://doi.org/10.3892/or.2016.4773, https://doi.org/10.1186/s40478-019-
0795-2

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.6786 7.0817 7.3049 7.3337 7.5485 9.5637

Standard deviation: 0.407

Factors significantly associated with JAM-B: Age, Age Squared, Sex

JAM−B histogram with normal curve
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4.4.45 KYNU: Kynureninase

Alternative names: L-kynurenine hydrolase

General information: KYNU carries out biological functions that include blood vessel dilation during inflam-
mation, and regulation of the immune response. KYNU activity may be connected with cognitive deficits
in both schizophrenia and cardiovascular disease, depressive symptoms associated with interferon treat-
ment for hepatitis C, as well as with Alzheimer’s disease. Increased levels of KYNU have been observed in
several cerebral and systemic inflammatory conditions. There is evidence that KYNU plasma protein levels
are affected by changes in gene expression caused by DNA variants. A study found a potential causal
association of circulating KYNU with diabetes.

Biological process information: Pyridine nucleotide biosynthesis

Additional references used: https://doi.org/10.1038/s41467-019-11177-x, https://doi.org/10.1161/
CIRCULATIONAHA.117.029536

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.6595 8.7007 9.0235 9.0564 9.3729 12.2431

Standard deviation: 0.5753

Factors significantly associated with KYNU: Age, Age Squared, Sex, Transit Delay

KYNU histogram with normal curve
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4.4.46 LAIR-2: Leukocyte-associated immunoglobulin-like receptor 2

Alternative names: CD306

General information: LAIR-2 may help the placenta implant in the endometrium by preventing collagen-
induced platelet aggregation and by promoting vessel formation. It may also inhibit the complement system:
a group of proteins that work together to destroy foreign invaders, trigger inflammation and remove debris
from cells and tissues. In a study, LAIR-2 was shown to be elevated in the serum of patients with autoimmune
thyroid diseases.

Biological process information: Regulation of immune response

Additional references used: https://doi.org/10.1007/3-540-29662-X_1911, https://doi.org/10.1159/
000354976, https://doi.org/10.1371/journal.pone.0063282

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.204 4.281 4.831 4.777 5.332 10.801

Standard deviation: 1.125

Factors significantly associated with LAIR-2: Age, Age Squared, Sex, Transit Delay

LAIR−2 histogram with normal curve

LAIR−2 NPX values
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4.4.47 LAT: Linker for activation of T-cells family member 1

Alternative names: 36 kDa phospho-tyrosine adapter protein, pp36, p36-38

General information: LAT is found in cell membranes and is involved in the signalling of immune cells: T-
cells, natural killer cells and mast cells. It is vital for the function and differentiation of T-cells. It has been
suggested that LAT has roles in signalling pathways in the nervous system.

Biological process information: Adaptive immunity, immunity, mast cell degranulation

Additional references used: https://doi.org/10.1101/cshperspect.a005512

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.248 5.993 6.218 6.214 6.431 7.775

Standard deviation: 0.3462

Factors significantly associated with LAT: Age, Sex, Transit Delay, Transit Delay Squared

LAT histogram with normal curve
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4.4.48 LAYN: Layilin

Alternative names: No additional names available

General information: LAYN is a critical protein that regulates T-cell function. It may have a role in cell
adhesion and motility, and may be connected to inflammatory bowel disease and neurofibromatosis 2, an
inherited condition characterised by multiple forms of benign intracranial tumours. It has an important role
in colorectal and gastric cancers.

Biological process information: No biological process terms available

Additional references used: https://doi.org/10.3389/fimmu.2019.00006

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9089 5.8278 6.0641 6.1220 6.3478 9.1607

Standard deviation: 0.4757

Factors significantly associated with LAYN: Age, Age Squared, Transit Delay

LAYN histogram with normal curve

LAYN NPX values
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4.4.49 LXN: Latexin

Alternative names: Endogenous carboxypeptidase inhibitor, ECI, Protein MUM, Tissue carboxypeptidase
inhibitor, TCI

General information: LXN regulates blood stem cell function and the development of blood cells. It is thought
to play a role in inflammation and may also be involved in the sensory perception of pain. It has also been
identified as a potential tumour suppressor in several types of solid tumours and lymphoma. Serum levels
of LXN have been found to be reduced in patients with chronic lymphocytic leukaemia.

Biological process information: Inflammatory response

Additional references used: https://doi.org/10.5455/medscience.2021.02.067, https://doi.org/10.1038/cddis.
2014.443

This protein failed QC. The below-limit-of-detection rate was 85.511 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.396 2.084 2.201 2.319 2.352 8.144

Standard deviation: 0.5977

Factors significantly associated with LXN: Transit Delay, Transit Delay Squared

LXN histogram with normal curve

LXN NPX values
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4.4.50 MANF: Mesencephalic astrocyte-derived neurotrophic factor

Alternative names: Arginine-rich protein, Protein ARMET

General information: MANF promotes the survival of dopamine neurons, and may have roles in neuron
development and neurotransmitter biosynthesis. It may be associated with neurodegenerative diseases,
including Parkinson’s disease, known for its relationship with the dopamine system. It has also been found
to protect pancreatic cells against stress-induced cell death. A study found that serum levels of MANF were
lower in women with polycystic ovary syndrome than in controls, and were correlated with measures of
insulin resistance and hyperandrogenism.

Biological process information: Stress response, unfolded protein response

Additional references used: https://doi.org/10.1007/s00125-018-4687-y, https://doi.org/10.1055/a-1082-
1080

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9733 8.5848 8.6514 8.6520 8.7192 9.1636

Standard deviation: 0.1553

Factors significantly associated with MANF: Age, Transit Delay, Transit Delay Squared

MANF histogram with normal curve
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4.4.51 MAPT: Microtubule-associated protein tau

Alternative names: Neurofibrillary tangle protein, Paired helical filament-tau, PHF-tau

General information: MAPT is found throughout the nervous system, including in brain cells. It is involved in
assembling and stabilizing microtubules, which are rigid, hollow fibres that help cells maintain their shape,
assist in the process of cell division and are essential for the transport of materials within cells. Mutations
in this protein cause neurological disorders, including “frontotemporal dementia with parkinsonism-17” and
“progressive supranuclear palsy”. A study found that plasma levels of MAPT decreased in patients with type
2 diabetes after induced hypoglycaemia (low blood sugar), which, taken together with their other findings,
suggests hypoglycaemia may increase the risk of Alzheimer’s disease.

