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Abstract (German)

Inflammation und Entziindungsreaktionen liegen der Pathophysiologie zahlreicher
Krankheiten zugrunde, darunter allergische und autoimmune Erkrankungen,
kardiometabolische Krankheiten und Krebs. Zirkulierende Zytokine spielen eine zentrale
Rolle bei der Regulation von Entziindungen und Immunantworten und haben eine immer
grofer werdende Bedeutung als Zielstrukturen fiir pharmakologische Therapien.
Tatséchlich sind zytokinbasierte Immuntherapien bereits zugelassen und ein Teil des
therapeutischen Arsenals bei der Behandlung von Autoimmunerkrankungen und Krebs.
Dennoch spielt die Neupositionierung von zytokinbasierten Wirkstoffen auf andere
Indikationsgebiete wie zum Beispiel Herz-Kreislauf-Erkrankungen aufgrund von
Wirksamkeits- und Sicherheitsproblemen nur eine untergeordernete Rolle. Aufgrund der
niedrigen Kosten und hohen Verfiigbarkeit genomischer Daten hat die Entwicklung und
Validierung von Wirkstoffen mit Hilfe der Humangenomik in den letzten Jahren viel an
Aufmerksamkeit gewonnen und ein enormes Potenzial gezeigt. So haben Studien, die
Vorteile der Genomik fiir die Wirkstoffentwicklung quantifiziert haben, gezeigt das
Wirkstoffe die durch In-silico-Daten gestiitzt werden eine mehr als doppelt so hohe
Wahrscheinlichkeit haben eine Marktzulassung zu erhalten im Gegensatz zu Wirkstoffen
ohne genetische Unterstiitzung. Im Rahmen meiner Doktorarbeit fiihrte ich die bislang
umfangreichste genomweite Assoziationsstudie (GWAS) an einem Panel von 40
zirkulierenden Zytokinen durch, wobei ich Daten von insgesamt 74.783 Individuen
analysiert habe, gefolgt von umfangreichen post-GWAS-Analysen, einschlieBlich
transkriptomweiter Assoziationsstudien mit Mendelscher Randomisierung (TWAS-MR),
Mendelscher Randomisierung zur Identifizierung von Wirkstoffzielen (Drug-target MR)
und Kolokalisierungsanalysen anwendete, um die genetische Architektur zirkulierender
Zytokine zu untersuchen und neue Zielstrukturen fiir Krankheiten zu identifizieren. In
meiner Analyse identifizierte ich insgesamt 359 signifikante Assoziationen zwischen
Zytokinspiegeln im Blut und 169 unabhéngigen genetischen Varianten. Die Integration
der GWAS-Ergebnisse mit Transkriptomdaten zeigte einige wichtigte regulatorische
Mechanismen, die der Zytokinexpression zugrunde liegen, auf. Beispielsweise konnte
eine signifikante Rolle von ACKR1 bei der Pufferung mehrerer Chemokine, indem es als
Abfluss (,,sink) fungiert und damit deren Spiegel effektiv reguliert, gezeigt werden.
Dariiber hinaus habe ich TRAFDI1 als einen wichtigen Modulator des durch TNF-
Signalgebung induzierten Zytokinsturms identifizieren. Die Cross-Zytokin-MR-Analyse
zeigte ein komplexes Netzwerk von Kausalzusammenhéngen zwischen Zytokinen auf,
wobei TNF-b, VEGF und IL-1ra als zentrale, tibergeordnete Akteure mit pleiotropen
Downstreameffekten auf mehrere andere Zytokine hervorgingen. Durch die Anwendung
von Drug-target MR in Verbindung mit Kolokalisierungsanalysen habe ich
vielversprechende  Zytokin-basierte  Zielstrukturen  entdeckt welche  einen

Kausalzusammenhang mit Autoimmunerkrankungen aufzeigten. Dabei identifizierte ich
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G-CSF und CXCL9/MIG als zugrundeliegende Zytokine bei Asthma bzw. Morbus
Crohn. Dariiber hinaus konnte ich einen protektiven Effekt von TNF-b bei Multipler
Sklerose aufzeigen. Meine Ergebnisse bieten umfassende Einsichten in die Genetik von
zirkulierenden Zytokinen, und dienen als Grundlage fiir die Entwicklung gezielter und

spezifischer Immuntherapien.
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Abstract (English)

Inflammation contributes to the pathophysiology underlying multiple human diseases,
including allergic and autoimmune disease, cardiometabolic disease and cancer. Circu-
lating cytokines are central in orchestrating inflammation and immune responses and are
increasingly recognized as promising targets for therapeutic interventions. Indeed, cyto-
kine-based immunotherapies are already approved and part of the therapeutic armamen-
tarium for autoimmune diseases and cancer. Nevertheless, repurposing of cytokine-based
compounds to other conditions, for example to cardiovascular disease, remains limited
due to efficacy and safety issues. Development and validation of drug targets with the
help of human genomics received much attention in recent years with increased data
availability and low costs showing enormous potential. Researchers quantifying the
added value of genomics for drug development have shown that compounds backed-up
by in-silico data are more than twice as likely to receive marketing approval compared to
targets without genetic support. During my MD project, I conducted the largest genome-
wide association study (GWAS) to date on a panel of 40 circulating cytokines, encom-
passing 74.783 individuals, followed by extensive post-GWAS analyses including tran-
scriptome-wide association studies followed by Mendelian randomization (TWAS-MR),
drug-target MR and colocalization to study the genetic architecture of circulating cyto-
kines and uncover novel drug targets for human diseases. In my analysis, I identified a
total of 359 significant associations between circulating cytokine levels and genetic vari-
ants, spanning 169 distinct genomic loci. By integrating the GWAS findings with tran-
scriptomic data, [ uncovered crucial regulatory mechanisms underlying cytokine expres-
sion. For instance, the analysis revealed a significant role of ACKR1 in buffering multiple
chemokines, acting as a scavenger to regulate their levels effectively. Additionally, I iden-
tified TRAFD1 as a key modulator of the cytokine storm induced by TNF signaling.
Cross-cytokine MR analysis unveiled a complex network of interconnections among cy-
tokines, with TNF-b, VEGF, and IL-1ra emerging as central players with pleiotropic
downstream effects on multiple other cytokines. Employing drug-target MR in conjunc-
tion with colocalization analysis, I uncovered potential causal mediators underlying spe-
cific diseases. Notably, my analysis identified G-CSF and CXCL9/MIG as potential driv-
ers of asthma and Crohn’s disease, respectively. Additionally, I observed a potentially
protective role of TNF-b in multiple sclerosis. My findings offer a comprehensive insight
into the genetic landscape governing circulating cytokines, paving the way for targeted

immunotherapy development.
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1. Introduction

Chronic inflammation is implicated in a range of diseases spanning allergic and autoim-
mune conditions, cardiometabolic disorders, and cancer (Konieczny et al., 2024). Key
players in this inflammatory cascade are proteins such as cytokines, chemokines, and
growth factors, which intricately regulate the immune response (Deckers et al., 2023).
Although various immunotherapies targeting circulating cytokines have shown promise
in clinical settings, their efficacy in other conditions remains limited, often accompanied
by side effects like increased susceptibility to infections (Lutgens et al., 2019; Soehnlein
and Libby, 2021). Recent advances in human genetics have enabled an in-silico prioriti-
zation of drug targets (Holmes et al., 2021; Minikel et al., 2020), with approval rates more
than two times higher than targets without genetic support (King et al., 2019).

Mendelian randomization (MR) leverages data from genome-wide association studies
(GWAS) to explore associations between genetic variants in drug target genes and disease
traits, offering a robust statistical framework (Gill et al., 2021). Previous MR analyses
have demonstrated the potential of integrating GWAS data for circulating proteins, in-
cluding cytokines, with disease outcomes to unearth novel drug targets (Bouras et al.,
2022; Chong et al., 2019; Georgakis et al., 2020, 2019; Kappelmann et al., 2021; Mokry
etal., 2019). However, these efforts have often been hindered by the limited sample sizes
of GWAS studies focusing on circulating cytokines. To bridge this gap and glean fresh
insights into the causal mediators of human diseases, I conducted GWAS across three
independent cohorts for 40 circulating cytokines, aggregating data from a total of 74.783
individuals. Making use of post-GWAS methods and transcriptomic data, I characterized
the genomic architecture of circulating cytokines including in-depth analysis of inflam-
matory network relations and key regulatory pathways. Analyzing 15 common human
diseases in a two-sample MR setting accompanied by colocalization analysis I found solid
evidence for the involvement of specific inflammatory cytokines and chemokines in al-

lergic and autoimmune conditions.

1.1 Inflammation in human disease

Inflammation, once conceived simply as a defensive response to injury or infection that
typically resolves quickly under physiological conditions, has emerged as a central player
in the pathogenesis of a myriad of human diseases (Pisetsky, 2023). Its intricate involve-
ment spans from the initiation to the resolution phase of various pathological processes,
orchestrating a complex interplay of cellular and molecular events (Jin et al., 2024). Un-
derstanding the mechanisms of inflammation in human disease is paramount, as it not
only elucidates the fundamental processes underlying disease initiation and progression
but also unveils novel therapeutic targets (Deckers et al., 2023; Pulendran and Davis,

2020). While recent findings have underscored the significance of immune-mediated
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dysregulation in chronic diseases, the precise mechanisms responsible for erroneous in-
flammatory reactions is still not known (Xiang et al., 2023). Next to the involvement of
the immune system in autoimmunity and allergies, there is a considerable contribution of
inflammatory dysregulation in cancer and as recently shown also in cardiovascular dis-
eases (Galon et al., 2013; Pisetsky, 2023; Soehnlein and Libby, 2021).

1.1.1 Inflammation in autoimmune disease

In autoimmune diseases, inflammation plays a dual role, serving as both a cause and con-
sequence of the body's immune system mistakenly attacking its own tissues. Under nor-
mal circumstances, the immune system is finely regulated to distinguish between self and
non-self-antigens, preventing the attack on healthy tissues (Suek et al., 2024). If the pro-
cess of immune-tolerance is compromised, autoreactive T and B lymphocytes proliferate
and attack autoantigens facilitating the development of autoimmune diseases (L. Wang et
al., 2015). Firstly, the immune system becomes dysregulated due to various stimuli, lead-
ing to the breakdown of immune tolerance (Kubagawa et al., 2024). During this phase,
the activated innate immune response triggers the onset of adaptive immunity, causing T
and B cells to erroneously identify antigens, thus instigating abnormal immune activity
(Damoiseaux et al., 2015). Secondly, the aberrant proliferation of innate immune cells
results in the secretion of inflammatory mediators such as cytokines, chemokines and
growth factors, driving the abnormal infiltration of T and B cells. Furthermore, chronic
inflammation perpetuates autoimmune diseases by sustaining the activation of autoreac-
tive immune cells and release of inflammatory mediators leading to tissue destruction
(Davidson and Diamond, 2001). Conversely, the tissue damage resulting from autoim-
mune attacks can further amplify inflammation through the release of damage-associated
molecular patterns (DAMPs) and the activation of innate immune cells, additionally aug-
menting the vicious cycle of inflammation and tissue destruction (Rodien et al., 1996).
Finally, the immune system tries to limit autoimmune responses through intrinsic and
extrinsic cellular mechanisms. This stage is characterized by clinical stability and relapses
of the disease, underscoring the ongoing potential for disease management (Lou et al.,
2022).

1.1.2 Inflammation in cancer

The immune system and inflammation play intricate roles in the complex landscape of
cancer development and progression (Yu et al., 2024). Initially perceived solely as a de-
fense mechanism against pathogens, the immune system is now recognized for its pivotal
role in recognizing and eliminating aberrant cells, including those undergoing malignant
transformation (Sherr, 1996). However, cancer cells have evolved various strategies to

evade immune surveillance and harness inflammation to their advantage (Vermeulen et
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al., 2003). For example, inflammation can promote tumor initiation by creating a micro-
environment conducive to carcinogenesis (Minati et al., 2020; S. Wang et al., 2019).
Chronic inflammation, often triggered by persistent infections, environmental toxins, or
autoimmune diseases, can lead to DNA damage, genomic instability, and the activation
of oncogenic pathways, fostering the development of cancerous lesions (Vermeulen et
al., 2003). Moreover, inflammation fuels tumor progression and metastasis through the
secretion of pro-inflammatory cytokines, chemokines, and growth factors by both cancer
cells and stromal cells within the tumor microenvironment (Lee and Margolin, 2011).
These inflammatory mediators stimulate angiogenesis, enhance tumor cell proliferation
and survival, facilitate invasion into surrounding tissues, and promote the formation of
pre-metastatic niches, thereby facilitating cancer spread (Minati et al., 2020). Conversely,
the immune system serves as a critical defense mechanism against cancer by recognizing
and eliminating malignant cells through immune surveillance mechanisms (Sherr, 1996).
Immune cells, such as cytotoxic T lymphocytes and natural killer cells, can recognize
tumor-specific antigens and mount an immune response to eradicate cancer cells (Kam-
bayashi and Laufer, 2014).

1.1.3 Inflammation in cardiovascular disease

Inflammation plays a crucial role in the development and progression of cardiovascular
disease (CVD) (Aday and Ridker, 2019). Initially, inflammation was considered merely
a response to vascular injury, but it's now understood as a key driver of atherosclerosis,
the underlying pathology of most CVD*s (Gisterd and Hansson, 2017). Atherosclerosis,
characterized by the accumulation of lipid-rich plaques in arterial walls, is initiated by
endothelial dysfunction, which triggers an inflammatory response. Endothelial cells be-
come activated, expressing adhesion molecules and secreting chemokines, attracting cir-
culating monocytes into the vessel wall (Gerhardt and Ley, 2015). Monocytes differenti-
ate into macrophages, which engulf oxidized low-density lipoproteins (LDL) and trans-
form into foam cells, initiating plaque formation. The inflammatory milieu within plaques
promotes further leukocyte recruitment, smooth muscle cell proliferation, and extracellu-
lar matrix remodeling, leading to plaque growth and instability (Libby, 2013). Inflamma-
tion also contributes to plaque rupture, the primary event triggering acute cardiovascular
events such as myocardial infarction and stroke (Croce and Libby, 2007). Vulnerable
plaques, characterized by a thin fibrous cap and a lipid-rich core, are prone to rupture due
to local inflammation, macrophage activity, and matrix metalloproteinase production,
leading to thrombus formation and arterial occlusion (Croce and Libby, 2007). Beyond
atherosclerosis, inflammation influences other aspects of CVD. In myocardial infarction,
ischemia-reperfusion injury triggers an inflammatory cascade, exacerbating tissue dam-

age (Chen et al., 2022). In heart failure, systemic inflammation contributes to cardiac
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remodeling and dysfunction (Prabhu and Frangogiannis, 2016). Additionally, inflamma-
tion plays a role in arrhythmias, endothelial dysfunction, and vascular remodeling, further

impacting CVD progression (Kamel and Iadecola, 2012).

1.2 Cytokines, chemokines and growth factors as inflammatory

mediators

The immune system plays a major role in protecting the host organisms against invading
pathogens, aiding in tissue repair and maintenance of tissue homeostasis (Pulendran and
Davis, 2020; Unanue et al., 1976). Communication within the immune system is executed
through direct cell-to-cell contact or via synthesis and release of cytokines, chemokines
and growth factors. These inflammatory proteins are produced and released in response
to infections, inflammation, or internal stimuli (Gharaee-Kermani and Phan, 2001). Dif-
ferent classes of cytokines present with distinct functions within the immune system (Al-
tan-Bonnet and Mukherjee, 2019). Cytokines are small proteins secreted by various cells
of the immune system, including leukocytes, macrophages, lymphocytes, and endothelial
cells (Stanley and Lacy, 2010; Unanue et al., 1976). Cytokines serve as messengers be-
tween different immune cells, facilitating communication and coordination of immune
responses (Gharaee-Kermani and Phan, 2001). They can activate or inhibit the function
of other cells, promoting or suppressing inflammation as needed (Stanley and Lacy,
2010). So-called pro-inflammatory cytokines, including tumor necrosis factor (TNF)
have antimicrobial functions and activate the immune responses (Arango Duque and Des-
coteaux, 2014). Conversely, immunomodulatory or anti-inflammatory cytokines like IL-
1 receptor antagonist (IL-1ra) dampen immunostimulatory pathways, reducing inflam-
mation and supporting tissue repair (Opal and DePalo, 2000). Certain cytokines act as
chemotactic factors, attracting immune cells such as neutrophils, monocytes, and lym-
phocytes to sites of infection or tissue injury. These so-called chemokines include CXC
and CC chemokine-ligands, guide immune cell migration, facilitating immune surveil-
lance and response (Hughes and Nibbs, 2018). In addition to their role in inflammation,
cytokines also contribute to tissue repair and remodeling processes following injury or
infection (Zepter et al., 1997). They regulate the production of extracellular matrix com-
ponents, angiogenesis, and the recruitment of cells involved in tissue regeneration
(Gharaee-Kermani and Phan, 2001). Cytokines execute their different functions through
a complex network of signaling pathways and interactions with specific receptors on tar-
get cells (Unanue et al., 1976). Each cytokine typically interacts with one or more receptor
subtypes, and the binding of cytokines to their receptors initiates downstream signaling
cascades. Following binding, intracellular pathways trigger biological responses that vary
widely depending on the cytokine and cell type involved (Stanley and Lacy, 2010). A key
characteristic of cytokines is their ability to induce different phenotypic traits, a concept

known as pleiotropy. This occurs because specific cytokine receptors can be expressed
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on multiple cell types, resulting in a variety of biological outcomes. Furthermore, certain
cytokines can bind to multiple receptors, leading to diverse downstream effects, such as
promoting cell differentiation or suppressing effector functions (Lin et al., 1995). More-
over, there is partial functional redundancy among cytokines, where more than one cyto-
kine can perform the same biological function (Stanley and Lacy, 2010). While this re-
dundancy enhances the robustness of the immune system, it complicates therapeutic im-
munoregulation and the development of cytokine-based immunotherapies (Deckers et al.,
2023).

1.3  Targeted cytokine immunotherapies

1.3.1 Development of immunotherapies

Cytokines play crucial roles as key regulators of the human immune system, and their
dysregulation is an important feature of various diseases, including allergies and autoim-
munity, cardiometabolic disease and cancer (Konieczny et al., 2024; Soehnlein and
Libby, 2021; Unanue et al., 1976; Uricoli et al., 2021). Due to their various functions
within the immune system, cytokines have attracted considerable attention as potential
targets for therapy (Deckers et al., 2023). In conditions characterized by heightened cy-
tokine production, such as autoimmune and inflammatory disorders, inhibiting cytokine
activity through monoclonal antibodies or receptor blockers has demonstrated success
(Opal and DePalo, 2000). For instance, blocking TNF or Interleukin-6 (IL-6) has proven
effective in treating conditions like Crohn’s disease (CD) or rheumatoid arthritis, respec-
tively (Monaco et al., 2015; Nishimoto and Kishimoto, 2004). Conversely, cytokines can
also be therapeutically administered to modulate immune responses as shown by the ef-
fectivity of IL-1ra in CVD (Morton et al., 2015). Advances in recombinant protein tech-
nology have led to the development of approved drugs targeting inflammatory proteins,
including vascular-endothelial growth factors for age-related macular degeneration
(AMD) (Rosenfeld et al., 2005). However, the development of cytokine-based therapeu-
tics presents challenges such as pleiotropic effects, and unfortunate biological distribu-
tion, which contribute to their limited efficacy and safety (Deckers et al., 2023). Severe
side effects observed in early clinical trials, such as disease exacerbations induced by
TNF-inhibitors in trials of multiple sclerosis (MS), underscore the importance of address-
ing these challenges (Li et al., 2023).

Autoimmune diseases

Immunosuppressive cytokines have been utilized for different therapeutic purposes
(Monaco et al., 2015; Morton et al., 2015). These cytokines play a crucial role in attenu-
ating excessive immune reactions, fostering tissue regeneration, and alleviating autoim-

mune or inflammatory disorders like rheumatoid arthritis (RA) and ulcerative colitis (UC)
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(Deckers et al., 2023). In conditions characterized by aberrant immune activation, immu-
nosuppressive cytokines help restore the immune balance by tempering the inflammatory
cascade (Opal and DePalo, 2000). Targeting IL-1ra has emerged as a promising thera-
peutic approach in RA, supported by substantial evidence from preclinical studies, clini-
cal trials, and real-world clinical experience (Fleischmann et al., 2003). Preclinical studies
have demonstrated the pivotal role of interleukin-1 (IL-1) in the pathogenesis of RA. IL-
1, a pro-inflammatory cytokine, contributes to joint inflammation, cartilage degradation,
and bone erosion in RA (Choy and Panayi, 2001). IL-1ra acts as a natural antagonist to
IL-1 by competitively inhibiting its binding to the IL-1 receptor, thereby attenuating IL-
I-mediated inflammatory responses (Ben-Sasson et al., 2009). Clinical trials investigat-
ing the efficacy and safety of IL-1ra blockade in RA have shown encouraging results.
One notable study, the IL-1ra in RA (IL-1RA) trial, demonstrated that treatment with IL-
Ira by anakinra, a synthetic IL-1ra analogue, significantly reduced disease activity, im-
proved symptoms, and inhibited radiographic progression in patients with RA who had
an inadequate response to traditional disease-modifying anti-rheumatic drugs (DMARDs)
(Bresnihan et al., 1998). Subsequent studies have corroborated these findings, highlight-
ing the therapeutic potential of IL-1ra in RA management (Cohen et al., 2004; Cunnane
et al., 2001; Jiang et al., 2000). Furthermore, the safety profile of IL-1 inhibitors, such as
anakinra, has been generally favorable, with adverse events typically being mild to mod-
erate in severity. Common side effects include injection-site reactions and mild infections
(Bresnihan, 2001). Importantly, IL-1ra therapy does not appear to increase the risk of
serious infections or malignancies (Furst, 2004). On the other hand, anti-TNF antibodies
like infliximab and adalimumab, although revolutionizing the treatment of many autoim-
mune diseases by targeting TNF, a key regulatory cytokine in inflammation and autoim-
munity, raise concerns about adverse effects, including an increased risk of cancer and
serious infections, including bacterial, viral, fungal, and opportunistic infections which is
primarily due to the immunosuppressive effects of TNF inhibition (Andersen et al., 2015;
Siegel et al., 2009). Patients need to be monitored closely and appropriate precautions,
like vaccinations should be taken to reduce the risk of exposure. Additionally, anti-TNF
therapy can lead to the reactivation of latent infections, such as tuberculosis (TB) and
hepatitis B virus (HBV) (Lee et al., 2022; Yuk et al., 2024). Lastly, there are concerns
that anti-TNF therapy may increase the risk of certain malignancies, especially lymphoma
and skin cancers (Siegel et al., 2009). This highlights the potential of immunosuppressive
therapies targeting cytokines in managing autoimmune conditions which already proved
highly effective for certain diseases and revolutionized patient management it also exem-

plifies that dampening of important upstream proteins entails serious safety concerns.
Cancer

In contrast to the application of cytokine-based immunotherapy in the field of autoim-

mune disease, cancer immunology initially had to overcome early skepticism to achieve
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significant progress only recently (Galon et al., 2013). Discoveries and experiments
which demonstrated the immune rejection of tumors and proposed theories of immune
surveillance, reignited interest in cancer immunology (Burnet, 1970; Prehn and Main,
1957; Shankaran et al., 2018). Initial immunological approaches were made using cyto-
kine-based compounds (Galon et al., 2013). A notable example is interferon-alpha (IFN-
a), which received its first approval in 1986 for combatting leukemia (Berraondo et al.,
2019). Its effectiveness lies in its capacity to induce apoptosis and restrict the proliferation
of malignant cells. Following closely, interleukin-2 (IL-2) obtained approval in 1992 spe-
cifically for treating metastatic renal cancer (McDermott and Atkins, 2006). Both IFN-a
and IL-2 emerged as highly promising treatments, showcasing instances where small
groups of patients experienced complete responses (Galon et al., 2013). Nevertheless,
when administered systemically, these cytokines often resulted in severe adverse events
among many patients, leading to treatment-related fatalities in some cases (Atkins et al.,
1999). To harness the benefits of cytokine administration while minimizing off-target
effects, engineered cytokine designs have been developed to target specific trafficking

into tumor microenvironments (Deckers et al., 2023; Uricoli et al., 2021).
Cardiovascular disease

Cytokine-based therapies in CVD are an area of active research and investigation, but
their clinical application remains limited compared to other therapeutic modalities
(Soehnlein and Libby, 2021). However, there has been significant interest in targeting
specific cytokines implicated in the pathogenesis of atherosclerosis and heart failure
(Bonfiglio et al., 2023). Recent clinical trials showed the benefits of repurposed com-
pounds targeting specific cytokine pathways in CVD (Lutgens et al., 2019). IL-1b is a
pro-inflammatory cytokine implicated in the initiation and progression of atherosclerosis
and other cardiovascular conditions (Bresnihan et al., 1998; Soehnlein and Libby, 2021).
Clinical trials have investigated the use of IL-1b inhibitors, such as canakinumab, in pa-
tients with a history of myocardial infarction and elevated inflammatory markers (Ridker
et al., 2017). While these trials have shown promising results in terms of reducing cardi-
ovascular events, the use of IL-1b inhibitors in clinical practice remains limited due to
concerns about safety, cost, and patient selection criteria (Lutgens et al., 2019). TNF is
another pro-inflammatory cytokine implicated in the pathogenesis of atherosclerosis and
heart failure (Carswell et al., 1975; Sozzani et al., 2014). While TNF inhibitors have been
used extensively in the treatment of autoimmune diseases, their role in CVD remains
controversial (Bonfiglio et al., 2023). Preclinical studies have suggested potential benefits
of TNF inhibitors in reducing inflammation and improving cardiovascular outcomes, but
failed to show efficacy in clinical trials. (Atzeni et al., 2021; Chung et al., 2003; Mann et
al., 2004). Also, blocking TNF pathways entails the risk for serious side-effects, notably
infections and malignancy (Andersen et al., 2015; Lee et al., 2022; Siegel et al., 2009).
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IL-6 is another pleiotropic cytokine with diverse effects on inflammation, immune regu-
lation, and cardiovascular function (Nishimoto and Kishimoto, 2004). Elevated levels of
IL-6 have been associated with increased risk of cardiovascular events and adverse out-
comes in patients with CVD (Interleukin-6 Receptor Mendelian Randomisation Analysis
(IL6R MR) Consortium et al., 2012). Therapeutic agents targeting the IL-6 pathway, such
as tocilizumab, have been investigated in small-scale studies, but their clinical utility in
CVD awaits confirmation in clinical trials (Kleveland et al., 2016). In addition to IL-1b,
TNF, and IL-6, other cytokines and inflammatory mediators have been implicated in the
pathogenesis of CVD (Bonfiglio et al., 2023). Targeting these pathways with specific
cytokine inhibitors or modulators represents a potential therapeutic strategy for CVD
(Soehnlein and Libby, 2021). However, further research is needed to elucidate the precise
role of these cytokines in CVD pathophysiology and to develop effective and safe cyto-

kine-based therapies.

1.3.2 Need for novel, specific drug targets

Although there has been significant progress in the development of novel, specific com-
pounds coupled with innovative drug designs cytokine-based therapeutics faces chal-
lenges due to pleiotropic effects, safety concerns and unfortunate biological distribution,
all of which limit their efficacy and applicability in the clinic (Deckers et al., 2023). In
the realm of autoimmune disease, interleukin-10 (IL-10) application in CD exhibited min-
imal side effects and was well tolerated but failed to induce significant remission com-
pared to placebo, possibly due to low local concentrations (Schreiber et al., 2000). To
enhance clinical efficacy, many engineered immunosuppressive cytokine designs aim to
target specific tissues, receptors, or cell subsets (Deckers et al., 2023). On the other hand,
anti-TNF antibodies like infliximab and adalimumab have transformed the treatment of
autoimmune diseases, improving symptoms and quality of life (Monaco et al., 2015).
However, concerns persist regarding adverse effects, including an elevated risk of cancer,
disease exacerbations and serious infections (Andersen et al., 2015; Siegel et al., 2009;
Yuk et al., 2024). Similar concerns were observed in CVD. In the first clinical large-scale
trial focusing on inflammation it was shown that canakinumab treatment, blocking IL-1b
downstream effects, successfully reduced cardiovascular endpoints, including myocardial
infarction, stroke or cardiovascular death. Furthermore, an exploratory analysis noted a
reduction in cancer and cancer mortality. However, inhibition of the IL-1b pathway
showed a slight increase in infections, including fatal ones, in the active treatment arm
(Ridker et al., 2017). Nevertheless, targeting inflammatory pathways in CVD represents
a promising direction of research (Soehnlein and Libby, 2021). Another anti-inflamma-
tory trial explored the use of low-dose weekly methotrexate in individuals at high risk for

coronary events (Ridker et al., 2019). However, the Cardiovascular Inflammation Reduc-
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tion Trial (CIRT) was halted prematurely due to futility, showing no reduction in cardio-
vascular events. Additionally and in contrast to the CANTOS trial, patients in the active
treatment group in the CIRT trial showed a significant increase in cutaneous cancer, high-
lighting a potential limitation of anti-inflammatory therapy in interfering with immune
surveillance for malignancy (Ridker et al., 2019). Focusing on targets downstream in the
IL-1 pathway, an on-going large scale trial investigating blockage of the IL-6 pathway
using ziltivekimab in CVD (ClinicalTrials.gov ID: NCT03926117), a drug target that is
efficiently inhibited in the treatment of many autoimmune conditions (Ridker et al., 2021;
Soehnlein and Libby, 2021). These challenges, including severe live-threatening side-
effects, the low tissue specificity, increased risk for infections or malignancies when
blocking immunological pathways represent a major roadblock for the approval of cyto-
kine-based therapies and highlights the necessity for the development of novel, specific

drug targets.

1.3.3 In-silico drug target prioritization

Due to the immense costs and high failure rates of clinical drug development programs
there is a large unmet need for improved target validation methods (DiMasi et al., 2016;
Harrison, 2016). Traditional pre-clinical experiments often fail to accurately predict tar-
get perturbation effects in human diseases (Sun et al., 2022). The critical step where most
compounds fail is within the late-stage clinical development. At this stage, 90% of com-
pounds have to be discarded due to compound related toxicity or because the target pro-
tein fails to show efficacy for the disease indicating that the targeted protein is not caus-
ally responsible for the disease (Schmidt et al., 2022). Improving drug development effi-
ciency through better identification of promising targets could help to significantly reduce
costs and speed-up the developmental process (DiMasi et al., 2016; Ference, 2018). Ad-
vancements in high-throughput genetic technologies have led to a significant reduction
in sequencing costs, making it more accessible than ever before. This accessibility, cou-
pled with the exponential growth of sequenced genome data, has revolutionized the land-
scape of drug discovery (Hukerikar et al., 2024). We now have an unprecedented wealth
of genetic information at our fingertips, enabling us to pinpoint and validate potential
drug targets with greater precision and efficiency (Lau and So, 2020). This integration of
genetic data into drug development processes holds immense promise for accelerating the
discovery of novel therapeutic interventions (Schmidt et al., 2022). Despite the wealth of
potential drug targets identified through genetic data, the sheer volume can overwhelm
traditional wet lab experimentation. This abundance underscores the necessity for sys-
tematic methodologies to prioritize targets for further investigation (Hukerikar et al.,
2024). Such approaches are crucial for optimizing resources and focusing research efforts
on the most promising candidates. By employing systematic target prioritization strate-

gies, researchers can streamline the drug discovery process, increasing the likelihood of
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identifying successful therapeutic interventions while minimizing time and resource

wastage.
Genome-wide association studies

GWAS are based on data from high-throughput techniques (GWAS arrays) to genotype
numerous common genetic markers throughout the genome of a population and assess
their association with a particular phenotype (Forgetta et al., 2022; Mountjoy et al., 2021).
Due to the cost-effectiveness of genotyping arrays, they can be employed to analyze many
different phenotypes in large sample sizes making them highly relevant to drug develop-
ment (Duncan et al., 2019). Although GWAS can be highly informative there are major
limitations to this approach which requires further downstream analyses and validation
for reliable drug target identification (Hindorff et al., 2009). In contrast to loss-of-function
(LoF) variants which have clear functional implications, GWAS often highlight common
genetic variations, predominantly found in non-coding regions proximal to protein-cod-
ing genes (Mountjoy et al., 2021; Studer et al., 2013). These variants commonly aggregate
into correlated clusters within populations, a phenomenon termed linkage disequilibrium
(LD). Deciphering the exact causal variant and gene linked to the association signal poses
theless, recent advancements in causal gene prediction models shed light on the signifi-
cance of physical proximity in determining the causal gene. These models indicate that,
in many instances, the nearest gene to the associated variant is the primary driver of the
observed association (Hukerikar et al., 2024). This underscores the importance of spatial
relationships in elucidating the functional implications of GWAS findings. Additionally,
the majority of variants identified through GWAS are thought to exert their effects
through regulatory mechanisms, impacting the levels of transcripts or proteins rather than
directly altering protein functionality (Rose, 2019). Consequently, while GWAS fre-
quently associate these variants with protein-coding genes, it's not inherently assumed
that the identified gene is directly involved in protein functions (Mortezaei and Tavallaei,
2021). This highlights the nuanced nature of GWAS findings and the need for further
functional validation to elucidate the precise molecular mechanisms underlying the ob-
served associations. Moreover, the direction of effect in a GWAS can be influenced by
the selection of the effect allele, adding complexity to the translation of GWAS findings
into actionable drug targets (Mortezaei and Tavallaei, 2021). This underscores the neces-
sity for additional information to elucidate the underlying mechanisms. Improving the
applicability of GWAS results to drug development frequently entails supplementary
analyses such as MR, which inherently addresses these challenges by leveraging genetic
variants as instrumental variables (IV) to infer causal relationships between traits and
outcomes (Grover et al., 2017). Integrating approaches like MR enhances the robustness
and reliability of GWAS findings, facilitating more informed decision-making in drug

development endeavors.
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Mendelian randomization

MR comprises a collection of methodologies designed to untangle causal associations
between genetically determined traits, drawing on insights from human genetics research
(Burgess et al., 2013). This framework stands as a pivotal instrument in the drug devel-
opment pipeline, offering a means to forecast disease trajectories and anticipate potential
adverse effects stemming from the modulation of a drug target (Grover et al., 2017). By
leveraging genetic variants as [V’s, MR provides a rigorous approach to infer causality,
thereby aiding in the prioritization of candidate drug targets and guiding decisions
throughout the drug development process (Zheng et al., 2017a). Within the MR frame-
work, genetic variants associated with a specific exposure are leveraged to probe for the
existence of a dose-response relationship. This relationship elucidates whether the genetic
variant's impact on the exposure correlates with its effect on the outcome of interest
(Holmes et al., 2017). Initially rooted in IV methodology, MR has evolved into a 'two-
sample' paradigm, enabling the amalgamation of non-identifiable genetic data from sep-
arate exposure and outcome datasets (Burgess et al., 2016). This innovative approach
enhances the statistical power of MR analyses by maximizing sample sizes, a notable
advantage over traditional cohort studies (Bandres-Ciga et al., 2020; Fewell et al., 2007).
By leveraging genetic information from distinct sources, the two-sample framework
broadens the scope of MR investigations, facilitating more robust and comprehensive
evaluations of causal relationships between exposures and outcomes in diverse popula-
tions and settings (Hartwig et al., 2016). The validity and efficacy of MR rests upon three
core principles (Schmidt et al., 2022):

1) Genetic variants must exhibit a robust association with the potential drug target, often

achieved by selecting variants identified through GWAS as the focal points of analysis.

2) Genetic variants should not share common causes with the exposure and/or outcome
under investigation, a condition typically met owing to the fixed nature of genetic varia-

tion within populations.

3) Horizontal pleiotropy pathways, wherein genetic variants influence disease risk inde-
pendently of the exposure being studied, should be absent. While verifying the validity
of this assumption can be challenging, analytical techniques are available to mitigate the

potential impact of horizontal pleiotropy.