Biological process information: Amino acid acetylation, apoptosis, cell signaling, distribution of mitochondria,
learning or memory, microtubule organization, nervous system development, regulation of gene expression
/ kinase activity / protein localization / autophagy / chromosome organization / synaptic depression, neu-
rofibrillary tangle assembly, response to lead ion / heat / reactive oxygen species, rRNA metabolic process,
stress granule assembly

Additional references used: https://doi.org/10.1111/dom.14220

This protein failed QC. The below-limit-of-detection rate was 99.797 %

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.05142 0.57901 0.68173 0.68958 0.79058 3.25510

Standard deviation: 0.1811

Factors significantly associated with MAPT: Transit Delay

MAPT histogram with normal curve
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4.4.52 MATN3: Matrilin-3

Alternative names: No additional names available

General information: MATN3 is expressed only in cartilaginous tissues, where it has a role in the develop-
ment and homeostasis of cartilage and bone. There is evidence that plasma protein levels of MATN3 can
alter DNA methylation levels at certain DNA sites, and vice versa.

Biological process information: Cartilage development, cellular protein metabolic process, extracellular ma-
trix organization, post-translational protein modification, skeletal system development

Additional references used: https://doi.org/10.1038/s41467-019-11177-x

Min. 1st Qu. Median Mean 3rd Qu. Max. NA’s
1.438 9.124 9.368 9.380 9.617 13.274 1

Standard deviation: 0.4448

Factors significantly associated with MATN3: Age Squared, Sex, Transit Delay

MATN3 histogram with normal curve
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4.4.53 MDGA1: MAM domain-containing glycosylphosphatidylinositol anchor protein 1

Alternative names: GPI and MAM protein, GPIM, Glycosylphosphatidylinositol-MAM, MAM domain-
containing protein 3

General information: MDGA1 might be involved in schizophrenia and bipolar disorder susceptibilities. It is
found in cell membranes and is expressed in the brain, heart, skeletal muscle and kidney. It plays a role in
the formation or maintenance of inhibitory synapses, and is needed for the development of the neocortex.
There is evidence that changes in gene expression caused by DNA variants may affect plasma protein
levels of MDGA1, and that plasma protein levels of MDGA1 may have a causal effect on methylation levels
at certain DNA sites (and vice versa).

Biological process information: Differentiation, neurogenesis

Additional references used: https://doi.org/10.1016/j.schres.2010.11.002, https://doi.org/10.1038/s41467-
019-11177-x

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.310 4.934 5.471 5.430 5.926 9.142

Standard deviation: 0.7115

Factors significantly associated with MDGA1: Age, Sex

MDGA1 histogram with normal curve
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4.4.54 MSR1: Macrophage scavenger receptor types I and II

Alternative names: Macrophage acetylated LDL receptor I and II, Scavenger receptor class A member 1,
CD204

General information: MSR1 is found in immune cells called macrophages, and is implicated in many
macrophage-associated processes including Alzheimer’s disease and atherosclerosis (an artery disease
which can lead to cardiovascular disease and stroke). MSR1 variants may also play a role in susceptibility
to prostate cancer. Serum levels of MSR1 were found to be higher in morbidly obese patients compared to
those of normal weight.

Biological process information: Endocytosis

Additional references used: https://doi.org/10.1530/endoabs.41.EP803

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.7951 7.2233 7.5600 7.5420 7.8966 9.0708

Standard deviation: 0.5158

Factors significantly associated with MSR1: Age, Sex, Transit Delay

MSR1 histogram with normal curve
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4.4.55 N-CDase: Neutral ceramidase

Alternative names: Acylsphingosine deacylase 2, BCDase, LCDase, hCD, N-acylsphingosine amidohydro-
lase 2, Non-lysosomal ceramidase, ASAH2, NCDase

General information: N-CDase is an enzyme that generates a molecule called sphingosine which inhibits
cell proliferation and stimulates cell differentiation and programmed cell death, thus having anti-inflammatory
and anti-cancer properties. N-CDase may be involved in the regulation of cholesterol absorption. A study
found that serum levels of N-CDase were increased after coffee intake. N-CDase’s enzyme activity may
also be affected by dietary fat and fibre.

Biological process information: Apoptosis, lipid metabolism, sphingolipid metabolism

Additional references used: https://doi.org/10.1007/s00394-019-02009-1, https://doi.org/10.1002/ejlt.
200700074

Min. 1st Qu. Median Mean 3rd Qu. Max.
-0.3087 3.9375 4.3262 4.2871 4.6882 6.2810

Standard deviation: 0.623

Factors significantly associated with N-CDase: Age, Age Squared, Sex

N−CDase histogram with normal curve
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4.4.56 N2DL-2: UL16-binding protein 2

Alternative names: ALCAN-alpha, NKG2D ligand 2, NKG2DL2, Retinoic acid early transcript 1H, ULBP2

General information: N2DL-2 is a stress-induced protein. When it is expressed on a tumour, it is recognised
by immune cells called cytotoxic lymphocytes which can then attack the tumour. If tumours are able to
shed N2DL-2, they may escape this process, and the protein will be measurable in the patient’s serum. It
also binds to a cytomegalovirus protein. Elevated N2DL-2 in the serum has been found to indicate a poor
prognosis for melanoma patients.

Biological process information: Host-virus interaction, immunity

Additional references used: https://doi.org/10.1158/1078-0432.CCR-09-0886, https://www.novoprotein.
com.cn/Public/Uploads/uploadfile/files/Protein_DS/CX42.pdf

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.214 3.640 3.872 3.908 4.124 8.455

Standard deviation: 0.4331

Factors significantly associated with N2DL-2: Age, Age Squared, Transit Delay

N2DL−2 histogram with normal curve
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4.4.57 NAAA: N-acylethanolamine-hydrolyzing acid amidase

Alternative names: Acid ceramidase-like protein, Acylsphingosine deacylase NAAA, N-acylsphingosine
amidohydrolase-like, ASAH-like protein

General information: NAAA plays an important role in lipid (fat) metabolism. Lipid-based messenger
molecules that relieve pain and inflammation are degraded by NAAA. Animal models suggest NAAA could
be a useful target for anti-inflammatory pain medication.

Biological process information: Fatty acid metabolism, lipid degradation, lipid metabolism

Additional references used: https://doi.org/10.1073/pnas.1811759115, https://dx.doi.org/10.1021/acs.
jmedchem.0c00191?ref=pdf

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.1668 3.5914 3.9811 4.0185 4.4040 8.8900

Standard deviation: 0.6268

Factors significantly associated with NAAA: Sex, Transit Delay, Transit Delay Squared

NAAA histogram with normal curve

NAAA NPX values
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4.4.58 NBL1: Neuroblastoma suppressor of tumourigenicity 1

Alternative names: DAN domain family member 1, Protein N03, Zinc finger protein DAN

General information: NBL1 may play an important role during growth and development, including nervous
system development. It blocks the action of bone morphogenic protein, which promotes the development of
bone, cartilage and other tissues. It has also been suggested as a possible tumour suppressor in the rare
cancer neuroblastoma.