While the first two principles rely on the characteristics of genetic variants and population
genetics, addressing the third principle requires careful consideration and rigorous statis-
tical methods to ensure the reliability of MR findings (Bowden et al., 2015; Kou et al.,
2020). These principles collectively underpin the robustness and validity of MR analyses,
enabling researchers to draw meaningful and actionable conclusions regarding causal re-
lationships between exposures, outcomes, and potential drug targets. Next to the two-

sample MR methodology, the increasing accessibility of protein-quantitative trait loci
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(pQTLs) enabled validation of potential proteinergic drug targets (Hukerikar et al., 2024;
Wang et al., 2018). This approach called drug-target MR involves sourcing genetic in-
struments primarily from within or near a small cis-region (i.e. nearby region) of the pro-
tein-encoding gene of interest (Ference, 2018; Mokry et al., 2015). MR studies focusing
on drug targets have exhibited notable success across various disease categories, under-
scoring its utility in the validation of potential therapeutic interventions across diverse

clinical contexts (King et al., 2019).
Colocalization

Colocalization serves as a crucial analytical tool utilized to determine whether multiple
signals detected independently in GWAS originate from a shared underlying causal vari-
ant (Franceschini et al., 2018). By integrating data from multiple sources and assessing
the overlap of association signals, colocalization aids in distinguishing true genetic asso-
ciations from spurious correlations, thereby enhancing the accuracy and interpretability
of GWAS results (Giambartolomei et al., 2014). Colocalization entails the examination
of the convergence between signals detected in GWAS for diseases with signals originat-
ing from expression-quantitative trait loci (€QTL) and pQTL (Wallace, 2020). By inte-
grating multiple layers of genomic data, colocalization provides valuable insights into the
mechanistic underpinnings of complex traits and diseases, facilitating a deeper under-
standing of genetic architectures and potential therapeutic targets (Zuber et al., 2022). In
the realm of drug target validation, colocalization frequently follows MR as an additional
step for prioritization (van der Graaf et al., 2020). Its purpose is to validate whether the
identified signal truly originates from the intended exposure (Duncan et al., 2019). Oth-
erwise, it implies the presence of separate genetic associations distinct from those ob-
served in the pQTL underscoring the complexity of genetic influences on diseases and
highlighting the need for comprehensive analyses to unravel intricate molecular mecha-

nisms underlying observed associations (Giambartolomei et al., 2014; Zuber et al., 2022).
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2. Aims of the thesis

Several lines of research identified inflammation, in particular inflammatory cytokines as
important determinants in the pathology of human diseases. As regulators of the immune
response these proteins can be used as drug agents for targeted treatment approaches.
Indeed, observational studies have demonstrated the potential of targeting specific cyto-
kines in reducing disease endpoints. However, confounding and reverse causation do not
allow observational studies to draw causal conclusions that would be relevant for inform-
ing drug discovery and development. With the advent of human genetics and the cost-
effectiveness of high throughput analysis techniques, genetic research including GWAS,
MR and colocalization methods enabled an in-silico identification of inflammatory pro-
teins as drug targets. However, existing efforts have been largely restricted by the small
sample sizes of GWAS studies for circulating cytokines. In order to obtain novel insights
into the causal mediators of human diseases I will perform GWAS across 3 independent
cohorts for 40 circulating cytokines, aggregating data from 74.783 individuals, and MR
followed by colocalization analyses for 15 disease phenotypes. The current thesis aims to

study the effect of inflammatory cytokines on human diseases by

1. exploring the genomic architecture underlying variations in the levels of circulating

cytokines,
2. investigating the effects of genetically predicted cytokine levels on human diseases,

3. dissecting upstream proteomic and transcriptomic changes mediating the effects of cir-

culating cytokines on disease risk.

To gain a deeper understanding of the inflammatory pathomechanisms involved in human
disease, I first aimed to explore the genomic profile of circulating cytokine levels. To
maximize statistical power, GWAS data for 40 circulating cytokines from 3 publicly
available datasets (YFS & FINRISK, SCALLOP Consortium and deCODE Consortium)
will be aggregated. In the derived pooled dataset, I then performed fine-mapping, func-
tional annotation, gene-set and pathway analyses to identify causal genes and to obtain
insights into the mechanisms regulating the levels of circulating cytokine levels. Using
the pooled GWAS dataset, I extracted variants for genetically predicted cytokine levels
with the aim to study the effects they exert on allergic and autoimmune disease, cardi-
ometabolic disease and cancer using the MR approach. As a next step, selection of genetic
variants was restricted to those around the location of the cytokine-encoding genes (i.e.
selection of cis-variants). These genetic variants and their effects on the outcome
measures were used to test, in a drug-target MR setting, whether genetic modification of
circulating cytokine levels affects the risk for the respective disease. To validate the find-
ings, I performed colocalization analysis and filtered the MR results for associations aris-
ing from the same genetic locus. For exploration of additional drug targets, I followed-up

on the cytokines that came out significant in drug-target MR and colocalization analyses.
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Herein, I aimed to analyze if proteins or transcripts that lie upstream of the cytokine-

initiated immune pathway, mediate the effects on disease.
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3. Material and Methods

To address my objectives, I calculated GWAS analyses on aggregated data from 3 pub-
licly available, independent cohorts and applied downstream analyses including two-sam-
ple, drug-target MR across 15 disease phenotypes (Konieczny et al., 2024). The study
cohorts are described in section 3.1., the genomic analysis methodology in section 3.2.
The study cohorts and a flowchart of the study design are depicted in Figure 3.1.

Study populations .
S = 74,783 Downstream analysis
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N = 35,559 LDSC & Fine mapping
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Figure 3.1 Flowchart of the study design. Illustration of the analytical pipeline steps applied in this study to decipher the
genetic architecture of circulating cytokines and their relation to allergic and auto-immune, cardiometabolic and cancer out-
comes. LDSC, Linkage Disequilibrium Score Regression; SCALLOP, Systematic and Combined AnaLysis of Olink Proteins;
SNP, Single-nucleotide polymorphism; TWAS-MR, Transcriptome-wide Mendelian ran-domization analysis; YFS & FINRISK,
Cardiovascular Risk in Young Finns Study. Adapted from Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND 4.0.

3.1 Material

3.1.1 Study populations

I downloaded publicly available GWAS summary statistics for the circulating levels of
up to 40 cytokines from 3 independent cohorts (refer to Table 3.1) (Konieczny et al.,
2024). Details of the study protocols have been published elsewhere and are outlined be-
low (Ahola-Olli et al., 2017; Ferkingstad et al., 2021; Folkersen et al., 2020). For the
GWAS meta-analyses and downstream analyses I included all cytokines that were avail-
able in at least 2 cohorts. To ensure that the available cytokines were identical between
cohorts [ used information provided on the NIH (https://www.ncbi.nlm.nih.gov/gap/) and
GeneCards (https://www.genecards.org/) websites and verified synonyms and aliases in
the abbreviated and full names of the cytokines. In this regard, I identified a mismatch for
the cytokine IL-12 between the YFS & FINRSIK cohort and the deCode cohort. The
cytokine IL-12 available in the YFS & FINRSIK cohort was identified as the IL-12 p70
subunit whereas in the deCode cohort the IL-12 p40 subunit was reported. Due to this
mismatch, I excluded this cytokine from my analysis. Before further computations, the 3
databases were harmonized regarding
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Total N YFS;;‘;,,FJI;I&IZSK Scallop CVD 1 deCode

Mean Age (SD), years - - 49 (8) n/a 55(18)
Sex, % female - - 51 n/a 57
sample size - 74783 8293 30931 35559
Full length name Abbreviation - - - -
Beta nerve growth factor bNGF 70021 3531 30931 35559
Cutaneous T-cell attracting CCL27/CTACK 39190 3631 n/a 35559
Eotaxin CCL11/eotaxin-1 43712 8153 n/a 35559
Basic fibroblast growth factor FGF-b 43124 7565 n/a 35559
Granulocyte colony-stimulating factor G-CSF/CSE-3 43463 7904 n/a 35559
Growth regulated oncogene-alpha CXCL1/GROa 69995 3505 30931 35559
Hepatocyte growth factor HGF 74782 8292 30931 35559
Interferon-gamma IFN-g 43260 7701 n/a 35559
Interleukin-10 IL-10 43240 7681 n/a 35559
Interleukin-13 IL-13 39116 3557 n/a 35559
Interleukin-16 IL-16 69973 3483 30931 35559
Interleukin-17 IL-17 43319 7760 n/a 35559
Interleukin-18 IL-18 70126 3636 30931 35559
Interleukin-1-beta IL-1b 38868 3309 n/a 35559
Interleukin-1 receptor antagonist IL-1ra 70128 3638 30931 35559
Interleukin-2 IL-2 39034 3475 n/a 35559
Interleukin-2 receptor, alpha subunit IL-2ra 39236 3677 n/a 35559
Interleukin-4 IL-4 43683 8124 n/a 35559
Interleukin-5 IL-5 38923 3364 n/a 35559
Interleukin-6 IL-6 74679 8189 30931 35559
Interleukin-7 1L-7 38968 3409 n/a 35559
Interleukin-8 CXCLS/IL-8 70016 3526 30931 35559
Interleukin-9 IL-9 39193 3634 n/a 35559
Interferon gamma-induced protein 10 CXCL10/IP-10 39244 3685 n/a 35559
Monocyte chemotactic protein-1 CCL2/MCP-1 74783 8293 30931 35559
Monocyte specific chemokine 3 CCL7/MCP-3 36402 843 n/a 35559
Macrophage colony-stimulating factor M-CSF/CSEF-1 67330 840 30931 35559
Macrophage migration inhibitory factor MIF 39053 3494 n/a 35559
Monokine induced by interferon-gamma  CXCL9/MIG 39244 3685 n/a 35559
ﬁ;ﬁ;"phage inflammatory protein-1 CCL3/MIP-1a 70012 3522 30931 35559
Macrophage inflammatory protein-1 beta CCL4/MIP-1b 39174 8243 30931 n/a
Platelet derived growth factor BB PDGFbb 74783 8293 30931 35559
E:ﬁ?;:;ii o (fg;‘cvr‘;g:in Normal TCell  p \NTES 38980 3421 n/a 35559
Stem cell factor SCF 74780 8290 30931 35559
Stem cell growth factor beta SCGF-b 39241 3682 n/a 35559
Stromal cell-derived factor-1 alpha CXCLI12/SDF-1a 41557 5998 n/a 35559
Tumor necrosis factor-alpha TNF-a 39013 3454 n/a 35559
Tumor necrosis factor-beta TNF-b 37118 1559 n/a 35559
TNF-related apoptosis inducing ligand TRAIL 74676 8186 30931 35559
Vascular endothelial growth factor VEGF 73608 7118 30931 35559
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Table 3.1. Characteristics of the included GWAS databases. The table gives an overview of the GWAS databases, in-
cluding demographic characteristics, where available. Cytokine names and abbreviations were taken from NIH and Gene-
Cards websites. SCALLOP, Systematic and Combined AnaLysis of Olink Proteins; YFS & FINRISK, Cardiovascular Risk
in Young Finns Study; N, sample size; SD, standard de-viation; n/a, not available.

the data structure by defining a set of common variables to be included in all datasets,
standardizing the cytokine names and aliases and computation of missing data entries
(e.g. conversion of odds ratio to standardized beta), where necessary. To define the ge-
nomic positions of the data used in this project and provide a standardized framework for
understanding the structure, function, and regulation of variants I used human genome
assembly GRCh37 (hg19) from Genome Reference Consortium (1000 Genomes Project
Consortium et al., 2010).

YFS and FINRISK

Genomic data for 40 cytokines were drawn from up to 8,293 individuals of Finnish back-
ground that were included in the YFS & FINRISK cohorts 1997 and 2002, respectively
(Ahola-Olli et al., 2017). The Cardiovascular Risk in Young Finns Study (YFS) is a lon-
gitudinal investigation initiated in 1980 with follow-up assessments until 2011, involving
randomly selected individuals from various Finnish cities and rural areas (Raitakari et al.,
2008). This current cross-sectional study focuses on 2,019 unrelated individuals from the
2007 follow-up, examining cytokine levels and genotype data. Additionally, the FIN-
RISK surveys, conducted every five years, monitor chronic disease risk factors in Finland
among randomly chosen individuals aged 25 to 74 from five geographical regions
(Ritchie et al., 2015). This study analyzed cytokine data from participants in the 1997 and
2002 surveys. Clinical examinations and blood sampling were conducted during the study
visit. All participants provided written consent, and the study received approval from lo-
cal ethics committees. The mean age across both studies was 49 years (standard deviation
8 years). The cytokine measurements were carried out in EDTA plasma for the FINRISK
1997 cohort, in heparin plasma for the FINRISK 2002 cohort and in serum for the YFS
cohort using cytokine Luminex®-based multiplex immunoassays from Bio-Rad®. Gen-
otyping was completed using the Illumina HT12 platform for the YFS study and the Illu-
mina 670k HumanHap array for both FINRISK studies. Imputation was performed using
the 1000 Genomes reference panel across all cohorts (1000 Genomes Project Consortium
et al., 2010). The GWAS meta-analyzing all 3 studies normalized the cytokine distribu-
tion using inverse transformation and adjusted the genetic analyses for age, sex and an-
cestral principal components 1-10. The reported effect sizes were scaled per standard de-
viation increment in inverse-transformed cytokine levels.

SCALLOP Consortium

Genomic data for 16 cytokines were drawn from up to 30,931 individuals with European

background from the SCALLOP consortium, a collaborative framework analyzing gene-
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protein associations across 13 studies (Folkersen et al., 2020). The original SCALLOP
consortium, consisting of 35 principal investigators from 28 research institutions includes
data from over 70,000 patients and controls across 45 cohort studies. Proteins and samples
for the current study (i.e. SCALLOP CVD-1) were selected by reviewing literature on
protein biomarkers linked to cardiovascular risk in human and animal studies and by con-
sulting leading cardiovascular disease researcher. The cytokine measurements were car-
ried out in plasma samples using the proximity extension assay-based Olink® platform.
Genotyping methods across the studies included Cardiometabochip, Immunochip, Psych-
Chip, Illumina HumanCoreExome, Illumina OmniExpress, Metabochip, Illumina Om-
niExpress 2.5, Affymetrix Axiom UK Biobank array, HumanCytoSNP-12 BeadChip,
HapMap300v2, Human Exome, I[llumina HumanOmniExpressExome-8 v1, [llumina Hu-
manHap300v1, Omnil, OmniX, [llumina HumanHap300v1 and Infinium PsychArray-24
v1.2. Imputation was performed using the following panels: 1000G phase v5, 1000G
phase v3, UK10K reference panel, HRC, HRC r1.1. The GWAS meta-analyzing all 13
studies adjusted the cytokines for age, gender, site, OLINK batch, Olink plate, MDS com-
ponents, storage time, bleed to processing time (days), smoking status, oral contraceptive
usage, blood cell counts, season of venipuncture and ancestral principal components 1-
10. The log2-based normalized expression values (NPX) for each protein were rank-based

inverse normal transformed and standardized to units of standard deviation.
deCODE

Genomic and proteomic data for 39 cytokines were taken from 35,559 Icelandic individ-
uals included in deCODE (Ferkingstad et al., 2021). deCODE genetics is an industrial
research collaboration focused on discovering genetic risk factors for common diseases.
The whole cohort, initiated in 1996 gathered genetic and medical data from approxi-
mately 500,000 individuals worldwide. In Iceland, they have gathered genotypic and
medical data from over 160,000 participants, representing a significant portion of the
adult population. On average, participants were 55 years old (standard deviation = 17
years), with 57% being women. All sample donors provided informed consent, and the
study was approved by the National Bioethics Committee of Iceland, conducted in ac-
cordance with the Data Protection Authority's guidelines. The cytokine measurements
were carried out in plasma samples using the aptamer-based SOMAScan® assay. Geno-
typing was completed using Illumina SNP Chip. Imputation was based on an in-house
developed whole genome sequencing reference panel. The genetic analyses were adjusted
for age and sex. Cytokine measurements were normalized using rank-inverse normal
transformation and standardized to standard deviation increment. To allow alignment
with other datasets, I excluded all SNPs that were not covered by the 1000 Genomes

reference panel.
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3.1.2 Disease outcomes

For the disease endpoints, I downloaded summary level data from the largest publicly
available GWAS and performed MR analyses for 3 independent disease groups (Koniec-
zny et al., 2024). Selection of disease phenotypes was based on the unrestricted availabil-
ity of GWAS summary statistics for common human diseases with case counts (ncases) >
2000 of patients from European ancestry. Following diseases were analyzed for allergic
and autoimmune phenotypes: asthma (121,940 cases, 1,254,131 controls) (Tsuo et al.,
2022), Crohn's disease (5,956 cases, 14,927 controls) (Liu et al., 2015), ulcerative colitis
(6,968 cases, 20,464 controls) (Liu et al., 2015), multiple sclerosis (47,429 cases, 68,374
controls) (International Multiple Sclerosis Genetics Consortium, 2019), psoriasis (4,815
cases, 415,646 controls) (Bycroft et al., 2018), and rheumatoid arthritis (14,361 cases,
43,923 controls) (Okada et al., 2014). For cardiometabolic phenotypes I analyzed periph-
eral vascular disease (31,307 cases, 211,753 controls) (Klarin et al., 2019), coronary ar-
tery disease (60,801 cases, 123,504 controls) (Nikpay et al., 2015), large artery stroke
(9,219 cases, 1,503,898 controls) (Mishra et al., 2022) and diabetes mellitus type II
(242,283 cases, 1,569,730 controls) (Suzuki et al., 2024). For cancer phenotypes I ana-
lyzed breast cancer (133,384 cases, 113,789 controls) (Zhang et al., 2020), colorectal can-
cer (5,657 cases, 372,016 controls) (Burrows and Haycock, 2021), lung cancer (29,266
cases, 56,450 controls) (McKay et al., 2017), non-Hodgins lymphoma (2,400 cases,
410,350 controls) (Rashkin et al., 2020), and skin cancer (23,694 cases, 372,016 controls)
(Burrows and Haycock, 2021). The data sources are detailed in Table 3.2.

3.1.3 Online databases

To assess previously reported associations a database search was conducted using the
NHGRI-GWAS (National Human Genome Research Institute - Genome-Wide Associa-
tion Study) catalogue on February 15th, 2023 (Konieczny et al., 2024). The NHGRI-
GWAS catalog is a publicly available database that consolidates information from pub-
lished GWAS and serves as a resource for researchers providing information on genetic
variants associated with a wide range of traits (Welter et al., 2014). I analyzed my GWAS
hits for associations with any of the 40 cytokines reported here, restricting the results for

European-ancestry associations.
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Disease group Disease Total N n (cases) n (controls) Population

Peripheral vascular disease 243060 31307 211753 European

Coronary artery disease 184305 60801 123504 European

Cardiometabolic

Largery artery stroke 1513117 9219 1503898 European

Diabetes mellitus type 11 1812013 242283 1569730 European

Breast cancer 247173 133384 113789 European

Colorectal cancer 377673 5657 372016 European

Cancer Lung cancer 85716 29266 56450 European
Non-Hodgkins lymphoma 412750 2400 410350 European

Skin cancer 395710 23694 372016 European

Asthma 1376071 121940 1254131 European

Crohn's disease 20883 5956 14927 European

Allergic and Multiple sclerosis 115803 47429 68374 European
Autoimmune Psoriasis 420461 4815 415646 European
Rheumatoid arthritis 58284 14361 43923 European

Ulcerative colitis 27432 6968 20464 European

Table 3.2. Details of the included disease phenotypes. This table shows sample sizes and geo-

graphic ancestry of the 15 disease phenotypes. N, total sample size; n, sample size.

3.14 eQTL data

For the transcriptome-wide association study followed by Mendelian randomization
(TWAS-MR) analysis I acquired summary statistics for eQTLs in whole blood from the
eQTLGen consortium (Konieczny et al., 2024), encompassing transcriptomic profiles for
31,684 individuals, predominantly of European ancestry (Vosa et al., 2021). The eQTL
consortium is based on data sampled from the UK Biobank (UKB) (Vosa et al., 2021).
The UKB is a population-based cohort of around 500,000 individuals aged 40 to 69, re-
cruited between 2006 and 2010 (Sudlow et al., 2015). It comprises diverse participant
data, including genome-wide genotyping, exome sequencing, magnetic resonance imag-
ing, electronic health record linkage, blood and urine biomarker measurements, and phys-
ical assessments. Informed consent was obtained from all participants. Quality control
procedures ensured data accuracy. Blood samples were collected using EDTA vacutain-
ers and fractionated as per protocol. Protein biomarker measurements utilized the Olink

technology, employing proximity extension assay.

3.2 Methods

3.2.1 Cross-assay comparison

To investigate variations in the genomic makeup influencing cytokine levels across 3
studies utilizing diverse measurement assays, I examined the overlap of SNPs within da-

tasets, focusing on variants significant at a p-value threshold of less than 0.05 and direc-
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tionally consistent (displaying the same effect estimate direction across all three data-
bases) (Konieczny et al., 2024). Employing raw data, I assessed shared SNPs by treating
one dataset as the reference and comparing it with the other two. This comparative anal-
ysis highlighted on the degree of agreement and discrepancy in genetic associations with
cytokine levels across different measurement platforms and validated my meta-analysis

approach.

3.2.2 GWAS analysis

I conducted a fixed-effects inverse variance-weighted meta-analysis for each cytokine
across the available cohorts using METAL software (v.2011-03-25) (Konieczny et al.,
2024; Willer et al., 2010). The average number of cohorts per cytokine was 2.4, the aver-
age sample size per cytokine was n=52.126 (details are provided in Table 3.1). Due to
variations in the scaling of effect estimates across the 3 datasets, I calculated the meta-
analysis using a z-score-based approach with the SCHEME SAMPLESIZE option in
METAL. Subsequently, I estimated standardized beta coefficients using p-values, mini-
mum allele frequency, and direction of effects, with weights based on sample sizes (Zhu
etal., 2016). To assess the consistency of findings across data sources and ensure validity,
reliability, and interpretability of my findings I calculated the heterogeneity of effect sizes
applying chi-square test statistics for all included markers. To address genomic inflation,
which gives information about potential population stratification of the used sample or
usage of an inappropriate model, lambda statistics were computed for each cytokine (de
Bakker et al., 2008; Greco M et al., 2015). Variants achieving genome-wide significance
(p<5x10-8) were considered significant. To identify independent variants after correction
for linkage disequilibrium (LD, see below), I performed clumping across significant var-
iants using clump_ data from the TwoSampleMR R package version 0.5.6, with an r2
threshold of <0.001 based on the European 1000 Genomes Project reference panel (1000
Genomes Project Consortium et al., 2010). Independent loci were defined as SNPs sepa-
rated by more than 1 megabyte (Mb) from the next SNPs in the 3’ and 5’ directions, as
previously described (Suzuki et al., 2024).

3.2.3 Linkage Disequilibrium Score Regression (LDSC)

Using the LD score v1.0.1. tool I applied LDSC regression with reference data from the
European 1000 Genomes project for calculation of cross-trait LDSC genetic correlations
between all 40 cytokines using the GWAS results (1000 Genomes Project Consortium et
al., 2010; B. K. Bulik-Sullivan et al., 2015; Konieczny et al., 2024; Zheng et al., 2017b).
LDSC is a statistical method to understand the genetic architecture of complex traits and
diseases, where LD is defined as the non-random association of alleles at different loci
(positions) on a chromosome (B. Bulik-Sullivan et al., 2015). It occurs when certain com-

binations of alleles at different loci are observed more frequently than expected by
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chance. LD patterns are influenced by factors such as genetic recombination and popula-
tion history. LDSC regression aids to uncover the relationship between genetic variants
and complex traits, which are influenced by multiple genetic variants as well as environ-

mental factors, by leveraging the patterns of genetic variation in the human genome.

3.2.4 Fine-mapping

To pinpoint the specific genetic variants responsible for the observed associations, I in-
vestigated significant loci associated with cytokines (Konieczny et al., 2024). I employed
PLINK v1.9 to compute LD score correlation matrices and further refined the results us-
ing SuSiE (susieR R package version 0.12.16) to derive sets of variants, ensuring the
inclusion of at least one causal variant with a cumulative probability >95% (Purcell et al.,
2007; Wellcome Trust Case Control Consortium et al., 2012). This algorithm narrows
down the genomic region surrounding an association signal to identify the most likely
causal variant. Subsequently, the causal variants were utilized to estimate the total vari-

ance explained by the identified loci for individual cytokines (Park et al., 2010).

3.2.5 Functional annotation

For interpretation of the biological significance of genetic variants I annotated the signif-
icant variants with functional information using phenoscanner (MendelianRandomization
R package version 0.6.0) (Konieczny et al., 2024). Phenoscanner ascribes functional con-
sequences (intron, intergenic, exon, upstream, downsteam, etc.) of single variants using
positional mapping (physical distance) (Kamat et al., 2019; Staley et al., 2016). Gene-
property analyses was conducted for identification of the tissue specificity of cytokines
using the FUMA Gene2Func web database (Watanabe et al., 2017).

3.2.6 Pathway and gene-set analysis

To understand how the significant variants collectively influence biological processes I
conducted MAGMA gene-based and gene-set analyses (Konieczny et al., 2024). Gene-
based analysis initially calculates p-value association tests for variants mapped to protein
coding genes which are then used to calculate gene-set p-values in the gene-set analysis.
Using predefined gene-sets, variants with significant associations to genes can then be
analyzed to determine their underlying biological pathway or interaction networks, thus
enabling mapping of key pathways associated with a particular trait or disease (de Leeuw
et al., 2015).
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3.2.7 Mendelian randomization

To understand causal relations between exposure and outcome variables I conducted MR
analysis leveraging genetic variants associated with circulating cytokine levels as instru-
mental variables (Konieczny et al., 2024). I employed two-sample MR analysis to en-
hance statistical power and generalizability considering potential sources of bias and dif-
ferences between datasets. [ used cis-acting variants (i.e. variants that act on genes in their
vicinity) as genetic instruments for the MR analyses, as they are associated with a lower
risk of pleiotropic effects when compared to trans-acting (i.e. variants that act on distant
genes) variants (Schmidt et al., 2020). Pleiotropic effects refer to the phenomenon where
a single genetic variant influences multiple, potentially unrelated phenotypes. I derived
cis-acting variants by filtering the GWAS results for variants within 300 kilobytes (Kb)
around the gene encoding the respective cytokine. I selected variants associated at
p<5x10-5 and clumped the data at r2<0.1. I applied fixed-effects inverse variance-
weighted MR analysis (MR-IVW) as the main analytical approach (Burgess et al., 2013).
MR-IVW analysis, the most common MR method, combines estimates from individual
genetic variants using weighted linear regression, assuming all variants are valid instru-
mental variables. While MR-IVW provides efficient estimates under the assumption of
no horizontal pleiotropy (i.e., genetic variants only affect the outcome through the expo-
sure), it may be sensitive to violations of this assumption. MR egger regression (MR eg-
ger) and the weighted median estimator (MR median) were used as sensitivity analyses
(Bowden et al., 2016, 2015). MR egger detects and corrects for directional pleiotropy thus
providing unbiased estimates in the presence of directional pleiotropy, it may have re-
duced statistical power compared to the other two MR methods. MR median, a particu-
larly robust MR method when there are concerns about horizontal pleiotropy, takes the
median of effect estimates and provides consistent estimates even when 50% of variants
violate the instrumental variable assumption. After harmonization of the effect alleles
across cytokines I used mr command from the TwoSampleMR R Package
(TwoSampleMR version 0.5.6) to extract the respective effect estimates. I used these

analyses techniques in 3 different settings to answer specific questions, as outlined below.

3.2.7.1 Cytokines versus cytokines

First, I performed MR analyses exploring the effects of circulating cytokine levels on
other cytokines to understand causal interconnections between cytokines (Konieczny et
al., 2024). I used cis-acting variants as exposure and the GWAS results as outcome. This
approach helped to understand the hierarchical structure within cytokines and to define

important networks in inflammation.
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3.2.7.2 Cytokines versus disease endpoints

Secondly, I measured the effects of circulating cytokine levels on allergic and autoim-
mune, cardiometabolic, and cancer disease endpoints for insights into the clinical conse-
quences of genetically proxied levels of the circulating cytokines (Konieczny et al.,
2024). Again, I used cis-acting variants as exposure and variants from GWAS’s of the

disease phenotypes as outcome.

3.2.7.3 eQTLs versus cytokines

Lastly, to further explore whether variant effects on expression of specific genes underlie
the genetic underpinnings of circulating cytokine levels, I performed transcriptome-wide
inverse variance-weighted two-sample MR analysis (TWAS-MR) (Burgess et al., 2013;
Konieczny et al., 2024). Here cis-expression quantitative trait loci (eQTL) gene instru-
ments from the eQTLGen Consortium were used as exposure and the GWAS results of

the cytokine panel as outcome.

3.2.8 Colocalization analysis

I followed-up associations with allergic and autoimmune, cardiometabolic, and cancer
outcomes showing significant associations in MR analyses by colocalization analyses
(Konieczny et al., 2024). Colocalization analysis is a method used to assess whether two
different genomic features, such as SNPs’ for circulating cytokines and disease outcomes,
tend to be located close to each other more often than expected by chance. To analyze
shared causal variants between SNPs for circulating cytokines and disease outcomes I
used the coloc R package (COLOC version 5.2.2). Coloc is a variant colocalization
method that performs tests on shared causal variants in the locus considering the GWAS
and disease outcome summary statistics at a locus jointly and probabilistically test if the
two signals are likely to be generated by the same causal variant (Giambartolomei et al.,
2014). I used the GWAS summary statistics for the significant cytokines restricted to a
flanking region £300 Kb around the genetic location of each cytokine and mapped dis-

ease-associated variants by their rapid stain identification series (rsID).
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4. Results

I detected 359 significant associations between cytokine levels and variants in 169 inde-
pendent loci, including 150 trans- and 19 cis-acting loci (Konieczny et al., 2024). Among
the trans-acting variants I identified 33 pleiotropic variants, highest number of associated
cytokines was found for the locus within the gene encoding CFH (n=12), in line with its
function as regulator of the complement system (Parente et al., 2017). Functional analyses
revealed that the cytokine-associated genes were predominantly expressed in the liver and
the vast majority of them localized within intronic and intergenic regions suggesting that
the identified variants primarily determine gene transcription or gene expression (Rose,
2019). Furthermore, gene-set analysis identified 41, mostly immunoregulatory, pathways
that showed associations with a total of 13 cytokines. Integration with transcriptomic data
identified 245 associations between gene expression and circulating cytokine levels,
whereby 22% of gene transcripts exerted pleiotropic effects on up to 9 cytokines.
Amongst other, I extended findings for key regulatory mechanisms by discovering addi-
tional cytokines affected by the scavenger receptor ACKR1 and TRAFD1-mediated sig-
naling coming from TNF receptor activation (Ahola-Olli et al., 2017; Van Der Graaf et
al., 2021; Zhao et al., 2023a). Applying MR, I detected 65 causal associations between
circulating cytokines including a network of complex cytokine interconnections with
TNF-b, VEGF, and IL-Ira exhibiting pleiotropic downstream effects. Drug target cis-MR
focused at 15 diseases including allergic and autoimmune conditions, cardiometabolic
phenotypes and cancer identified 11 causal associations, most of them involving autoim-
mune conditions. Follow-up analysis of the significant ones using colocalization revealed
granulocyte colony-stimulating factor (G-CSF/CSF-3) and monokine induced by inter-
feron-gamma (CXCL9/MIG) as potential causal mediators of asthma and CD, respec-
tively, but also a potentially protective role of TNF-b in MS.

4.1 Cross-assay reproducibility

I utilized summary-level GWAS data from 3 distinct datasets, encompassing a total of
74,783 individuals, to investigate genetic associations with 40 circulating cytokines
(Konieczny et al., 2024). These datasets included: the Cardiovascular Risk in Young
Finns Study (YFS) and FINRISK studies, which utilized Luminex bead-based multiplex
immunoassays to measure cytokines in serum (N=8,293); the Systematic and Combined
Analysis of Olink Proteins (SCALLOP) study, employing the proximity extension assay-
based Olink® platform to measure cytokines in plasma (N=30,931); and a dataset pro-
vided by deCODE, which employed the aptamer-based SOMAScan® assay to measure
cytokines in plasma (N=35,559). Acknowledging the known differences in assay meth-
odologies, I initiated the analysis by examining the replication rate of significant genetic

variants detected within each dataset across the other 2 datasets (Eldjarn et al., 2023) (see
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Figure 4.1a). Notably, although the GWAS conducted in the SCALLOP study yielded a
lower number of genome-wide significant loci for the analyzed cytokines, these identified
variants exhibited the highest reproducibility rate (with a significance threshold of
p<5x10-5 and directional consistency) in the other 2 datasets, demonstrating a median
reproducibility of 67% in YFS & FINRISK and 63% in deCODE (see Figure 4.1b). Con-
versely, variants detected as significant in the YFS & FINRISK dataset demonstrated a
lower reproducibility rate (with a median of 4% in deCODE and 11% in SCALLOP), as
did those from the deCODE dataset (with a median of 21% in YFS & FINRISK and 19%
in SCALLOP). Of particular interest, monocyte specific cytokine 1 (CCL2/MCP-1) and
vascular endothelial growth factor (VEGF) exhibited the highest relative proportion of
reproducible single nucleotide polymorphisms (SNPs) across all 3 datasets, irrespective

of the specific assay utilized for cytokine measurement.

4.2 GWAS reveals novel trans- and cis-acting variants

Following this, I conducted GWAS’s using pooled data from 3 datasets (Konieczny et al.,
2024). Through this comprehensive approach, I identified a total of 359 significant asso-
ciations between genetic variants at 169 independent genomic loci and the circulating
levels of one or more of the 40 cytokines (with a stringent significance threshold of
p<5%10-8 in fixed-effects analysis, see Figure 4.2 and Table A.1 in the appendix for a
full list of significant variants). Notably, variants exhibiting significant heterogeneity
among the 3 cohorts (indicated by a heterogeneity p-value < 0.1) are detailed in Table
A.2 in the appendix, encompassing 48% of the significant loci (with a range of 0% to
100% across the 40 cytokines). Additionally, to assess the robustness of my findings, I
calculated lambda values, ranging between 0.96 for interleukin (IL)-16 and 1.04 for basic
fibroblast growth factor (FGFb), indicating the absence of overall inflation in the test
statistics (see Table 4.1). To contextualize my discoveries within the existing literature,
I cross-referenced the identified loci with the GWAS catalogue
(https://www.ebi.ac.uk/gwas/), revealing that 156 of these loci had not been previously
associated with circulating levels of the 40 cytokines in previous GWAS (refer to Table
A.3 in the appendix). Furthermore, I evaluated the proportion of variance explained by
the significant variants, which ranged from 0.0008 for interleukin-17 (IL-17) to 0.033 for
stem cell growth factor beta (SCGF-b), providing insights into the genetic determinants
influencing cytokine levels (see Table A.1 in the appendix). Consistent with expectations
arising from the larger effect sizes typically associated with rare genetic variants, my
analysis revealed a robust inverse correlation between the minimum allele frequency and
effect size (Spearman’s rho=-0.827, p=5x10-30, as depicted in Figure 4.3a). Notably, the

majority of the significant loci (150 out of 169) were represented by trans-acting variants,
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Figure 4.1a. Comparisons of significant genomic loci for 40 circulating cytokines across 3 proteomics
assays. Number of reproducible and non-reproducible SNPs per cytokine (depicted as saturated and light-
colored bars, respectively) for deCODE, SCALLOP and YFS & FINRISK cohorts. SNP, Single-nucleotide
polymorphism; SCALLOP, Systematic and Combined AnaLysis of Olink Proteins; YFS & FINRISK, Car-
diovascular Risk in Young Finns Study. Reprinted from Konieczny et al., 2024. medRxiv. 2024-04. CC-
BY-NC-ND 4.0.
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Figure 4.1b. Comparisons of significant genomic loci for 40 circulating cytokines across 3 proteomics
assays. Median proportion of replicated SNPs across the 3 platforms (error bars represent the 25" and 75
percentiles). Colored bars represent deCODE consortium in red, SCALLOP consortium in blue and YFS
& FINRISK cohorts in yellow. SNP, Single-nucleotide polymorphism; SCALLOP, Systematic and Com-
bined AnaLysis of Olink Proteins; YFS & FINRISK, Cardiovascular Risk in Young Finns Study. Re-
printed from Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND 4.0.