Biological process information: Animal organ morphogenesis, determination of dorsal identity, negative reg-
ulation of BMP signaling pathway, negative regulation of monocyte chemotaxis, nervous system develop-
ment, neuron projection morphogenesis, positive regulation of neuron differentiation, sequestering of BMP
from receptor via BMP binding, sequestering of BMP in extracellular matrix

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.038 5.375 5.463 5.501 5.580 11.652

Standard deviation: 0.2708

Factors significantly associated with NBL1: Sex, Transit Delay

NBL1 histogram with normal curve
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4.4.59 NCAN: Neurocan core protein

Alternative names: Chondroitin sulfate proteoglycan 3

General information: NCAN is expressed specifically in the brain and is involved in neural development. It
has been identified as a susceptibility factor for bipolar disorder, and specific NCAN genotypes are strongly
associated with manic (but not depressive) symptoms. A study found that higher plasma levels of NCAN
were associated with larger brain volumes and with higher mid-life fluid cognitive ability.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1038/s41467-019-14161-7

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.296 8.846 9.063 9.040 9.268 10.130

Standard deviation: 0.3546

Factors significantly associated with NCAN: Age, Age Squared, Sex, Transit Delay

NCAN histogram with normal curve

NCAN NPX values
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4.4.60 NEP: Neprilysin

Alternative names: Atriopeptidase, Common acute lymphocytic leukaemia antigen, CALLA, Enkephalinase,
Neutral endopeptidase 24.11, NEP, Neutral endopeptidase, Skin fibroblast elastase, SFE, CD10

General information: NEP has an important role in degrading the protein that is implicated as a cause of
Alzheimer’s disease (amyloid beta peptide). It is also useful for diagnosing specific types of leukaemias
and lymphomas. There is evidence that DNA methylation is causal in altering plasma protein levels of NEP,
and vice versa. In a study, serum levels of NEP were found to be associated with welding, an occupation
well-known to be hazardous to health. Another study found that serum NEP was found to be significantly
higher in women with preeclampsia than women with an uncomplicated pregnancy.

Biological process information: Aging, amyloid-beta clearance, angiotensin maturation, cellular response to
cytokine / UV, development, learning or memory, metabolic process, neuropeptide processing, neutrophil
degranulation, regulation of long-term synaptic potentiation / neurogenesis, replicative senescence, sensory
perception of pain

Additional references used: https://doi.org/10.1038/s41467-019-11177-x, https://doi.org/10.3389/fpubh.
2020.00422, https://doi.org/10.1016/j.tjog.2021.07.015

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.8221 2.3595 2.6992 2.8559 3.2530 6.5678

Standard deviation: 0.7055

Factors significantly associated with NEP: Age Squared, Sex, Transit Delay

NEP histogram with normal curve
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4.4.61 NMNAT1: Nicotinamide/nicotinic acid mononucleotide adenylyltransferase 1

Alternative names: NMN/NaMN adenylyltransferase 1, Nicotinamide-nucleotide adenylyltransferase 1,
NMN adenylyltransferase 1, Nicotinate-nucleotide adenylyltransferase 1, NaMN adenylyltransferase 1

General information: NMNAT1 is widely expressed in skeletal muscle and throughout the brain, and is linked
to Alzheimer’s disease. It is an enzyme whose product is central to many biological pathways. NMNAT1may
confer protection to neurons damaged by mechanical or toxic events. In a study, serum levels of NMNAT1
were found to be associated with welding, an occupation well-known to be hazardous to health.

Biological process information: Pyridine nucleotide biosynthesis

Additional references used: https://doi.org/10.3389/fpubh.2020.00422

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.545 7.186 7.918 7.852 8.589 11.723

Standard deviation: 1.089

Factors significantly associated with NMNAT1: Transit Delay, Transit Delay Squared

NMNAT1 histogram with normal curve
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4.4.62 Nr-CAM: Neuronal cell adhesion molecule

Alternative names: Neuronal surface protein Bravo, hBravo, NgCAM-related cell adhesion molecule, Ng-
CAM-related

General information: Nr-CAM is involved in nervous system development. Variants in the Nr-CAM gene
have been linked to both autism and susceptibility to addiction behaviour. There are also suggested links
between Nr-CAM and some sleep disorders, and to subependymal glioma (a type of tumour). Nr-CAM is
also expressed in non-neural tissues and may play a general role in cell-cell communication.

Biological process information: Cell adhesion

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.195 9.882 9.994 9.987 10.106 10.946

Standard deviation: 0.2234

Factors significantly associated with Nr-CAM: Age Squared, Sex, Transit Delay

Nr−CAM histogram with normal curve

Nr−CAM NPX values
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4.4.63 NRP2: Neuropilin-2

Alternative names: Vascular endothelial cell growth factor 165 receptor 2

General information: NRP2 has roles in many systems in the body. It may play a role in both neuron
development and cardiovascular development, and is implicated in the development of tumours. It is also
important in the maturation and activation of immune cells. A mouse study found that serum NRP2 levels
could be a biomarker for benzo(a)pyrene-induced lung cancer.

Biological process information: Differentiation, host-virus interaction, neurogenesis

Additional references used: https://doi.org/10.1016/j.cbi.2015.12.017, https://doi.org/10.1016/j.molimm.
2017.08.010

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.2535 8.6604 8.7336 8.7327 8.8126 9.5755

Standard deviation: 0.1758

Factors significantly associated with NRP2: Age, Transit Delay

NRP2 histogram with normal curve
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4.4.64 NTRK2: BDNF/NT-3 growth factors receptor

Alternative names: GP145-TrkB, Trk-B, Neurotrophic tyrosine kinase receptor type 2, TrkB tyrosine kinase,
Tropomyosin-related kinase B

General information: NTRK2 is a growth factor receptor and is central to the development and maturation
of the nervous system. When molecules called neurotrophin bind to it, it relays a signal that ultimately leads
to cell differentiation. It plays a role in learning and memory. Mutations in the NTRK2 gene have been
associated with obesity and mood disorders.

Biological process information: Differentiation, neurogenesis

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.7297 6.3552 6.4737 6.4630 6.5879 7.8303

Standard deviation: 0.2089

Factors significantly associated with NTRK2: Age, Age Squared, Transit Delay, Transit Delay Squared

NTRK2 histogram with normal curve

NTRK2 NPX values
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4.4.65 NTRK3: NT-3 growth factor receptor

Alternative names: GP145-TrkC, Trk-C, Neurotrophic tyrosine kinase receptor type 3, TrkC tyrosine kinase

General information: NTRK3 mediates a number of neurological functions connected to neuron survival
and differentiation. It may have a role in the development of neurons that sense body position. It has been
associated with several psychiatric disorders. It probably has a role in heart development.