indicating their influence on cytokine regulation from distant genomic positions. Man-
hattan plots for each cytokine are provided in the appendix (Figure A.1). Upon exclusion
of the human leukocyte antigen (HLA) region on chromosome 6, I identified 33 plei-
otropic variants exhibiting associations with more than one cytokine among the signifi-
cant trans-acting variants (refer to Figure 4.3b). Notably, a locus hotspot, prominently
featuring associations with multiple cytokines, was identified within the gene region en-
coding complement factor H (CFH). This soluble mediator plays a pivotal role in regu-
lating inflammatory responses mediated by the complement system, providing a plausible
mechanism underlying its associations with multiple cytokines (Parente et al., 2017). Re-
siding within CFH the pleiotropic variants rs1329424 and rs12127759 showed associa-
tions with 9 and 3 cytokines, respectively (rs1329424 associated with cutaneous T-cell
attracting [CTACK/CCL27], interleukin-4 [IL-4], interleukin-5 [IL-5], interleukin-7 [IL-
71, interleukin-10 [IL-10], interleukin-17 [IL-17], tumor necrosis factor-alpha [TNF-a],
tumor necrosis factor-beta [TNF-b], TRAIL; rs12127759 associated with IFN-g, interleu-
kin-8 [IL-8], interleukin-13 [IL-13]). Furthermore, while at least one significant trans-

acting variant was observed for all studied cytokines (with a median number of 5 variants
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Figure 4.2. Genetic architecture of the circulating levels of the 40 cytokines. Circular Manhattan plot
of genomic loci significantly associated with circulating levels of 40 cytokines. The 359 genome-wide

significantly associated variants at p < 5x10—8 are depicted as black dots for the pooled data from YFS &
FINRISK, SCALLOP, and deCODE cohorts. The horizontal and vertical location of dots in each single

rectangle signify genomic positioning (increasing from left to right) and p-value (decreasing from bottom

to top), respectively. SCALLOP, Systematic and Combined AnaLysis of Olink Proteins; YFS & FINRISK,
Cardiovascular Risk in Young Finns Study; Chr, chromosome. Reprinted from Konieczny et al., 2024.
medRxiv. 2024-04. CC-BY-NC-ND 4.0.

per cytokine, ranging from 1 to 22), I also detected significant cis-acting variants proxi-
mal to the encoding gene for 19 cytokines (see Table 4.1). Examples of multi-locus
regulated cytokines with a predominance of trans loci were stem cell factor (SCF,
Ngans=206, Neis=1), macrophage colony-stimulating factor (MCSF, ngans=25, ncis=4), plate-
let growth factor beta (PDGFb, nuans=21, ncis=1), cytokines with a predominance of cis
loci were VEGF (ngans=13, ncis=66), GROa (ngans=17, ncis=57), and MCP3 (ngans=8,

neis=53). Multi-locus-regulated cytokines that showed similar numbers of trans and cis
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Cytokine Lambda Frequency
bNGF 1,01 2
CCL27/CTACK 1,01 1
CCLI11/eotaxin-1 1,03 12
FGF-b 1,04 5
G-CSF/CSF-3 0,99 3
CXCL1/GROa 1,02 7
HGF 1,01 9
IFNg 1,01 9
IL-10 1,00 2
IL-13 1,00 1
IL-16 0,96 11
IL-17 1,02 1
IL-18 1,01 8
IL-1b 0,98 4
IL-1ra 1,03 5
IL-2 1,02 5
IL-2ra 1,01 1
IL-4 1,01 3
IL-5 1,00 1
IL-6 1,02 2
IL-7 1,01 2
CXCLS/IL-8 1,01 7
IL-9 1,03 3
CXCL10/IP-10 1,01 5
M-CSF/CSF-1 1,00 17
CCL2/MCP-1 1,01 5
CCL7/MCP-3 1,02 4
MIF 1,01 1
CXCLI/MIG 1,01 6
CCL3/MIP-1a 1,00 6
CCL4/MIP-1b 1,00 4
PDGFbb 1,02 20
RANTES 1,02 6
SCF 1,00 20
SCGF-b 1,00 22
CXCLI12/SDF-1a 1,00 11
TNF-a 1,01 1
TNF-b 1,02 2
TRAIL 1,01 8
VEGF 0,99 6

Table 4.1. Genomic inflation and pleiotropy. This table shows the genomic lambda values (signi-
fying an inflation of the test statistics with increasing deviation from 1), and the number of associated

variants for individual cytokines.
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Figure 4.2 Trans- and cis-acting genetic variants underlying circulating cytokines. (a) Inverse corre-
lation between minimum allele frequency and effect size illustrated for trans- and cis-acting loci. (b) Num-
ber of pleiotropic loci associated with circulating cytokines (excluding the HLA region on chromosome 6).
(c) Cis-acting variants showed stronger associations with cytokine levels when compared with trans-acting
variants. Bars and lines represent median and 95% confidence intervals, respectively. HLA, human leuko-
cyte antigen; SD, standard deviation. Reprinted from Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-
NC-ND 4.0.

loci were stem cell growth factor beta (SCGFb, ngans=32, ncis=27), SDFla (ngans=14,
neis=17) and RANTES (nuans=9, ncis=12). Impressively, lead cis-acting variants exhibited
stronger associations with cytokine levels (with a mean absolute beta of 0.18, ranging
from 0.05 to 0.94) compared to trans-acting variants (with a mean absolute beta of 0.08,
ranging from 0.03 to 0.55, p-for-comparison=0.03, see Figure 4.3¢). Further specifying
the distance of the cis-loci to their associated cytokine genomic location I looked at the
lead loci (defined as locus with the smallest p-value for each of the cytokines). I found 6
lead loci located 100 Kb around the genes of the cytokines, another 11 lead loci at 50 Kb
around the genes and 2 lead loci within the genetic location. To elucidate the causal var-
iants underlying the associations between serum cytokine levels and genes within each of
the 169 independent genomic loci, I employed SuSiE fine mapping. This approach uti-
lizes a Bayesian framework to pinpoint credible sets of variants with a posterior proba-
bility of association (PPA) of 95%. Across the loci examined, the number of variants
within these credible sets ranged from 2 to 50. Remarkably, some loci exhibited a sub-
stantial number of variants within their credible sets. Notably, the highest counts were
observed at 15g21.3 for stem cell factor (SCF) (n=50), at 19q13.33 for SCGF-b (n=49),
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and at 6p21.1 for VEGF (n=44). SuSiE effectively mapped the association test lead vari-
ant to the credible sets for 49 genomic loci, indicating that the GWAS lead variants were

the most probable causal mutations.

4.3 Functional follow-up analyses highlight immune response regulatory
mechanisms

To delve deeper into the biological significance and downstream functional implications
of the identified variants, I conducted comprehensive follow-up analyses (Konieczny et
al., 2024). Utilizing a MAGMA gene-based analysis, I uncovered 829 significant associ-
ations with the levels of circulating cytokines, reaching a significance level defined by
Bonferroni correction (detailed in Table A.4 in the appendix). Remarkably, these associ-
ations were linked to 626 uniquely mapped genes, each associated with at least one cyto-
kine. The breadth of gene involvement varied widely across cytokines, ranging from 1
gene for beta nerve growth factor (bONGF), cutaneous T-cell attracting (CCL27/CTACK),
IL-10, and tumor necrosis factor-alpha (TNF-a), to as many as 95 genes mapped for SCF,
92 genes for macrophage inflammatory protein-1b (CCL4/MIP-1b), and 51 genes for
CCLI11/eotaxin-1. Notably, in line with my GWAS results, described above, the abun-
dance of cytokines associated with the CFH gene (n=16) agrees with its function as mod-
ulator of the C3 convertase which is a key regulator of downstream inflammatory re-
sponse of the complement system (Parente et al., 2017). Further analysis revealed genes
with exceptionally low p-values, including H4C14 for monocyte specific chemokine 3
(CCL7/MCP-3) (p=1x10-50), DBA4 for interleukin-16 (IL-16) (p=1.3x10—45), and
ABCI1 for SCF (p=1.9x10—-29). Moreover, a gene-property analysis unveiled that cyto-
kine-related genes were predominantly enriched for expression in the liver
(p=4.9x10—-10), consistent with its established role as a primary source of many cyto-
kines. Additionally, enriched tissues included the spleen (p=4.9%x10—4) and lung
(p=5.9x10—4, see Figure 4.4). In tandem with these findings, a MAGMA gene-set anal-
ysis highlighted 41 pathways significantly associated with 13 cytokines, surpassing the
Bonferroni-adjusted significance threshold (p<1.2x10-7, detailed in Figure 4.5). Out of
these significant associations 10 cytokines mapped to 33 immunoregulatory pathways,
most of them involved in chemokine regulation and antigen-related processes. The re-
maining pathways revolved around metabolic and developmental processes. My gene-set
analysis highlights on the interplay between genetic variants and cytokine regulation and
offers insights into the underlying mechanisms driving immune responses. Positional
mapping revealed that 79% of significant variants were localized within intronic (54%)
and intergenic (25%) regions, indicating their potential roles in modulating gene tran-
scription or gene expression profiles (see Figure 4.6) (Rose, 2019). This observation

prompted me to integrate the GWAS findings with transcriptomic data, leading to the
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Figure 4.3 Gene property analysis reveals enriched tissues. Tissues that turned-out significant for ex-
pression of cytokine-related genes included the liver, spleen and lung. Individual tissues are depicted by
separate bars. The red horizontal bar signifies the Bonferroni-corrected significance level.

execution of a TWAS - MR analysis and enabling a deeper exploration of the transcrip-
tional effects underlying my GWAS results. To analyze the gene expression profile asso-
ciated with my GWAS results, I conducted TWAS-MR analysis utilizing cis-eQTLs as
genetic instruments. I identified 245 significant associations between genetically proxied
gene expression in whole blood and cytokine levels (refer to Figure 4.7 and Table A.S
in the appendix). The number of significant genes associated with each cytokine ranged
from 1 to 18. Herein, the cytokine concentration that were influenced by a multitude of
different genes were found for SCGF-b (n=18) but also for SCF (n=17), M-CSF (n=16),
PDGFbb (n=15), and IL-8 (n=15). Remarkably, while the majority of significant genes
(78%) exerted an influence on the levels of a single cytokine, the genetically proxied
expression of 54 genes demonstrated effects on circulating levels of up to 9 cytokines.
Notably, these genes included SKIV2L (n=9), HLA-DRBS5 (n=9), NELFE (n=7), ACKR1
(n=5), FCER1A (n=4), TRAFDI (n=4), and LCMT2 (n=4). Interestingly, I observed sig-
nificant cis-effects of the encoding gene expressions on the circulating levels of only 3
out of the 40 respective cytokines. This finding aligns with previous comparisons between
eQTLs and pQTLs, indicating that the circulating proteome is not directly dictated by the
whole-blood transcriptome (GTEx Consortium, 2020; Zhao et al., 2023b). Upon exclu-
sion of genes within the densely packed HLA region (e.g., SKIV2L, HLA-DRBS, and
NELFE), I delved deeper into the biological
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Figure 4.6. Functional significance of cytokine-related variants. The pie-chart visualizes the function-
al consequences, with 79% of variants determining gene transcription or gene expression (i.e. being located
in intronic and intergenic regions), 16% mapped to up- or downstream regions and 2% being located in
missense locations. Gene functions are color cod-ed, with green depicting variants in intronic regions, or-
ange depicting variants in intergenic regions, dark violet depicting variants upstream of the respective
genes, violet depicting variants downstream of the respective genes, brown depicting missense variants,
light green depicting variants in non-coding RNA exonic regions, yellow depicting variants in the 3’ un-
translated region of the respective genes, dark brown depicting variants in synonymous regions, dark grey

depicting variants in the 5’ untranslated region of the respective genes.

significance of the pleiotropic genes ACKR1, TRAFDI, and LCMT?2. The genetically
proxied mRNA levels of ACKRI exhibited associations with circulating levels of
CCL2/MCP-1, CCL7/MCP-3, CCLI11/eotaxin-1, growth regulated oncogene-alpha
(CXCL1/GROa), and CXCLS8/IL-8. ACKR1 encodes a cell-surface receptor known for
binding, internalizing, and transporting multiple CC and CXC chemokines, thus facilitat-
ing leukocyte transcytosis into the circulation (Korbecki et al., 2022; Schnabel et al.,
2010). Acting as a scavenger receptor, ACKR1 modulates cytokine bioavailability,
thereby impacting inflammatory responses (Crawford and Volkman, 2023; Szpakowska
et al., 2023). The associations identified were predominantly driven by rs12075, a well-
characterized missense variant in ACKRI1, leading to less efficient chemokine binding
due to the loss of a necessary amino acid-sulfation (refer to Figure 4.8) (Jiménez-Sousa
et al., 2019). This impaired receptor binding results in elevated circulatory chemokine
levels, potentially prompting a compensatory increase in ACKR1 expression, thus ex-
plaining the positive association between genetically proxied ACKR1 and its ligands
(Chen et al., 2020). I replicated previously reported associations between ACKR 1
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Figure 4.7. Genetically predicted gene expression in peripheral blood partly explains the genetic ar-
chitecture of 40 circulating cytokine levels. The dots represent genes, the blood expression of which was
significantly associated with circulating cytokine levels in a Mendelian randomization-based transcriptome-
wide association study. Reprinted from Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND 4.0.



4 Results 48

» Elevated serum cytokine concentration
« Compensatory increased ACKR1 density

@ cciomver1 @ cozmers @ ceLtijeotaxin1 @) cxcL1/GRoa (@) CxCL8/IL-8

Figure 4.8. Gene expression of ACKR1 exerts pleiotropic effects on multiple cytokine levels. Sche-
matic illustrating the impact of cis-eQTLs for ACKR1 on receptor function. Left hand side shows ACKR1
gene encoding the atypical chemokine receptor 1 functioning as sink for multiple chemokines which are
buffered intracellularly in venular endothelial cells. Depicted on the right, is the missense variant rs12075
coding for a dysfunctional receptor with less efficient chemokine binding efficacy. This leads to higher
levels of circulating CCL2/MCP-1, CCL7/MCP-3, CCL11/eotaxin-1, CXCL1/GROa, and CXCLS8/IL-8
and possibly to a compensatory increase in ACKR1 expression and receptor density. ACKRI, atypical
chemokine receptor 1. eQTL, expression quantitative trait loci. Reprinted from Konieczny et al., 2024.
medRxiv. 2024-04. CC-BY-NC-ND 4.0.

and levels of CCL2/MCP-1, CCL7/MCP-3, CCL11/eotaxin-1, and CXCL1/GRO-a,
while additionally demonstrating an association with CXCLS8/IL-8 levels (Ahola-Olli et
al., 2017; Zhao et al., 2023b). Similarly, genetically proxied expression of tumor necrosis
factor receptor-associated factor 1 (TRAFD1) was linked to multiple circulating cytokine
levels, including CCL7/MCP-3, CXCL9/MIG, interferon gamma-induced protein 10
(CXCL10/1P-10), and tumor necrosis factor-beta (TNF-b) (refer to Figure 4.9). TRAFD1
serves as an adaptor protein binding to the intracellular domain of TNF receptors on in-
nate and adaptive immune cells. It regulates downstream signaling, particularly involving
the nuclear factor 'kappa-light-chain-enhancer' of activated B-cells pathway (NF-kB),
thereby modulating the production of several pro-inflammatory cytokines and inflamma-
tory responses (Lalani et al., 2018; Park, 2021; Takechi et al., 2016). Moreover, TRAFD1
is a pivotal regulator of genes involved in interferon-g (IFN-g) signaling and T-cell re-
ceptor activation (Van Der Graaf et al., 2021). Additionally, genetically proxied expres-
sion of the gene encoding for LCMT?2 displayed associations with bNGF, CXCLS8/IL-8,
CXCL10/IP-10, and platelet-derived growth factor-bb (PDGFbb). LCMT2's involvement
in amino acid metabolism suggests a role in regulating hypothalamic gene expression,
although limited information exists regarding its biological function (Fantus et al., 2021;
Gao et al., 2020).
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Figure 4.9. Gene expression of TRAFD1 exerts pleiotropic effects on multiple cytokine levels. Sche-
matic illustrating how genetically proxied TRAFD1 expression regulates multiple cytokine levels
(CCL7/MCP-3, CXCL9/MIG, CXCL10/IP-10, TNF-b), supporting its regulatory role in TNF-mediated NF-
kB signaling. TNF-R, TNF-receptor; NF-«kB, nuclear factor 'kappa-light-chain-enhancer' of activated B-cells.
Reprinted from Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND 4.0.