Biological process information: Differentiation, neurogenesis

Additional references used: http://dx.doi.org/10.1016/j.psychres.2010.05.011

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.559 7.304 7.489 7.475 7.658 8.912

Standard deviation: 0.2882

Factors significantly associated with NTRK3: Age, Sex, Transit Delay, Transit Delay Squared

NTRK3 histogram with normal curve

NTRK3 NPX values

F
re

qu
en

cy

2 4 6 8

0
20

0
40

0
60

0
80

0

LOD: 2.21

−4 −2 0 2 4

2
4

6
8

NTRK3 q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

178

http://dx.doi.org/10.1016/j.psychres.2010.05.011


4.4.66 PDGF-R-alpha: Platelet-derived growth factor receptor alpha

Alternative names: PDGF-R-alpha, PDGFR-alpha, Alpha platelet-derived growth factor receptor, Alpha-type
platelet-derived growth factor receptor, CD140 antigen-like family member A, CD140a antigen, Platelet-
derived growth factor alpha receptor, Platelet-derived growth factor receptor 2, PDGFR-2, CD140a

General information: PDGF-R-alpha plays an essential role in the regulation of embryonic development, cell
proliferation, survival and movement, and can either promote or inhibit cell proliferation and cell migration,
depending on the context. In addition to many developmental processes and wound healing in the adult,
PDGF-R-alpha may also be involved in neurological processes.

Biological process information: Chemotaxis, host-virus interaction

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.157 6.397 6.594 6.597 6.794 8.430

Standard deviation: 0.3301

Factors significantly associated with PDGF-R-alpha: Age, Age Squared, Sex, Transit Delay

PDGF−R−alpha histogram with normal curve

PDGF−R−alpha NPX values
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4.4.67 PLXNB1: Plexin-B1

Alternative names: Semaphorin receptor SEP

General information: PLXNB1 is found in multiple tissues, including foetal kidney. It is involved in neuronal
development, helping to form connections between neural cells. A study found that circulating PLXNB1
was higher in patients with multiple myeloma than health subjects. It may also be implicated in multiple
myeloma-induced bone disease.

Biological process information: Cell migration, G protein-coupled receptor signaling pathway, inhibitory
synapse assembly, negative regulation of cell adhesion / osteoblast proliferation, neuron projection mor-
phogenesis, ossification involved in bone maturation, positive regulation of axonogenesis / GTPase activity
/ phosphatidylinositol 3-kinase signaling, regulation of cell shape, regulation of cytoskeleton organization,
semaphorin-plexin signaling pathway, signal transduction

Additional references used: https://doi.org/10.1038/s41408-018-0075-6

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9703 1.6953 1.8526 1.9336 2.0382 8.1801

Standard deviation: 0.4697

Factors significantly associated with PLXNB1: Age, Transit Delay

PLXNB1 histogram with normal curve

PLXNB1 NPX values
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4.4.68 PLXNB3: Plexin-B3

Alternative names: https://doi.org/10.1016/j.cmpb.2021.105996

General information: PLXNB3 is involved in neuronal development, helping to form connections between
neural cells. It is expressed in several different cells of the nervous system, as well as in gliomas, a type
of tumour. A study found that blood levels of PLXNB3 were useful for classifying the severity of COVID-19
cases using a machine learning approach.

Biological process information: Neurogenesis

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.354 6.153 6.328 6.311 6.500 7.209

Standard deviation: 0.2978

Factors significantly associated with PLXNB3: Age, Age Squared, Sex, Transit Delay, Transit Delay Squared

PLXNB3 histogram with normal curve
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4.4.69 PRTG: Protogenin

Alternative names: Protein Shen-Dan

General information: PRTG is involved in development of the nervous system. It may be associated with neu-
ralgia, demyelinating diseases (which involve the destruction of the fatty, protective sheath around nerves)
and dyslexia. Serum levels of PRTG have been nominally associated with coffee intake.

Biological process information: Negative regulation of neurogenesis

Additional references used: https://doi.org/10.1007/s00394-019-02009-1

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.353 6.235 6.417 6.417 6.604 7.886

Standard deviation: 0.3086

Factors significantly associated with PRTG: Age, Sex

PRTG histogram with normal curve
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4.4.70 PVR: Poliovirus receptor

Alternative names: Nectin-like protein 5, NECL-5, CD155

General information: PVR is a cell surface protein, initially identified as the receptor for the human poliovirus,
but it has a wide range of functions beyond this. It has important roles in the immune response, including
helping natural killer cells to perform their functions. It is also an important cell adhesion protein, keeping
epithelial cells attached to each other. Circulating levels of PVR have been associated with the size of the
cortex in the brain and with cognitive ability.

Biological process information: Cell adhesion, host-virus interaction

Additional references used: https://doi.org/10.1016/j.virusres.2017.09.001, https://doi.org/10.1038/s41467-
019-14161-7

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.246 8.031 8.212 8.209 8.392 9.565

Standard deviation: 0.3234

Factors significantly associated with PVR: Age, Age Squared, Sex

PVR histogram with normal curve
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4.4.71 RGMA: Repulsive guidance molecule A

Alternative names: RGM domain family member A

General information: RGMA performs several functions in the nervous system, both during development
and in the adult. It helps neurons in the retina form connections. It also has roles in growth and in the
immune system, and may be a tumour suppressor in some cancers.

Biological process information: BMP signaling pathway, negative regulation of axon regeneration, positive
regulation of transcription by RNA polymerase II

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.142 10.883 11.077 11.058 11.255 12.063

Standard deviation: 0.3187

Factors significantly associated with RGMA: Age, Age Squared, Sex, Transit Delay, Transit Delay Squared

RGMA histogram with normal curve
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4.4.72 RGMB: Repulsive guidance molecule B

Alternative names: DRG11-responsive axonal guidance and outgrowth of neurite, DRAGON

General information: RGMB is involved in the development of the nervous system, and there is some ev-
idence that plasma levels of RGMB are related to adult cognitive ability and Alzheimer’s disease. It is ex-
pressed not only in the embryonic and developing nervous system, but also in the epithelial cells of kidney
tubules, and it also seems to have roles in the immune system. RGMB may be involved in several cancers,
including colon and breast cancers.

Biological process information: BMP signaling pathway, cell adhesion, positive regulation of transcription,
signal transduction

Additional references used: https://doi.org/10.1038/s41467-019-14161-7, https://dx.doi.org/10.18632%
2Foncotarget.4110, https://doi.org/10.1002/jcb.24128, https://doi.org/10.1186/s40478-019-0795-2

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.194 6.261 6.484 6.491 6.712 8.537

Standard deviation: 0.3705

Factors significantly associated with RGMB: Age, Age Squared, Sex, Transit Delay

RGMB histogram with normal curve

RGMB NPX values
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4.4.73 ROBO2: Roundabout homolog 2

Alternative names: No additional names available

General information: ROBO2 has a role in neural development, including the formation of connections
between neural cells. ROBO2 has been linked to autism, and a genetic variant near the ROBO2 gene has
been associated with expressive vocabulary in infancy.