4.4 Genetic associations point to network interactions between circulating

cytokines

Moving forward, I delved into the cross-trait genetic correlations among the circulating
levels of the 40 studied cytokines (refer to Figure 4.10). Notably, one third of these cor-
relations reached significance at p<0.05, with the vast majority (96%) being positive as-
sociations. To unravel the causal interconnections between circulating cytokine levels, I
conducted MR analysis utilizing cis-variants identified from my GWAS analysis. This
analysis revealed significant associations between 65 pairs of cytokines, comprising 53
positive associations and 12 negative associations (see Figure 4.11 and Table A.6 in the
appendix). Remarkably, genetically proxied levels of certain cytokines — namely,
CCL7/MCP-3, stromal cell-derived factor-lalpha (CXCL12/SDF-1a), granulocyte col-
ony-stimulating factor (G-CSF), interleukin-9 (IL-9), tumor necrosis factor-beta (TNF-
b), and VEGF — were positively associated with the levels of more than 2 other cyto-
kines. Conversely, genetically proxied levels of CXCL1/GROa and IL-1ra were nega-
tively associated with lower levels of more than 2 other cytokines. Noteworthy significant
associations were detected particularly for TNF-b (n=13), VEGF (n=9), IL-1ra (n=7), IL-
9 (n=7), and G-CSF (n=7). The pleiotropic effects of VEGF on 9 other cytokines (GROa,
HGF, IL-1ra, IL-8, M-CSF, MCP-1, MCP-3, RANTES, TNF-a) might be explained be-
cause of the highly pleiotropic cis-acting variants rs3025020 and rs699947 at 6p21.1. A
search for the VEGFA gene conducted at the GWAS catalogue confirmed associations
with 3 cytokines (IL-1ra, IL-8, TNF-a). A Previous GWAS study already
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Figure 4.10. LDSC heatmap showing cross-cytokine associations. Genetic correlations with LD-score
regression across cytokine serum levels are depicted as correlation heatmap. Stars highlight significance
level *, 0.05; **, 0.0001; ***,0.00001. LD-score correlation coefficients are illustrated according to the
legend below spanning from -1 in blue to +1 in red, missing correlation coefficients are depicted in grey.
LD, linkage disequilibrium. Reprinted from Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND
4.0.

hypothesized about a regulatory mechanism for VEGF on 4 other cytokines (Ahola-Olli
et al., 2017). I can confirm these results and add more downstream targets affected by
VEGF. The negative associations observed between IL-1ra and several proinflammatory
cytokines (CCL7/MCP-3, IL-9, TNF-a, TNF-b), chemokines (macrophage inflammatory
protein-1a, CCL3/MIP-1a), and growth factors (hepatocyte growth factor, HGF; VEGF),
align well with the immunoregulatory role of the IL-1 pathway and the inhibitory effect
of IL-1ra on downstream IL-1 signaling pathways (Basu et al., 2004; Boersma et al.,
2021). Of significance, TNF-b emerged as a pivotal player in the network analysis, show-
casing characteristics of a master regulator by exhibiting significant associations with
higher circulating levels of 13 mostly pro-inflammatory cytokines (b(NGF, GROa, IL-1ra,
IL-2ra, IL-9, IL-16, MCP-3, MIG, MIP-1a, SCGF-b, TNF-a, TRAIL, VEGF) which
might be explained by the variant rs4947328 located at 6p21.33 and coding for the
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Figure 4.11. Cross-cytokine MR reveals network structure. Cis-Mendelian randomization between
genetically proxied circulating cytokine levels identified TNF-b, VEGF and IL-1ra as master regulator.
Arrow heads show the direction of causal influence, color gradient indicates the effect estimate and line
width the logarithm-adjusted Benjamin-Hochberg corrected significance level. Reprinted from Konieczny
et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND 4.0.

natural cytotoxicity triggering receptor 3 (NCR). NCR’s are expressed on natural killer
(NK) cells, they have multiple ligands (e.g. IL-2 for activation of resting NK cells) and
are key regulators of NK cell cytotoxicity (e.g. via TRAIL for induction of apoptosis in
tumor cells) and of the cytokine secretion profile of NK cells (e.g. TNF-a, MIP-1a, IL-9)
(Barrow et al., 2019). Due to the role TNF-b has for differentiation and recruitment of
NK cells it indirectly modulates cytokine concentrations in serum (Calmon-Hamaty et
al., 2011). Moreover, TNF-b displayed significant positive LDSC genetic correlations
with 7 of the 13 cytokines, indicating a shared genetic architecture within the TNF-b net-
work (Figure 4.10). While certain interactions with TNF-b have been well-documented,
such as those involving IL-1ra, TNF-a, TNF-related apoptosis-inducing ligand (TRAIL),

and VEGF, the majority of interactions have not been previously reported and warrants
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further investigation (Daniel and Wilson, 2008; Ding et al., 2016; Okada and Kawada,
1987).

4.5 Cis-Mendelian randomization and colocalization highlight potential drug
targets for immune-related diseases

To gain insights into the clinical implications of genetically influenced levels of circulat-
ing cytokines, I analyzed associations with allergic and autoimmune, cardiometabolic,
and cancer outcomes using drug-target two-sample MR followed by colocalization anal-
yses (see Figure 4.12 and Table A.7 in the appendix) (Konieczny et al., 2024). In this
analysis, I employed cis-acting genetic variants as instruments, given their lower likeli-
hood of influencing cytokine levels through pleiotropic mechanisms. Additionally, I com-
plemented these analyses with Bayesian colocalization to prioritize associations less sus-
ceptible to pleiotropy resulting from LD with neighboring genes (Zuber et al., 2022).
Following correction for multiple comparisons, I identified 24 significant MR associa-
tions between genetically influenced cytokine levels and disease outcomes, comprising
14 positive and 10 negative associations. Notably, my MR findings provided partial con-
firmation of established pathogenetic associations with diseases and therapeutic drug tar-
gets already in clinical application. For instance, solid evidence links variants increasing
IL-2ra to elevated risks for MS and CD (Ahola-Olli et al., 2017). Aldesleukin, a recom-
binant form of IL-2 approved for cancer indications, is currently under investigation in a
phase-2 clinical trial for CD (ClinicalTrials.gov ID: NCT04263831) (Allegretti et al.,
2023). Similarly, compounds targeting IL-1 signaling, such as anakinra or canakinumab,
represent established treatment strategies for inflammatory joint diseases like RA or ju-
venile arthritis (Bedaiwi et al., 2021; Shaul et al., 2022). These findings underscore the
clinical relevance of genetically influenced cytokine levels and highlight potential thera-
peutic avenues for various diseases. Out of the 24 signals identified, four also exhibited
evidence of significant colocalization, indicating a PPA greater than 80% for shared
causal variants between cytokine levels and disease outcomes (refer to Figure 4.12 and
Table 4.2). This strengthened the evidence for causality in these 4 cytokine-disease pairs.
These noteworthy associations included higher genetically influenced levels of G-CSF
being linked to asthma, lower genetically influenced G-CSF levels and higher genetically
influenced levels of CXCL9/MIG being associated with CD, and lower genetically influ-
enced TNF-b levels being associated with MS. Additionally, the association between ge-
netically influenced IL-1ra levels and a decreased risk of RA reached a PPA of 68% in
colocalization analysis. These findings align with data from preclinical studies (Kwak et
al., 2022; Ouyang et al., 2020; H. Wang et al., 2019), observational studies in humans
(Akesson et al., 2023; Hojjati et al., 2023; Huang et al., 2020; Romme Christensen et al.,
2012; Walshe et al., 2022), and clinical
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Figure 4.12. Cis-Mendelian randomization associations and colocalization analyses between genetically proxied
cytokine levels and disease risk. Significant associations between circulating cytokine levels and disease outcomes are
shown for allergic and autoimmune, cardiometabolic, and cancer outcomes. Effect sizes and log-transformed, Benjamin-
Hochberg corrected p-values are illustrated by color gradient and circle size, respectively. Only cytokines and disease
endpoints with at least 1 significant association are depicted. Numbers at the top indicate average number of cis-acting
genetic variants used as instruments in MR analyses. Stars highlight significant genetic colocalization (posterior proba-
bility of association >0.8) for shared causal variants between circulating cytokine levels and disease risk. Reprinted from
Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND 4.0.
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trials (Dejaco et al., 2003; Korzenik and Dieckgraefe, 2005) thereby providing support
for potentially promising targeted immunotherapies for these indications. This conver-
gence of evidence underscores the importance of further investigating these cytokine-

disease associations and their potential implications for therapeutic interventions.

Cytokine Disease PPA for‘ cytokine PPA fon" disease PPA for ‘unrelated PPA for' common
variants variants variants variants
G-CSF asthma 0,00 0,00 0,07 0,92
IL-9 breast cancer 0,88 0,00 0,00 0,12
G-CSF CD 0,00 0,00 0,02 0,98
IL-1RA CD 0,98 0,00 0,00 0,02
IL-2RA CD 0,98 0,00 0,00 0,02
IP-10 CD 0,88 0,00 0,00 0,12
MIG CD 0,15 0,00 0,00 0,85
SDF-1A CD 0,98 0,00 0,00 0,01
IL-18 CRC 0,99 0,00 0,00 0,01
IL-1RA CAD 0,89 0,00 0,00 0,11
TRAIL CAD 0,90 0,00 0,00 0,09
IL-2RA MS 0,00 0,00 1,00 0,00
RANTES MS 0,96 0,00 0,00 0,04
TNF-B MS 0,00 0,01 0,03 0,96
FGF-bb psoriasis 0,95 0,00 0,01 0,04
IL-18 psoriasis 0,86 0,00 0,00 0,13
SDF-1A psoriasis 0,96 0,00 0,00 0,04
IL-1RA RA 0,32 0,00 0,00 0,68
RANTES stroke 0,97 0,00 0,00 0,03
IL-18 ucC 0,82 0,00 0,00 0,18
IP-10 ucC 0,91 0,00 0,00 0,09
MCP-1 ucC 0,80 0,00 0,00 0,17
MIP-1A uc 0,98 0,00 0,00 0,02

Table 4.2. Colocalization of causal variants associated with circulating cytokine concentrations and
disease outcomes. Table compiles results for genomic colocalization between cytokine associated vari-
ants and disease associated variants. Values represent (from left to right) the probability (PPA) that the
underlying shared association signal is causally linked to cytokine-related variants only, causally linked
to disease-related variants only, causally linked to unrelated variants or causally linked to common vari-
ants. Colocalization (highlighted in bold) is considered if the PPA exceeds 80% for common causal var-
iants. PPA, posterior probability of association; CD, Crohn’s disease; CRC, colorectal cancer; CAD, ca-
rotid artery disease; MS, multiple sclerosis; RA, rheumatoid arteritis; UC, ulcerative colitis.

4.6 Integration of cytokine-disease MR and TWAS-MR results implicates
additional mediators of disease mechanisms that could represent promising

drug targets

In my final step, I aimed to merge the results from the cytokine-disease MR analysis with
the TWAS-MR results, with the aim of identifying upstream regulators of potentially
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causal cytokines (Konieczny et al., 2024). I conducted MR analyses between the genet-
ically influenced expression of genes significantly associated with G-CSF, CXCL9/MIG,
and TNF-b in the TWAS-MR analyses, and the corresponding disease outcomes. My
findings revealed that higher genetically influenced expression of PPP1R37 is linked to
lower levels of G-CSF, as well as a reduced risk of asthma (see Figure 4.13a). Addition-
ally, I observed that higher genetically influenced expression of TRAFDI is associated
with elevated CXCL9/MIG levels and an increased risk of CD (see Figure 4.13b). Lastly,
I also found that an increase in the genetically influenced expression of TRAFD1 causing
higher TNF-b serum levels and an elevated risk for MS (see Figure 4.13c). These results
provide valuable insights into potential upstream regulators of key cytokines and their
implications in disease susceptibility, paving the way for further exploration of therapeu-
tic targets and intervention strategies. Locus zoom plots for each of the cytokine — disease

pairings are provided in the appendix (Figure A.2).

a Risk for asthma
>

b Risk for
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multiple sclerosis
8
@ ’

Figure 4.13. Causal associations between genetic regulators for cytokines, circulating cytokine levels and disease
risk. (a) Genetically proxied mRNA for PPPIR37, PVR, RTN2 and IGFBP2 affect serum G-CSF levels leading to in-
creased risk for asthma. In turn, PPP/R37 directly lowers disease risk for asthma. (b) Genetically proxied mRNA for 11

genes underlying CXCL9/MIG serum levels differentially affect circulating cytokine concentrations which influence the
risk for Crohn’s disease. Independently, TRAFDI, ATF6B and C4A4 also modulate disease risk for Crohn’s disease. (¢)
Genetically proxied mRNA for TRAFD1, BETIL, STK19B genes increase circulating TNF-b levels which lowers the risk
for multiple sclerosis. TRAFD] is also directly associated with disease risk, leading to higher multiple sclerosis risk. Re-
printed from Konieczny et al., 2024. medRxiv. 2024-04. CC-BY-NC-ND 4.0.
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5. Discussion

Pooling data from a collective of 74,783 individuals across 3 independent GWAS cohorts,
I pinpointed 169 distinct genomic loci exerting influence over the circulating levels of 40
cytokines (Konieczny et al., 2024). Notably, 156 of these loci represent novel findings,
not previously associated with circulating cytokine levels in previous GWAS endeavors.
Further, I identified 41 immunoregulatory pathways associated with circulating concen-
trations of 13 cytokines. Integrating my findings with transcriptomic data, I conducted a
TWAS-MR analysis, uncovering 245 potentially causal associations between gene ex-
pression, particularly of immunoregulatory genes in peripheral blood, and circulating cy-
tokine levels. Delving into the regulatory interactions among cytokines, I identified TNF-
b, VEGF, and IL-1ra as pivotal orchestrators, exercising master control over the circulat-
ing levels of multiple cytokines. Lastly, I identified genetically proxied serum concentra-
tions of cytokines as risk factors for 11 allergic and autoimmune disease, cardiometabolic
disease and cancer. Following-up with colocalization analysis I obtained compelling ev-
idence implicating the circulating levels of 3 cytokines—G-CSF, CXCL9/MIG, and TNF-
b—in the pathogenesis of asthma, CD, and MS, respectively. These findings offer inval-
uable insights for the development of more targeted and specific immunotherapies tai-

lored to these conditions.

In the GWAS analyzing the genomic architecture of 40 inflammatory cytokines I identi-
fied 359 significant associations between 169 independent loci and serum concentrations
of circulating cytokine concentrations, whereby most of the identified genetic loci have
not been associated with serum cytokine levels in previous GWASs. All of the studied
cytokines had at least one significant trans-locus and 29 cytokines showed additional as-
sociations with one or more significant cis-loci. In expression analysis I found 245 sig-
nificant associations linking genetically proxied gene expression in whole blood and cy-
tokine levels for all but one of the included cytokines. In a previous approach using the
same cytokine panel but only one GWAS cohort, Ahola-Olli et al. identified only 27
GWAS associations with serum cytokine levels and 15 significant eQTL’s (Ahola-Olli et
al., 2017). My more extensive approach has important implications for deciphering the
complex architecture of inflammatory signaling pathways. For example, I could extend
the findings of Ahola-Olli on the genetic background for the scavenger receptor ACKR1.
This cell-surface receptor binds, internalizes and transports multiple CC and CXC chem-
okines and promotes leukocyte transcytosis into the circulation with potential relevance
for allergic and autoimmune disease, cardiometabolic disease and cancer. (Crawford and
Volkman, 2023; Korbecki et al., 2022; Schnabel et al., 2010; Szpakowska et al., 2023).
In addition to the previous findings I showed that ACKRI1 expression levels affect serum
concentrations of 5 inflammatory cytokines in line with the postulated function as buffer
and sink for multiple cytokines (Ahola-Olli et al., 2017; Zhao et al., 2023b). Further I



5 Discussion 57

genetically outlined pathways of the TRAFD1 receptor domain which modulates down-
stream signals coming from TNF receptors, TLR and NLR (Edilova et al., 2018; Lalani
et al., 2018; Park, 2021). In my approach linking expression levels of genes underlying
cytokine concentrations, serum levels of cytokines and disease risks I identified TRAFD1
as upstream regulator of multiple cytokines levels and disease risk of T-cell mediated
autoimmune disorders, in line with previous research showing involvement in Coeliac
disease (Van Der Graaf et al., 2021).

In the network analysis, I observed that over 80 % of the significant interactions between
cytokines resulted in an increase in downstream cytokine concentrations. This finding
suggests the presence of a self-perpetuating feedback mechanism, particularly dominated
by pro-inflammatory cytokines, driving robust inflammatory responses. It indicates a
widespread trend where cytokines mutually activate each other, amplifying their immune
reactions. Specifically, within the IL-1ra and TNF-b network, I expanded the repertoire
of downstream affected cytokines. TNF-b emerged as a prominent master regulator, ex-
erting significant downstream effects on 13 other cytokines. This observation underscores
the pivotal role of TNF-b in orchestrating immune responses. It is consistent with existing
literature on TRAFD1's downstream effects, which influence various cytokine-encoding
genes such as CXCL10/IP-10 and IFN-g (Van Der Graaf et al., 2021). This aligns with
the notion that cytokine networks are intricately interconnected and regulated, contrib-

uting to the complexity of immune responses.

Clinical management of many autoimmune diseases relies on rather unspecific treatment
options including corticosteroids, immunosuppressives and often also chemotherapeutic
agents (Lemanske and Busse, 2010; Rahman et al., 2024; Reich et al., 2018; L. Wang et
al., 2015). These treatment regimens do not only suffer from modest efficacy but also
come along with serious or life-threating adverse effects which affects compliance and
quality of life of affected patients. Therefore, insight into molecular mechanisms and
identification of disease-specific drug targets amenable for pharmaceutical modulation is
of paramount importance for development of specific and efficient biological therapies
(Pisetsky, 2023). Proteinergic inflammatory signaling molecules have been implicated in
a range of human diseases (Xiang et al., 2023). By means of large-scale observational
studies, particular cytokines have been identified and linked to specific disease conditions
(Damoiseaux et al., 2015; Uricoli et al., 2021). Yet, the mechanistic importance and
causal significance of these findings often remained elusive. For insights into the clinical
consequences of chronically elevated inflammatory mediators I analyzed causal relations
between the genetically proxied circulating cytokine profile and allergic and autoimmune
disease, cardiometabolic disease and cancer conditions in a two-sample MR setting
(Konieczny et al., 2024). In total, I identified 24 potentially causal associations, unsur-
prisingly most of them with autoimmune diseases. My MR findings partially confirm

already established pathogenetic associations with diseases and therapeutic drug targets
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already in clinical application. For example, there is solid evidence linking IL-2ra increas-
ing variants to elevated risk for MS and CD (Ahola-Olli et al., 2017). Aldesleukin, a re-
combinant IL-2 protein approved for the treatment of cancers by the US European regu-
latory agencies, is currently under investigation in a phase-2 clinical trial for CD (Clini-
calTrials.gov ID: NCT04263831) (Allegretti et al., 2023). Also, monoclonal antibodies
targeting IL-1ra, anakinra or canakinumab, represent established treatment algorithms
for inflammatory joint diseases like RA or juvenile arthritis (Bedaiwi et al., 2021; Shaul
et al., 2022). On the other hand, my results implicating serum IL-1ra levels as risk
factor underlying myocardial infarction are in line with previous observational
findings from population based studies but contradict the results from the CANTOS
trial showing effi-cacy of canakinumab in reducing cardiovascular events (Herder et al.,
2017; Ridker et al., 2017). This indicates that despite MR evidence linking circulating
cytokine levels and disease risk, the direction of putative effects must be interpreted
with caution (Schmidt et al., 2020). Complex biological mechanisms like
compensatory feedback loops between receptors and ligands indirectly affect serum
levels of cytokines or disease specific local inflammatory reactions that do not directly
translate into corresponding changes in the circulating cytokine profile have to be
considered when interpreting MR findings (Ahola-Olli et al., 2017; Schmidt et al.,
2020; Zhao et al., 2023b). To further corroborate the robustness of my MR findings
causally linking cytokine levels to disease risk, I used colocalization analyses to test
if the found associations underly shared causal variants (Zuber et al., 2022). Out of the
24 significant MR associations 4 cytokine — disease rela-tions showed colocalization
between cytokine and disease associated variants (Konieczny et al., 2024). These
findings offer genetic backing for potentially promising targeted im-munotherapies
aimed at addressing asthma, CD, and MS. Importantly, my results are strongly

aligned with preclinical, epidemiological, and, in some cases, clinical evidence.

For example, G-CSF, a pro-inflammatory cytokine has been implicated in the pathogen-
esis of asthma (Ouyang et al., 2020; Tsioumpekou et al., 2023). Asthma is a chronic in-
flammatory disease of the airways, characterized by recurring wheezing, coughing,
chest tightness, and shortness of breath due to reversible airflow obstruction, and
easily trig-gered bronchospasms (Lemanske and Busse, 2010). Next to environmental
factors, there is considerable genetic contribution including genes for cytokines and
inflammatory pro-teins underlying asthma (Yawn, 2008). There are different subtypes
of asthma (e.g. atopic asthma including eosinophilic and neutrophilic disease variants)
that characterize the pre-dominant immune mechanism triggering the disease (Crisford
et al, 2021). G-CSF is a pro-inflammatory cytokine involved in neutrophil
differentiation and systemic mobiliza-tion and has been implicated in the pathogenesis
of neutrophilic airway diseases including asthma (Ouyang et al., 2020; Tsioumpekou et
al., 2023). Preclinical studies conducted in asthma models have consistently

demonstrated that blocking upstream inducers or the
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receptor of G-CSF can lead to reductions in circulating cytokine levels, mitigation of air-
way inflammatory responses, and improvements in disease outcomes (Kwak et al., 2022;
Ouyang et al., 2020; H. Wang et al., 2019; Wang et al., 2021). Furthermore, there is evi-
dence suggesting that G-CSF levels in the sputum of asthma patients may serve as a
marker of airway neutrophilic inflammation (Kim et al., 2020). My genetic findings lend
robust support to the notion of targeting G-CSF in the context of asthma, with potential
emphasis on patients exhibiting neutrophilic asthma (Konieczny et al., 2024). Exploring
the upstream genetic regulators for circulating cytokine levels in a TWAS-MR setting [
identified protein phosphatase 1 regulatory subunit 37 (PPP1R37) as G-CSF-increasing
transcript that was also causally associated with reduced asthma risk. PPP1R37 codes for
a regulatory subunit of protein phosphatase 1 (PP1) (“PPP1R37 protein phosphatase 1
regulatory subunit 37 [Homo sapiens (human)],” 2023). There is only limited information
available about the function of PPP1R37 suggesting an inhibitory effect on PP1 phospha-
tase activity. PP1 has an essential role in different physiological processes including gly-
cogen metabolism, cell progression, apoptosis and muscle contraction. PP1 binds and
complexes with various regulatory subunits to define its substrate specificity or inhibit its
own function (Yadav et al., 2017). Prior investigations into related regulatory subunits
have shed light on potential biological mechanisms through which these molecules might
influence immune responses and disease characteristics (Haystead, 2005; Yadav et al.,
2017). For example, myosin protein phosphatase 1 (SMPP1-M) functions as dephosphor-
ylating enzyme without specific substrate preference. Only when SMPP1-M forms a com-
plex with the PPP1IR12A regulatory subunit the phosphatase specifically targets and
dephosphorylates the myosin light chains of smooth muscle cells (Haystead, 2005). In the
bronchial musculature dephosphorylation of the myosin light chain decreases smooth
muscle contraction and thereby attenuates airway hyperresponsiveness which is one hall-
mark of asthma (Goto et al., 2008). Genetic studies have also implicated other protein
phosphatase regulatory subunits as contributing factors to airway diseases (Andiappan et
al., 2016; Freidin and Polonikov, 2013; Kidwai et al., 2023). For instance, genetically
influenced expression of PPP1R3D has been linked to asthma-related traits such as mu-
cosal immunity, cellular metabolism, airway remodeling, and predicted responsiveness
to omalizumab therapy (Kidwai et al., 2023). Although the precise biological mechanism
underlying my discovery remains elusive, it is plausible to speculate that the diverse range
of functions associated with PP1, could be implicated in the observed associations
(Konieczny et al., 2024). These findings highlight the intricate interplay between genetic
factors and immune regulation in the pathogenesis of asthma and underscore the need for
further exploration to elucidate the underlying mechanisms. My MR findings for the
eQTL for PPP1R37 showing a protective effect for asthma were not described so far and
need to be mechanistically validated. Similarly, the found association between the eQTL
for PPP1R37 and circulating G-CSF needs further validation and substantiation.
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My MR findings provided support for a connection between genetically influenced cir-
culating levels of six cytokines and CD. Notably, the associations of higher CXCL9/MIG
levels and lower G-CSF levels with CD were further bolstered by colocalization evidence
(Konieczny et al., 2024). CD is an autoimmune-mediated IBD presenting with pain, di-
arrhea, fever and malabsorption caused by stenosis, inflammation, fistulization or ab-
scesses and affecting any part of the gastrointestinal tract. While the exact cause is cur-
rently not known, T-lymphocytes are believed to be central in the underlying pathophys-
iology (Singh et al., 2007). CXCL9/MIG is a proinflammatory CXC-chemokine and
growth-factor that is released locally upon physical stress or microbial invasion (Lasagni
et al., 2003). Together with the closely related, neighboring CXCL10/IP-10 and
CXCLI11/IP-9 chemokines they all bind CXC-receptor 3 (CXRC3) and form the
CXCL9/MIG — CXCL10/1P-10 — CXCL11/IP-9 — CXCR3 axis that has particular rele-
vance in IBD (Tokunaga et al., 2018). Chemotactic signaling by these cytokines orches-
trate an inflammatory response directed at CXCR3 positive NK cells, innate immune cells
and Thl-cells which then start migrating to the lesion side (Singh et al., 2007). At the
same time, stimulated CXCR3 positive Thl-cells secrete IFN-g and TNF-a which in turn
increase the local release of CXCL9/MIG thus creating a self-amplifying loop which re-
sults in a hyperinflammatory state (Tokunaga et al., 2018). Recent studies suggest that
the CXCL9/MIG — CXCL10/IP-10 — CXCL11/IP-9 — CXCR3 axis might be implicated
in the local immune response at the gastrointestinal mucosa in IBD (Caruso, 2019). For
example, identification of serum proteins for prognostication of CD recurrence revealed
strongest association with circulating CXCL9/MIG levels, thus confirming CXCL9/MIG
as risk factor underlying CD. Interestingly, stratification of the associations according to
anti-TNF therapy revealed that the found association was limited to patients currently
treated with infliximab indicating that the CXCR3 axis is particular important in patients
with treatment refractory inflammation or indicates that treatment of downstream targets,
like for example CXCL9/MIG, might be more efficient (Walshe et al., 2022). Causal ev-
idence for the role of the CXCR3 axis in IBD was provided by a phase II study. Here
blockage of the CXC3 axis by a monoclonal antibody against CXCL10/IP-10 (MDX-
1100) proved to be effective and safe in patients with UC by inducing clinical response,
remission, and mucosal healing in a dose dependent manner (Mayer et al., 2014). In ad-
dition to its pro-inflammatory effects reported above, exogenous administration of G-CSF
has been linked to immunoregulatory effects, such as modulation of T-cell responses
(Martins et al., 2010). Also, G-CSF supports immune homeostasis in organs such as the
gastrointestinal tract that shows constitutively high G-CSF levels (Dejaco et al., 2003). In
preclinical models, G-CSF deficient animals benefit from G-CSF injections and show a
return to physiological neutrophil concentrations (Sainathan et al., 2008). Immunoregu-
latory effects, like downregulation of circulating cytokines, induction of tolerant dendritic
cells and switching from a pro-inflammatory cytokine profile into an anti-inflammatory

profile in T-cells were observed in humans after G-CSF administration (Martins et al.,
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2010). The pathogenesis underlying CD is not well understood but the prevailing etiolog-
ical explanation assumes an excessive inflammatory reaction based on defective interac-
tions between innate and adaptive immune systems. An alternative hypothesis focuses on
a failure of innate humoral mechanisms in the intestinal immune system which exposes
cells of the mucosa to luminal pathogens and resulting in chronic inflammation main-
tained by T-cells (Korzenik and Dieckgraefe, 2000). In accordance with this line of think-
ing G-CSF treatment was administered to augment the innate immune response and mod-
ulate T-cell responses. In 2 open-label studies subcutaneous G-CSF proved efficious by
inducing clinical remission, mucosal healing and normalized cell counts and cytokine
responses together with an acceptable safety profile (Dejaco et al., 2003; Korzenik and
Dieckgraefe, 2005). By integrating my findings that associate CD with circulating levels
of CXCL9/MIG, I uncovered the genetically influenced expression of TRAFD1 as a po-
tential upstream causal regulator of CXCL9/MIG levels and, consequently, the risk of CD
(Huang et al., 2023; Liu et al., 2023; Walshe et al., 2022). TRAFDI is an adaptor protein
that is bound to the intracellular domain of TNF receptors expressed on innate and adap-
tive immune cells and modulates downstream signaling influencing pro-inflammatory cy-
tokine production and inflammatory responses (Lalani et al., 2018; Park, 2021). Moreo-
ver, there is evidence for an expanded influence of TRAFDI1 on the inflammatory re-
sponse by binding to TLR and NLR receptors and interacting with TRAFD2 for augmen-
tation of the immune response (Edilova et al., 2018). Involvement of TRAFD1 in IBD
was studied in colon biopsies of coeliac disease patients and showed TRAFD1-dependent
upregulation of IFN-g signaling via CXCL10/IP-10 (Van Der Graaf et al., 2021). Subse-
quently, cytotoxic T-cells become activated and destroy the integrity of the mucosal bar-
rier, one hallmark of coeliac disease. Altogether, the authors concluded using a combina-
tion of genomic, in-silico and in-vitro approaches that TRAFDI1 is a master regulator of
genes involved in IFN-g signaling and T-cell activation (Van Der Graafet al., 2021). Due
to the importance of TNF-a in the disease pathology and as drug target in treatment ap-
proaches the involvement of TRAFD1 and TRAFD2 was explored in patients with CD
and UC (Andersen et al., 2015; Qiao et al., 2013). Both TRAF domains were significantly
upregulated in the mucosa from IBD patients compared to control and also higher in cur-
rently inflamed lesions of the colon compared to healthy colon biopsies. Furthermore, in
ROC analyses serum levels of TRAF’s discriminated both IBD groups from controls,
where TRAFDI1 showed superiority over TRAFD2 in both patient groups for sensitivity
and specificity parameters (Qiao et al., 2013). Back then, the authors concluded that the
observed increase of TRAF levels and expression profile in mucosal lesions might con-
stitute an early event in the pathogenesis of IBD. More recent insights showing that
TRAFDI stimulates survival of T-cells increases the relevance of their findings and indi-
cates that TRAFDI1 is not only important in initiation of lesions but also a key factor in
maintenance of the disease (Edilova et al., 2018). In the TWAS-MR analyses, mRNA of
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the TRAFD1 gene was causally related to increased risk for CD and an increase in circu-
lating CXCL9/MIG levels (Konieczny et al., 2024). Also, I have shown earlier that the
transcriptional variant for TRAFDI increases circulating serum levels for CXCL10/IP-
10, CCL7/MCP-3, CXCL9/MIG and TNF-b. Together my results confirmed contempo-
rary findings for the importance of TRAFD1 in the pathology of IBD and as modulator
of inflammatory reactions through effects on cytokine levels, providing causal evidence
for TRAFDI as potential drug target. Research on pharmacological targeting of TRAF’s
identified specific binding pockets that enable protein-protein interactions (PPI) between
TRAF domains and receptors which provide sufficient specificity and experimentally in-
hibited the downstream cellular signal (Park, 2021). TRAFD6 was tested in a preclinical
model of RA. Using a small interfering RNA to inhibit binding between TRAFD6 and
CDA40 successfully reduced the severity of arthritis and inflammation (H. Wang et al.,
2015). In pre-clinical studies, Atrosab has been used to inhibit binding of TNF-a and
TNF-b to the pro-inflammatory TNF-R1 showing lowered immune cell infiltration and
amelioration of disease severity (Williams et al., 2018). Interestingly, the mechanism of
action induces conformational changes to the binding pockets of TNF-R1 which makes
binding of TRAF domains impossible and precludes downstream signaling (Richter et
al., 2013). These collective findings underscore the significance of TRAFD1 in the pa-
thology of CD and reinforce the potential therapeutic relevance of targeting TRAFDI in
CD.

Lastly, my analysis also unveiled an intriguing inverse association between genetically
influenced circulating levels of TNF-b and the risk of MS (Konieczny et al., 2024). MS
is an autoimmune-mediated central nervous system (CNS) disease defined by partially or
fully reversible episodes of neurological disability including opticus neuritis and myelitis
and corresponding focal white matter lesions visible on MRI (Reich et al., 2018). The
pathogenesis of CNS lesions involves a complex interaction between cells of the innate
and adaptive immune system, glial cells and neurons. TNF-b is a soluble cytokine from
the TNF superfamily and shares 50% homology to the more prominent TNF-a which
exists in soluble and membrane bound configurations (Smookler et al., 2006). TNF-b is
released by CD4 and CDS8 T cells, B cells, and other cells from the lymphoid lineage, and
is a ligand for the pro-inflammatory TNF-R1 and the anti-inflammatory TNF-R2 (Ruddle,
2014). TNF-b has been evaluated as biomarker in multiple studies and showed promising
results associating with clinical remission following dimethyl fumarate (DMF) and na-
talizumab treatment (Hojjati et al., 2023). These and other studies collected samples from
peripheral blood and CSF and uniformly reported an inverse relation between serum lev-
els and CSF levels of TNF-b in line with my results (Akesson et al., 2023; Hojjati et al.,
2023; Huang et al., 2020; Romme Christensen et al., 2012). In a randomized phase 2 trial,

the TNF inhibitor lenercept was investigated for its safety and efficacy in MS. However,
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the trial had to be terminated prematurely due to a dose-dependent increase in the fre-
quency and severity of MS exacerbations observed during the interim analysis (The Le-
nercept Multiple Sclerosis Study Group and The University of British Columbia MS/MRI
Analysis Group, 2011). Unlike other TNF blockers such as infliximab, adalimumab, and
golimumab, lenercept offers equal inhibitory efficacy for both TNF-a and TNF-b (Mi-
toma et al., 2018; Ruddle, 2014). While TNF inhibition has shown efficacy in treating
autoimmune diseases like RA or psoriasis, patients receiving anti-TNF therapy for these
conditions are at risk of developing demyelinating CNS lesions, suggesting a disease-
specific effect (Ding et al., 2016; Li et al., 2023). Supporting these clinical observations,
GWAS in MS have identified alleles associated with lower levels of both TNF-a and
TNF-b, correlating with a higher risk for MS (Gregory et al., 2012; Zhao et al., 2023b).
My findings provide additional genetic evidence in line with observational, clinical, and
GWAS data, suggesting a potentially protective role of TNF-b in MS pathogenesis
(Konieczny et al., 2024). These results underscore the complexity of cytokine-mediated
immune responses in MS and highlight the need for further research to elucidate the un-
derlying mechanisms. Next, I showed in the TWAS-MR setting that TRAFD]1 is a tran-
scriptional determinant underlying increased serum TNF-b levels as well as elevated risk
for MS. As described above TRAFDI is an important immune mediator (Edilova et al.,
2018; Lalani et al., 2018; Park, 2021). Currently, there is no evidence linking the
TRAFDI1 protein to multiple sclerosis, only 2 genetic studies showing associations of

unknown functional relevance (Hecker et al., 2022; Smits et al., 2023).

My study has several limitations that warrants careful consideration. Firstly, in aggregat-
ing my GWAS dataset I pooled data across 3 cohorts, each employing distinct affinity-
based assay methods to quantify circulating cytokines. The use of different assay tech-
nologies can introduce significant variability in protein measurements (Eldjarn et al.,
2023). Notably, my analysis revealed a higher replication rate for signals detected using
the Olink assay. This finding aligns with previous cross-assay comparisons between
Olink and SomaScan assays, which have shown significant differences in the proportion
of detected pQTLs. Specifically, Olink-based assays tend to demonstrate higher detection
rates for pQTLs compared to SomaScan (Eldjarn et al., 2023). These differences suggest
that the Olink platform may have superior sensitivity or specificity in certain contexts,
which could influence its utility and effectiveness in proteomic studies. To better under-
stand these assay discrepancies, further exploration across larger cohorts is necessary.
Expanding the investigation to include more diverse and extensive datasets will allow for
a more comprehensive assessment of the feasibility and accuracy of integrating genetic
explorations across studies that utilize different proteomic platforms. This broader anal-
ysis will help identify the strengths and limitations of each assay method, facilitating more

informed decisions on their application in various research contexts. Ultimately, such ef-
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forts will enhance the robustness and reproducibility of proteomic data in genetic re-
search, ensuring that findings are consistent and reliable across different studies and assay
technologies. This will also contribute to the development of standardized protocols and
best practices for proteomic analyses, fostering greater collaboration and data sharing
within the scientific community. Secondly, discrepancies in reporting effect sizes for ge-
netic variants across the GWAS source data constrained my ability to perform more de-
tailed analyses. Specifically, these inconsistencies made it impossible for me to calculate
p-value-based analyses rather than more comprehensive effect size-based analyses. This
constraint necessitated the indirect estimation of pooled effect sizes based on derived p-
values and variant allele frequencies. Such estimations are inherently less precise than
direct effect size reporting, potentially introducing inaccuracies that could significantly
impact downstream analyses reliant on these effect sizes. Future studies should prioritize
direct effect size measurements to improve the quality and reliability of genetic research
outcomes. Thirdly, my analyses were limited to a selection of 40 cytokines due to the
constraints of data availability. This limited scope restricts the breadth of my findings and
may overlook important cytokines involved in inflammatory processes. Future studies
utilizing high-throughput proteomic technologies could expand the range of investigated
proteins to include a more extensive array of inflammatory markers. Such an approach
would allow for a more comprehensive analysis, potentially uncovering additional in-
sights into the complex network of cytokines and their roles in inflammation and disease.
Fourthly, my study population comprised individuals of European, Finnish, and Icelandic
ancestry, which may limit the generalizability of my findings to populations with different
ancestral backgrounds. Genetic and proteomic variations can differ significantly across
diverse populations, and the associations I identified may not be applicable to other
groups. To improve the applicability and relevance of my results, future research should
include more diverse cohorts representing a broader range of ancestries. This would help
to ensure that findings are more universally applicable and can provide insights into ge-
netic and proteomic influences across different populations, thereby enhancing the overall
robustness and inclusivity of genetic research. Fifthly, due to the large number of cyto-
kines analyzed, I adjusted the significance level to account for multiple testing. This strin-
gent correction likely reduced the likelihood of type I errors but may have also led to the
omission of potentially important findings that did not meet the adjusted significance
threshold. Future studies employing a hypothesis-driven approach could revisit my results
to identify additional targets that may have been missed in my analysis. By focusing on
specific cytokines or pathways of interest, these studies can explore associations that may
not have reached significance in my broader analysis, potentially uncovering novel in-
sights and enhancing our understanding of cytokine-related genetic influences. Sixthly,
my GWAS analysis was conducted on population-based cohorts without a predominant
presence of inflammatory diseases. While this approach offers valuable insights into ge-