Biological process information: Chemotaxis, differentiation, neurogenesis

Additional references used: https://doi.org/10.1038/ncomms5831

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.181 5.510 5.728 5.726 5.945 8.455

Standard deviation: 0.3584

Factors significantly associated with ROBO2: Age, Age Squared, Sex

ROBO2 histogram with normal curve
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4.4.74 RSPO1: R-spondin-1

Alternative names: Roof plate-specific spondin-1, hRspo1

General information: RSPO1 has a range of roles in the human body. It is vital for the process of female
sex development, notably ovary determination. RSPO1 expression has been reported to be elevated in
high-grade gliomas (a type of tumour) and was associated with worse prognosis for patients. There is
also evidence that RSPO1 expression in gliomas is induced by radiation treatment and may play a role
in radiation resistance. A study found that serum levels of RSPO1 are significantly related to obesity and
insulin resistance, although the precise mechanisms remain unknown.

Biological process information: Sensory transduction, Wnt signaling pathway

Additional references used: https://doi.org/10.4093/dmj.2018.0066

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.7599 3.5087 3.7512 3.7602 3.9881 6.7101

Standard deviation: 0.3926

Factors significantly associated with RSPO1: Age, Age Squared, Transit Delay

RSPO1 histogram with normal curve
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4.4.75 SCARA5: Scavenger receptor class A member 5

Alternative names: Scavenger receptor hlg

General information: SCARA5 has a role in blood iron homeostasis. It helps ferritin-bound iron to be de-
livered into cells, which is required for the development of specific cell types. It seems to be involved in
several cancers, and a study found that SCARA5 in the serum can be used to identify oral squamous cell
carcinoma.

Biological process information: Ion transport, iron transport, transport

Additional references used: https://doi.org/10.1002/prca.201700180

Min. 1st Qu. Median Mean 3rd Qu. Max.
2.094 8.779 8.964 8.952 9.142 9.925

Standard deviation: 0.303

Factors significantly associated with SCARA5: Age, Age Squared, Sex

SCARA5 histogram with normal curve
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4.4.76 SCARB2: Lysosome membrane protein 2

Alternative names: 85 kDa lysosomal membrane sialoglycoprotein, LGP85, CD36 antigen-like 2, Lysosome
membrane protein II, LIMP II, Scavenger receptor class B member 2, CD36

General information: SCARB2 is mainly found in the membranes of endosomes and lysosomes. Endo-
somes and lysosomes are membrane-bound organelles found inside cells. Endosomes transport material
from outside the cell to the inside, whereas lysosomes are primarily involved in degrading large molecules.
There is evidence that SCARB2 transports cholesterol and other lipids to lysosome membranes. It also
appears to be involved in host-virus interactions and may have a role in hand, foot and mouth disease. In
the heart, it is found in regions known as intercalated discs, which connect individual heart muscle cells
together to form strong fibres.

Biological process information: Host-virus interaction

Additional references used: https://doi.org/10.1007/s11033-020-05993-4, https://doi.org/10.1038/s41467-
019-11425-0

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.242 5.129 5.373 5.424 5.657 8.422

Standard deviation: 0.463

Factors significantly associated with SCARB2: Age, Age Squared, Sex, Transit Delay, Transit Delay
Squared

SCARB2 histogram with normal curve
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4.4.77 SCARF2: Scavenger receptor class F member 2

Alternative names: SRECRP-1, Scavenger receptor expressed by endothelial cells 2 protein, SREC-II

General information: Little is known about SCARF2, but it may function as a cellular adhesion protein. Mu-
tations in the SCARF2 gene are associated with Van den Ende-Gupta syndrome, a syndrome characterized
by craniofacial and skeletal abnormalities. It is an unfavourable prognostic marker in renal and urothelial
cancers. In a study of skin blister fluid in early systemic sclerosis, SCARF2 was one of the top 20 increased
proteins (compared to dermal interstitial fluid in healthy subjects).

Biological process information: Heterophilic cell-cell adhesion via plasma membrane cell adhesion
molecules

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.8169 7.1222 7.4007 7.4051 7.6925 9.2633

Standard deviation: 0.4548

Factors significantly associated with SCARF2: Age, Age Squared, Transit Delay

SCARF2 histogram with normal curve
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4.4.78 sFRP-3: Secreted frizzled-related protein 3

Alternative names: Frezzled, Fritz, Frizzled-related protein 1, FrzB-1

General information: sFRP-3 plays a role in regulating embryonic bone development and is involved in the
development of osteogenic sarcoma (a type of tumour) as well as other cancers. Defects in sFRP-3 protein
function are associated with female-specific osteoarthritis. A study found that heart failure patients had
higher serum sFRP-3 than controls, and that sFRP-3 levels were associated with mortality.

Biological process information: Differentiation, Wnt signaling pathway

Additional references used: https://doi.org/10.1111/joim.12175, https://doi.org/10.1111/apm.12588

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.784 5.243 5.531 5.489 5.784 6.716

Standard deviation: 0.435

Factors significantly associated with sFRP-3: Age, Sex

sFRP−3 histogram with normal curve
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4.4.79 Siglec-9: Sialic acid-binding Ig-like lectin 9

Alternative names: CDw329, Protein FOAP-9, CD329

General information: Siglec-9 is found on certain immune cells. It is thought to have roles in cellular adhesion
and in regulation of the immune response. Reduced serum siglec-9 levels have been associated with a type
of vasculitis.

Biological process information: Cell adhesion

Additional references used: https://doi.org/10.1093/rheumatology/kez057.021

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.474 5.355 5.571 5.559 5.779 6.790

Standard deviation: 0.3217

Factors significantly associated with Siglec-9: Age, Sex, Transit Delay, Transit Delay Squared

Siglec−9 histogram with normal curve
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4.4.80 SIGLEC1: Sialoadhesin

Alternative names: Sialic acid-binding Ig-like lectin 1, Siglec-1, CD169

General information: SIGLEC1 is found on the surface of a type of immune cell (macrophages) which bind
to other immune cells (mostly neutrophils). It is expressed by macrophages in various tissues, with highest
levels seen in spleen, lymph node and brain. SIGLEC1 may play a role in the generation of blood cells, and
in inherited disorders that damage neurons’ protective sheaths.

Biological process information: Cell adhesion, endocytosis

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.247 6.343 6.640 6.654 6.959 9.136

Standard deviation: 0.5138

Factors significantly associated with SIGLEC1: Age, Age Squared

SIGLEC1 histogram with normal curve
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4.4.81 SKR3: Serine/threonine-protein kinase receptor R3

Alternative names: ACVRL1, Activin receptor-like kinase 1, ALK-1, TGF-B superfamily receptor type I, TSR-I

General information: SKR3 is found on the surface of cells, especially in the lining of developing arteries. It
is a receptor, meaning it acts as a “lock” waiting for a specific protein, called its ligand, to serve as the “key.”
For SKR3, the ligand is called transforming growth factor beta. The interaction between these proteins
plays a role in the development of blood vessels. In particular, this protein interaction is involved in the
specialization of new blood vessels into arteries or veins. Mutations in the gene for this protein are associated
with haemorrhagic telangiectasia type 2, also known as Rendu-Osler-Weber syndrome 2.

Biological process information: Angiogenesis

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.171 7.026 7.223 7.252 7.446 9.437

Standard deviation: 0.3656

Factors significantly associated with SKR3: Age, Age Squared, Sex

SKR3 histogram with normal curve
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4.4.82 SMOC2: SPARC-related modular calcium-binding protein 2

Alternative names: Secreted modular calcium-binding protein 2, SMOC-2, Smooth muscle-associated pro-
tein 2, SMAP-2

General information: SMOC2 is part of the SPARC family of proteins, whose members are highly expressed
during embryo development and wound healing. It plays an important role in the regulation of cell cycle
progression, cell attachment to the extracellular matrix, tissue fibrosis (damage caused by prolonged inflam-
mation), calcification, new blood vessel formation, birth defects, cancer development and lung function.

Biological process information: Extracellular matrix organization, regulation of angiogenesis / DNA biosyn-
thetic process / endothelial cell chemotaxis / growth factor receptor signaling pathway / cell cycle / vascular
wound healing

Additional references used: https://dx.doi.org/10.1097%2FCM9.0000000000000472

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.640 8.120 8.422 8.423 8.734 10.288

Standard deviation: 0.4932

Factors significantly associated with SMOC2: Age, Age Squared, Sex, Transit Delay

SMOC2 histogram with normal curve
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4.4.83 SMPD1: Sphingomyelin phosphodiesterase

Alternative names: Acid sphingomyelinase, aSMase

General information: SMPD1 has an important role in nervous system development. Some mutations in
the SMPD1 gene cause the degenerative disorder Niemann-Pick disease, while other variants may confer
risk for Parkinson’s disease. SMPD1 activity may be related to anxiety and depression, and it is inhibited by
several antidepressants.

Biological process information: Cellular response to calcium ion / UV, ceramide biosynthetic process, choles-
terol / glycosphingolipid metabolic process, negative regulation of MAP kinase activity, nervous system
development, plasma membrane repair, positive regulation of apoptotic process / endocytosis / protein de-
phosphorylation, response to cocaine / drug / interleukin-1 / ionizing radiation / tumour necrosis factor / type
I interferon / virus, signal transduction, sphingomyelin catabolic process, viral entry into host cell, wound
healing

Additional references used: https://doi.org/10.1007/s11062-017-9615-0

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.292 4.867 5.154 5.175 5.452 7.811

Standard deviation: 0.4766

Factors significantly associated with SMPD1: Age, Sex

SMPD1 histogram with normal curve
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4.4.84 SPOCK1: Testican-1

Alternative names: Protein SPOCK

General information: SPOCK1 was first isolated in human testes, but is expressed highly in the brain and
is believed to contribute to neurological development. It is also present in other tissues, such as cartilage
and myoblasts. SPOCK1 has been observed to play crucial roles in cell cycle regulation, programmed cell
death and DNA repair. It also sems to play extensive roles in human cancers, including tumour progression
and invasion, and may serve as a prognostic marker in gallbladder cancer. A study found that, in septic
patients, SPOCK1 protein level in the blood is related to the severity of sepsis.

Biological process information: Cell adhesion, regulation of cell-substrate adhesion / endopeptidase activity,
nervous system development, regulation of cell growth

Additional references used: https://doi.org/10.1002/jcb.26661, https://doi.org/10.1111/j.1440-1827.1993.
tb02569.x, https://dx.doi.org/10.2147%2FDDDT.S91321

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9571 2.7280 2.9506 2.9459 3.1615 6.2211

Standard deviation: 0.3354

Factors significantly associated with SPOCK1: Age, Age Squared, Sex, Transit Delay, Recently Eaten

SPOCK1 histogram with normal curve
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4.4.85 THY 1: Thy-1 membrane glycoprotein

Alternative names: CDw90, Thy-1 antigen, CD90

General information: THY 1 is a cell surface protein which is used to identify stem cells in vitro. It acts
as a neurological protein, having roles in processes such as the regulation of axon growth, formation of
synapses, nerve regeneration and in normal cognitive behaviour. Plasma levels of THY 1 have been found
to be decreased in patients with Alzheimer’s disease or amyloid-beta-positive mild cognitive impairment.

Biological process information: Angiogenesis, cell adhesion / signaling, cytoskeleton organization, regula-
tion of axonogenesis / cell migration / neuron projection regeneration / protein kinase activity / extravasation
/ focal adhesion assembly / GTPase activity / T-cell activation, receptor clustering, retinal cone cell develop-
ment

Additional references used: https://doi.org/10.3389/fcell.2019.00066, https://doi.org/10.1186/s40478-019-
0795-2

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.601 10.093 10.254 10.245 10.409 11.147

Standard deviation: 0.2831

Factors significantly associated with THY 1: Age, Age Squared, Sex, Transit Delay, Transit Delay Squared

THY 1 histogram with normal curve

THY 1 NPX values

F
re

qu
en

cy

2 4 6 8 10

0
20

0
40

0
60

0
80

0
10

00

LOD: 3.01

−4 −2 0 2 4

2
4

6
8

10

THY 1 q−q plot

Theoretical Quantiles

S
am

pl
e 

Q
ua

nt
ile

s

198

https://doi.org/10.3389/fcell.2019.00066
https://doi.org/10.1186/s40478-019-0795-2
https://doi.org/10.1186/s40478-019-0795-2


4.4.86 TMPRSS5: Transmembrane protease serine 5

Alternative names: Spinesin

General information: TMPRSS5 is mainly expressed in the brain and spinal cord, particularly in neurons
and at synapses. It may play a role in hearing and there is some association with neuroblastoma (a type
of cancer). In a study, serum levels of TMPRSS5 were found to be associated with welding, an occupation
well-known to be hazardous to health. Another study found plasma TMPRSS5 to be elevated in Charcot-
Marie-Tooth disease.

Biological process information: Proteolysis

Additional references used: https://doi.org/10.3389/fpubh.2020.00422, https://doi.org/10.1002/acn3.50965

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.007 2.978 3.205 3.204 3.430 9.567

Standard deviation: 0.3646

Factors significantly associated with TMPRSS5: Age, Transit Delay

TMPRSS5 histogram with normal curve
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4.4.87 TN-R: Tenascin-R

Alternative names: Janu, Restrictin

General information: TN-R is mostly found in the material surrounding cells (extracellular matrix) in the
central nervous system. It interacts with different cells and matrix components and is associated with sev-
eral neurological processes, including dendrite extension, neuron cell-cell adhesion, myelination and axon
regeneration.

Biological process information: Cell adhesion

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.8447 3.5382 3.8416 3.8391 4.1403 6.7885

Standard deviation: 0.4622

Factors significantly associated with TN-R: Sex

TN−R histogram with normal curve
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4.4.88 TNFRSF12A: Tumour necrosis factor receptor superfamily member 12A

Alternative names: Fibroblast growth factor-inducible immediate-early response protein 14, FGF-inducible
14, Tweak-receptor, TweakR, CD266

General information: TNFRSF12A has a range of different roles including axon extension in neurons, pro-
moting the formation of new blood vessels and the proliferation of endothelial cells. In some cell types it
is also known to weakly induce programmed cell death. It is an important molecule in cardiac hypertro-
phy disease, cardiac shock, retinal inflammation and atherosclerosis-related diseases, and has been found
to be involved in a biological pathway that protects the brain and heart from ischaemia-reperfusion injury
after Shuxuening injection (a widely prescribed herbal medicine of Ginkgo biloba extract for cerebral and
cardiovascular diseases in China).

Biological process information: Angiogenesis, apoptosis, cell adhesion, differentiation

Additional references used: https://doi.org/10.3389/fphar.2018.00312

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.9887 4.0978 4.3883 4.4074 4.6805 6.5034

Standard deviation: 0.4588

Factors significantly associated with TNFRSF12A: Age, Age Squared, Sex, Transit Delay

TNFRSF12A histogram with normal curve
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4.4.89 TNFRSF21: Tumour necrosis factor receptor superfamily member 21

Alternative names: Death receptor 6, CD358

General information: TNFRSF21 is found on the surface of cells and acts as a receptor, receiving and
relaying signals. In the nervous system, TNFRSF21 plays a role in programmed neuronal death, sometimes
in response to amyloid peptides. This pathway can trigger axonal degradation in patients with Alzheimer’s
disease. It may also be an immune protein, since mouse studies suggest that it plays a role in the activation
of T-helper cells, and may be involved in inflammation and immune regulation. In a study, serum levels of
TNFRSF21 were found to be associated with welding, an occupation well-known to be hazardous to health.

Biological process information: Adaptive immunity, Apoptosis, host-virus interaction, immunity

Additional references used: https://doi.org/10.3389/fpubh.2020.00422

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.3085 8.1701 8.3022 8.2847 8.4168 8.8699

Standard deviation: 0.2305

Factors significantly associated with TNFRSF21: Age, Age Squared, Transit Delay

TNFRSF21 histogram with normal curve
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4.4.90 UNC5C: Netrin receptor UNC5C

Alternative names: Protein unc-5 homolog 3, Protein unc-5 homolog C

General information: UNC5C is a member of the netrins, a family of proteins that direct neural development
processes. A mouse study found that it is important to the development of the hindbrain. UNC5C also
performs an important role in intestinal epithelial biology and is frequently are down-regulated in colorectal
cancer. In the plasma, UNC5C has been found to be decreased in patients with Alzheimer’s disease or
amyloid-beta-positive mild cognitive impairment.

Biological process information: Apoptosis

Additional references used: https://doi.org/10.1523/JNEUROSCI.5254-10.2011, https://doi.org/10.1053/j.
gastro.2007.08.074, https://doi.org/10.1186/s40478-019-0795-2

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.597 5.064 5.301 5.319 5.557 8.536

Standard deviation: 0.4164

Factors significantly associated with UNC5C: Age, Age Squared, Sex
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4.4.91 VWC2: Brorin

Alternative names: Brain-specific chordin-like protein, von Willebrand factor C domain-containing protein 2

General information: VWC2 blocks the activity of bone morphogenic proteins, which are known for their
ability to induce the formation of bone and cartilage. VWC2 may also play a role in neural development and
function, and promoting cell adhesion. In a study, serum levels of VWC2 were found to be associated with
welding, an occupation well-known to be hazardous to health. Plasma levels of VWC2 have been found to
be associated with the polygenic risk score for chronic kidney disease.

Biological process information: Negative regulation of BMP signaling pathway, positive regulation of cell-
substrate adhesion, positive regulation of neuron differentiation

Additional references used: https://doi.org/10.3389/fpubh.2020.00422, https://doi.org/10.1038/s42255-021-
00478-5

Min. 1st Qu. Median Mean 3rd Qu. Max.
1.698 5.522 5.888 5.892 6.238 8.464

Standard deviation: 0.5652

Factors significantly associated with VWC2: Age, Age Squared, Sex, Transit Delay
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4.4.92 WFIKKN1: WAP Kazal immunoglobulin Kunitz and NTR domain-containing protein 1

Alternative names: Growth and differentiation factor-associated serum protein 2, GASP-2, hGASP-2, WAP
follistatin immunoglobulin Kunitz and NTR domain-containing protein

General information: WFIKKN1 blocks the activity of certain proteases (protein-degrading enzymes) and
certain “growth and differentiation factor” proteins. The WFIKKN1 gene has been used as part of a “gene
signature” in the prognosis of bladder cancer.

Biological process information: Muscle fibre development, negative regulation of DNA binding, negative reg-
ulation of protein binding, negative regulation of transforming growth factor beta receptor signaling pathway,
roof of mouth development, skeletal system development

Additional references used: https://doi.org/10.1038/s41598-021-96373-w, https://doi.org/10.1111/j.1742-
4658.2010.07909.x

Min. 1st Qu. Median Mean 3rd Qu. Max.
0.8169 3.4648 3.7526 3.7551 4.0388 6.4508

Standard deviation: 0.4444

Factors significantly associated with WFIKKN1: Age, Sex, Transit Delay

WFIKKN1 histogram with normal curve
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5 Appendix 1: Limit of detection

5.1 Table of limit of detection values for each protein

Limit of detection values can be downloaded as a separate file. For reference, they are also reproduced
below:

LOD

ADAM 22 1.80
ADAM 23 1.60
Alpha-2-MRAP 2.50
ANG 2.70
ANGPTL3 2.10

AOC3 1.60
APOM 2.50
BCAN 1.70
Beta-NGF 0.84
BMP-4 2.90

C1QTNF1 2.50
C2 2.20
CA1 2.20
CA3 1.10
CA4 1.60

CADM3 0.42
CCL14 2.20
CCL18 3.20
CCL5 1.70
CD200 2.70

CD200R1 1.40
CD38 2.40
CD46 1.70
CD59 -0.22
CDH1 0.69

CDH3 3.10
CDH6 1.50
CES1 2.50
CFHR5 3.40
CHL1 2.00

CLEC10A 2.60
CLEC1B 3.10
CLM-1 2.00
CLM-6 2.00
CNDP1 1.70

CNTN5 1.80
COL18A1 1.70
COMP 3.00
CPA2 2.20
CPM 1.60

CR2 2.80
CRTAC1 1.80
CRTAM 2.30
CST3 2.00
CTSC 0.96

CTSS 0.66

LOD

DDR1 2.40
DEFA1 1.60
Dkk-4 1.40
DPP4 1.20
DRAXIN 1.50

EDA2R 1.10
EFEMP1 2.30
EFNA4 2.20
ENG 0.70
EPHB6 2.30

EZR 0.85
F11 2.10
F7 2.70
FAP 1.60
FCGR2A 0.55

FCGR3B 1.50
FCN2 1.90
FcRL2 2.00
FETUB -0.74
FLRT2 1.10

G-CSF 3.40
gal-8 1.70
GAS6 2.80
GDF-8 2.30
GDNF 2.40

GDNFR-alpha-3 1.90
GFR-alpha-1 2.40
GM-CSF-R-alpha 2.30
GNLY 1.00
GP1BA 1.80

GPC5 1.90
GZMA 1.10
HAGH 2.10
ICAM1 2.60
ICAM3 2.00

IGFBP3 0.46
IGFBP6 2.40
IGLC2 2.10
IL-5R-alpha 3.10
IL12 5.80

IL7R 1.20
ITGAM 0.49
JAM-B 1.00
KIT 2.50
KYNU 2.80

LAIR-2 1.80

LOD

LAT 2.70
LAYN 1.90
LCN2 0.86
LILRB1 0.24
LILRB2 1.60

LILRB5 1.70
LTBP2 2.60
LXN 2.50
LYVE1 1.80
MANF 1.90

MAPT 1.60
MATN3 2.90
MBL2 4.80
MDGA1 2.00
MEGF9 2.30

MET 1.40
MFAP5 1.80
MSR1 1.70
N-CDase 1.10
N2DL-2 1.70

NAAA 1.90
NBL1 1.80
NCAM1 2.10
NCAN 2.50
NEP 1.50

NID1 2.20
NMNAT1 2.50
NOTCH1 2.10
Nr-CAM 2.40
NRP1 0.25

NRP2 1.70
NTRK2 2.10
NTRK3 2.20
OSMR -1.40
PAM 0.19

PCOLCE 1.90
PDGF-R-alpha 1.90
PLA2G7 2.30
PLTP 2.40
PLXNB1 1.40

PLXNB2 1.50
PLXNB3 1.90
PRCP 0.62
PROC 1.30
PRSS2 1.30

PRTG 1.80

LOD

PTPRS 0.58
PVR 2.10
QPCT -0.11
REG1A 3.60
REG3A 2.70

RGMA 2.60
RGMB 1.90
ROBO2 1.70
RSPO1 1.30
SAA4 0.84

SCARA5 3.30
SCARB2 1.80
SCARF2 1.80
SELL 3.60
SERPINA5 3.30

SERPINA7 1.90
sFRP-3 2.90
Siglec-9 2.10
SIGLEC1 2.50
SKR3 1.90

SMOC2 2.10
SMPD1 1.80
SOD1 0.98
SPARCL1 1.60
SPOCK1 1.80

ST6GAL1 1.70
TCN2 2.10
TGFBI 4.80
TGFBR3 2.40
THBS4 1.50

THY 1 3.00
TIE1 0.31
TIMD4 1.80
TIMP1 0.78
TMPRSS5 1.70

TN-R 1.40
TNC 0.97
TNFRSF12A 1.50
TNFRSF21 0.96
TNXB 1.20

UMOD 1.70
UNC5C 1.20
VASN 0.77
VCAM1 1.80
VWC2 2.80

WFIKKN1 1.80
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6 Appendix 2: Methods

6.1 Linear regressions

Linear regression analyses were carried out using R to examine whether certain factors were related to pro-
tein concentrations. As mentioned, we used a bonferroni-corrected p value significance threshold, corrected
for the number of proteins:

0.05/𝑛.𝑝𝑟𝑜𝑡𝑒𝑖𝑛𝑠 = 0.05/184 = 0.0002717
Here we describe these analyses in more detail. We have included examples of the R code used.

6.1.1 Age, age-squared and sex

We used a mean-centred, scaled age variable (ranging from -2.08 to 2.8), from which we also calculated
scaled-age-squared (ranging from 0.00033 to 7.82) in order to avoid very large values for age-squared
(which, without scaling, ranges from 256 to 10,404). Hereafter, any mention of “age” and “age-squared”
refers to “scaled-age” and “scaled-age-squared”.

We first explored whether age and sex were significant when analysed together, and then explored whether
age-squared was significant when controlling for age and sex:

# To determine whether age and sex are significant:

lm(
protein_concentration ~

scaled_age +
sex

)

# To determine whether age-squared is significant:

lm(
protein_concentration ~

scaled_age +
scaled_age_squared +
sex

)

In subsequent linear regression analyses, we controlled for age and sex, whether they were significant or
not. For proteins where age-squared was significant, we also controlled for this.

6.1.2 Delay in transit

Blood samples were sent to the laboratory by post. The delay between collecting blood from the participant,
and the arrival of the blood sample in the lab, was measured in whole days. The the distribution of transit
delay was shown in table 3.

We performed linear regression analyses to examine the effect of transit delay and transit delay-squared
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on protein NPX values. We excluded any samples with a delay greater than seven days, and those with
missing values. We controlled for age and sex, and, where relevant, age-squared. For the results, see
tables 4 and 5.

# To determine whether transit delay is significant:

lm(
protein_concentration ~

transit_delay +
scaled_age +
scaled_age_squared + # only included if identified as significant previously
sex

)

# To determine whether transit delay squared is significant:

lm(
protein_concentration ~

transit_delay +
transit_delay_squared +
scaled_age +
scaled_age_squared + # only included if identified as significant previously
sex

)
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6.1.3 “Have you eaten in the last 30 minutes?”

Participants were asked not to eat, smoke, drink alcohol or do vigorous exercise in the 30 minutes prior
to the blood pressure measurement, and were then asked whether they had done any of these things.
Very few people responded “yes” for alcohol or exercise (<70), and any significant associations for recent
smoking would likely be confounded by the long-term effects of smoking. Therefore, we have only included
the results for recently having eaten. 595 people responded “yes” to this question. There was a significant
association for two proteins: Alpha-2-MRAP, SPOCK1.
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Figure 3: Proteins with a significant effect of recently having eaten

# To determine whether recently having eaten is significant:

lm(
protein_concentration ~

recently_eaten +
scaled_age +
scaled_age_squared + # only included if identified as significant previously
sex

)
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