netic influences on cytokine levels in general populations, it may not fully capture the
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nuanced effects of genetic variants in specific inflammatory contexts. For example, ge-
netic variants may exert greater influence on cytokine levels during responses to infec-
tions or other pro-inflammatory stimuli, which were not explicitly addressed in my anal-
ysis. Future studies focusing on cohorts with defined inflammatory conditions or incor-
porating experimental models of inflammation could provide a more comprehensive un-
derstanding of the genetic determinants of cytokine regulation in disease-relevant con-
texts. By exploring these specific scenarios, researchers can elucidate the role of genetic
variants in modulating cytokine responses under different physiological conditions, thus
contributing to a more nuanced understanding of cytokine biology and its implications
for health and disease. Overall, my study offers valuable insights into the genetic archi-
tecture of circulating cytokines. However, it is important to interpret my findings cau-
tiously in light of the identified limitations. These limitations, including variations in as-
say methodologies, constraints on data availability, and the specific characteristics of my
study population, underscore the need for careful consideration when extrapolating con-
clusions. Moreover, they highlight promising avenues for future research to overcome
these challenges and build upon my findings. By addressing these limitations head-on and
leveraging advancements in technology and methodology, future studies can further elu-
cidate the complex interplay between genetics and cytokine regulation, ultimately ad-
vancing our understanding of inflammatory processes and their implications for health

and disease.
Conclusion

In summary, by analyzing data from a large-scale cohort of 74,783 individuals, I identi-
fied 169 genomic loci that influence circulating cytokine levels. Notably, many of these
loci had not been previously associated with cytokine regulation, highlighting novel ge-
netic factors that may play critical roles in immune function and inflammation. Through
subsequent analyses, I conducted an in-depth examination of the identified signals, re-
vealing intricate pathways that underlie immune responses. This detailed exploration pro-
vided new insights into the molecular mechanisms and regulatory networks that govern
cytokine activity and immune function. By combining my findings with genetic data on
human disease susceptibility, I provided genetic support for potential therapeutic targets
for immune-related disorders such as asthma, Crohn’s disease, and multiple sclerosis.
Specifically, I highlighted G-CSF, CXCL9/MIG, and TNF-b as promising candidates.
These targets warrant prioritization for further investigation in clinical trials to assess their
efficacy and potential in treating these conditions. The comprehensive summary statistics
generated from my study serve as a valuable resource for future genomics studies. This
dataset supports the advancement of precision medicine by enabling deeper insights into
the genetic underpinnings of disease and the development of targeted therapeutic inter-

ventions.
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Table A.1. GWAS results. Results showing 359 significant associations between circulating cytokine levels and variants in 169 independent loci, including 150 trans-acting and

19 cis-acting loci.

SNP Allelel  Allele2 Zscore P-value Direction HetISq HetPVal EAF  Beta SE Chromosome Position Cytokine Locus lif;‘; lizi:ce: acting
152179071 t c -5,67 1,5E-08 13,40 3,15E-01 041 -0,04 0,01 6 22114325 bNGF 6p22.3 0,06% trans
1$35099140 a t 5,72 1,1E-08 -+ 87,20 5,16E-03 0,23 0,05 0,01 14 106952318 bNGF 14q32.33 0,08% trans
151329424 t g 5,70 1,2E-08 ++ 62,40 1,03E-01 0,40 0,04 0,01 1 196646176 CTACK 1q31.3 0,08% trans
187550207 t c -6,19 6,0E-10 - 82,50 1,67E-02 0,26 -0,05 0,01 1 159174885 Eotaxin 1q23.2 0,09% trans
rs116758863 t g -5,64 1,7E-08 -- 74,40 4,79E-02 0,02 -0,13 0,02 3 39250894 Eotaxin 3p22.2 0,07% trans
1s77012232 c g 5,92 3,2E-09 ++ 51,50 1,51E-01 0,02 0,14 0,02 3 41067877 Eotaxin 3p22.1 0,08% trans
15704903 t c -10,07 7,8E-24 - 77,90 3,35E-02 0,25 -0,08 0,01 3 43070847 Eotaxin 3p22.1 0,23% trans
rs11920996 t c 9,63 5,8E-22 ++ 94,10 3,73E-05 0,02 0,22 0,02 3 42542761 Eotaxin 3p22.1 0,21% trans
rs73087348 t c 8,44 3,2E-17 ++ 0,00 497E-01 0,24 0,07 0,01 3 42811571 Eotaxin 3p22.1 0,16% trans
1s9810934 a g 12,57 3,2E-36 ++ 85,90 7,80E-03 0,29 0,09 0,01 3 45954352 Eotaxin 3p21.31 0,36% trans
rs78961792 a g -5,56 2,7E-08 -- 47,20 1,69E-01 0,10 -0,06 0,01 3 66401761 Eotaxin 3pl4.1 0,07% trans
17783786 a g -5,86 4,7E-09 -- 0,00 3,56E-01 0,42 -0,04 0,01 7 75429731 Eotaxin 7q11.23 0,08% trans
15140921648 a c 5,69 1,3E-08 ++ 76,20 4,02E-02 0,04 0,10 0,02 7 75202900 Eotaxin 7q11.23 0,07% trans
1826725 a g -6,55 5,7E-11 - 0,00 7,77E-01 0,47 -0,04 0,01 8 59733378 Eotaxin 8ql2.1 0,10% trans
511646780 a t -5,46 4,9E-08 - 0,00 4,17E-01 0,41 -0,04 0,01 16 80022802 Eotaxin 16q23.2 0,07% trans
rs10491109 t g 6,51 7,5E-11 ++ 0,00 9,34E-01 0,10 0,07 0,01 17 32549026 Eotaxin 17q12 0,10% trans
15763781 t c -5,83 5,7E-09 - 86,80 5,87E-03  0,2535 -0,05 0,01 17 32488890 Eotaxin 17q12 n/a cis
rs10402455 a g -5,52 3,3E-08 - 37,40 2,06E-01 0,12 -0,06 0,01 19 37728707 Eotaxin 19q13.12 0,07% trans
rs1671209 c g -5,65 1,6E-08 - 0,00 6,29E-01 0,26 -0,04 0,01 19 55551002 Eotaxin 19q13.42 0,07% trans
1s12239179 t c 5,59 2,2E-08 ++ 44,30 1,80E-01 0,25 0,04 0,01 1 198976492 FGF-b 1q32.1 0,07% trans
rs1344142 t c -5,60 2,2E-08 -- 61,00 1,09E-01 0,43 -0,04 0,01 3 56857433 FGF-b 3pl4.3 0,07% trans
157441142 t c 6,42 1,4E-10 ++ 5,30 3,04E-01 043 0,04 0,01 4 120008227 FGF-b 4q26 0,10% trans
15139369025 a g 6,09 1,1E-09 ++ 0,00 9,22E-01 0,02 0,15 0,02 4 119298328 FGF-b 4q26 0,09% trans
1576665547 t c -25,28 4,8E-141 - 99,30 5,62E-31  0,9314 -0,29 0,01 4 123697294 FGF-b 4q27 n/a cis
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15141091752 c g 7,51 5,8E-14 -+ 95,80 1,02E-06 0,02 0,17 0,02 4 122898197 FGF-b 4q27 0,13% trans
rs141635731 t g 6,62 3,7E-11 ++ 63,80 9,64E-02 0,03 0,13 0,02 4 123439970 FGF-b 4q27 0,10% trans
1s937355 a g 6,60 4,1E-11 -+ 96,20 3,28E-07 0,31 0,05 0,01 4 121570292 FGF-b 4q27 0,10% trans
156857701 t c -5,78 7,5E-09 +- 87,40 491E-03 0,14 -0,06 0,01 4 122315742 FGF-b 4q27 0,08% trans
1578836533 a g 5,66 1,5E-08 -+ 95,20 5,40E-06 0,05 0,09 0,02 4 121168969 FGF-b 4q27 0,07% trans
15115049760 a g -5,53 3,2E-08 +- 96,20 2,86E-07 0,03 -0,11 0,02 4 124302061 FGF-b 4q28.1 0,07% trans
1rs60093606 t g 9,06 1,3E-19 -+ 95,10 597E-06 0,29 0,07 0,01 4 127266290 FGF-b 4q28.1 0,19% trans
1s56147474 a g 5,84 5,2E-09 ++ 78,10 3,24E-02 0,11 0,06 0,01 3 165798383 G-CSF 3g26.1 0,08% trans
1s694664 c g -5,56 2,8E-08 - 57,30 1,26E-01 0,44 -0,04 0,01 3 165330411 G-CSF 3q26.1 0,07% trans
1534939346 t c -5,93 3,0E-09 - 86,90 5,70E-03 0,20 -0,05 0,01 19 40421612 G-CSF 19q13.2 0,08% trans
rs11880654 t c -6,64 3,1E-11 +- 95,40 3,48E-06 0,08 -0,08 0,01 19 45745857 G-CSF 19q13.32 0,10% trans
rs11668536 t c -6,59 4,3E-11 +- 96,60 6,65E-08 0,25 -0,05 0,01 19 45328476 G-CSF 19q13.32 0,10% trans
5117372248 a g 5,68 1,3E-08 ++ 86,20 7,13E-03 0,14 0,05 0,01 19 43361820 G-CSF 19q13.2 0,07% trans
17252448 t c -5,63 1,8E-08 - 71,10 6,27E-02 0,31 -0,04 0,01 19 46142053 G-CSF 19q13.32 0,07% trans
rs16979231 t c -5,54 3,1E-08 - 72,80 5,51E-02 0,21 -0,05 0,01 19 45042765 G-CSF 19q13.31 0,07% trans
1579924756 a g 5,46 4,6E-08 -+ 85,90 7,78E-03 0,22 0,05 0,01 19 44321973 G-CSF 19q13.31 0,07% trans
12249581 t c -5,70 1,2E-08 - 96,60 1,30E-13 0,25 -0,04 0,01 1 159144581 GROa 1q23.2 0,06% trans
15784492 t g 5,52 3,3E-08 -+t 50,80 1,31E-01 0,21 0,04 0,01 3 39175576 GROa 3p22.2 0,05% trans
rs192031641 c g -5,55 2,9E-08 -+- 81,20 4,84E-03 0,03 -0,10 0,02 4 64401593 GROa 4ql13.1 0,06% trans
114296817 a c 6,69 2,3E-11 M+ 89,20 2,36E-03 0,01 0,21 0,03 4 68310149 GROa 4ql3.2 0,09% trans
157619473 a c -6,10 1,1E-09 ?-- 93,60 8,23E-05 0,04 -0,09 0,02 4 69180867 GROa 4ql3.2 0,07% trans
152367442 a g 32,53 3,8E-232 +++ 97,10 1,24E-15  0,2187 0,24 0,01 4 74816843 GROa 4ql3.3 n/a cis
1528624853 a g -8,09 5,9E-16 ?-- 95,90 7,90E-07 0,03 -0,15 0,02 4 72138143 GROa 4ql3.3 0,13% trans
rs10019504 a g 7,61 2,8E-14 7+ 94,60 1,55E-05 0,03 0,15 0,02 4 71486305 GROa 4ql3.3 0,12% trans
15115275434 t c -7,26 4,0E-13 +-- 81,90 4,00E-03 0,02 -0,16 0,02 4 71719779 GROa 4ql3.3 0,10% trans
rs114536173 a t 7,03 2,0E-12 ++ 93,90 5,12E-05 0,03 0,13 0,02 4 71538474 GROa 4ql3.3 0,10% trans
1rs56042607 a g 6,81 1,0E-11 -+ 97,10 4,04E-09 0,04 0,11 0,02 4 73005872 GROa 4q13.3 0,09% trans
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15146702741 t c 6,26 3,9E-10 A+ 91,60 6,87E-06 0,01 0,17 0,03 4 72484429 GROa 4ql3.3 0,07% trans
1s377499720 a g -5,92 3,1E-09 ?-- 65,00 9,12E-02 0,02 -0,13 0,02 4 75137124 GROa 4ql3.3 0,08% trans
1141391108 a g 5,77 7,8E-09 +++ 54,70 1,10E-01 0,02 0,13 0,02 4 73716661 GROa 4ql3.3 0,06% trans
rs78898749 t c 5,52 3,4E-08 -+ 91,60 6,64E-06 0,01 0,18 0,03 4 70831665 GROa 4ql3.3 0,06% trans
15192437265 t c 5,86 4,8E-09 -+ 91,60 6,67E-06 0,03 0,10 0,02 4 76875335 GROa 4q21.1 0,06% trans
rs10995445 a t -8,61 7,6E-18 64,40 6,02E-02 0,50 -0,05 0,01 10 64874754 GROa 10921.3 0,13% trans
rs11895352 t c -5,46 4,9E-08 44,10 1,67E-01 0,44 -0,03 0,01 2 20367135 HGF 2p24.1 0,05% trans
1s362307 t c 5,81 6,2E-09 ++2? 54,20 1,40E-01 0,09 0,09 0,02 4 3241845 HGF 4pl6.3 0,14% trans
rs1793892 t c -5,55 2,9E-08 ?-- 0,00 5,03E-01 0,09 -0,06 0,01 6 31221351 HGF 6p21.33 0,06% trans
rs17155615 a g -8,46 2,8E-17 --? 0,00 3,57E-01  0,0746 -0,12 0,01 7 81515706 HGF 7q21.11 n/a cis
rs4732401 t c -8,05 8,2E-16 --- 0,00 3,71E-01 0,15 -0,06 0,01 7 81322168 HGF 7q21.11 0,11% trans
1s5745692 c g -5,49 4,0E-08 80,20 6,33E-03 0,05 -0,08 0,01 7 81358266 HGF 7q21.11 0,05% trans
1534826779 t g -6,01 1,8E-09 47,80 1,47E-01 0,22 -0,04 0,01 8 106570964 HGF 8q23.1 0,06% trans
15149467613 a g 7,26 4,0E-13 +++ 81,10 5,07E-03 0,06 0,09 0,01 11 72943483 HGF 11q13.4 0,09% trans
157310615 c g 6,49 8,3E-11 ++ 0,00 7,99E-01 0,38 0,04 0,01 12 111865049 HGF 12q24.12 0,07% trans
rs1421085 t c -5,50 3,8E-08 0,00 9,05E-01 041 -0,03 0,01 16 53800954 HGF 16q12.2 0,05% trans
159898547 t g -5,82 5,8E-09 41,00 1,84E-01 0,45 -0,03 0,01 17 38136026 HGF 17q21.1 0,06% trans
1s12127759 t c -7,60 2,9E-14 -- 83,20 1,48E-02 0,14 -0,07 0,01 1 196648613 IFN-g 1q31.3 0,13% trans
rs71631848 a g 6,81 9,7E-12 ++ 85,20 9,43E-03 0,23 0,06 0,01 1 196186335 IFN-g 1q31.3 0,11% trans
rs116224050 a g 6,38 1,8E-10 -+ 89,60 1,95E-03 0,03 0,14 0,02 1 196918145 IFN-g 1q31.3 0,09% trans
1rs3106442 t c -5,46 4,9E-08 - 54,70 1,38E-01 0,46 -0,04 0,01 3 165363821 IFN-g 3q26.1 0,07% trans
151042663 a g 8,71 3,1E-18 ++ 93,00 1,63E-04 0,09 0,10 0,01 6 31905130 IFN-g 6p21.33 0,18% trans
4713470 t c -5,48 4,3E-08 - 0,00 9,16E-01 0,33 -0,04 0,01 6 31472821 IFN-g 6p21.33 0,07% trans
rs1329424 t g 6,41 1,5E-10 -+ 90,50 1,20E-03 0,40 0,04 0,01 1 196646176 IL-10 1q31.3 0,10% trans
157739450 a g -8,58 9,7E-18 - 99,40 8,28E-37 047 -0,06 0,01 6 43911598 IL-10 6p21.1 0,17% trans
rs12127759 t c -6,83 8,3E-12 +- 90,70 1,03E-03 0,14 -0,07 0,01 1 196648613 IL-13 1q31.3 0,12% trans
rs71631848 a g 6,63 3,4E-11 ++ 0,00 7,51E-01 0,23 0,06 0,01 1 196186335 IL-13 1q31.3 0,11% trans
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134388368 t g -5,51 3,6E-08 0,00 6,40E-01 0,24 -0,04 0,01 1 196635470 IL-16 1q31.3 0,05% trans
15743862 t c -5,86 4,7E-09 +-- 25,90 2,59E-01 0,35 -0,04 0,01 6 32381939 IL-16 6p21.32 0,07% trans
1572851055 c g 5,74 9,7E-09 P+ 78,20 3,21E-02 0,34 0,04 0,01 6 32502814 IL-16 6p21.32 0,07% trans
rs79473108 t c -5,61 2,0E-08 0,00 7,42E-01 0,15 -0,05 0,01 9 95857081 IL-16 9q22.31 0,06% trans
157167790 t c 5,55 2,9E-08 ++ 0,00 443E-01 0,24 0,04 0,01 15 70345281 IL-16 15923 0,05% trans
rs11072257 t c 5,45 5,0E-08 -+t 65,50 5,52E-02 0,08 0,06 0,01 15 71463600 IL-16 15923 0,05% trans
12708524 t c -5,86 4,6E-09 35,50 2,12E-01 0,43 -0,03 0,01 15 78528538 IL-16 15q25.1 0,06% trans
1517211644 t c 5,48 4,2E-08 +-+ 90,90 1,70E-05 0,14 0,05 0,01 15 80116362 IL-16 15q25.1 0,05% trans
rs3848180 t g 33,78 4,3E-250 +++ 84,50 1,60E-03  0,4503 0,20 0,01 15 81596590 IL-16 15q25.1 n/a cis
1s71404763 a c 17,78 1,0E-70 +++ 89,10 1,06E-04 0,05 0,25 0,01 15 81439371 IL-16 15g25.1 0,57% trans
1572744124 c g -5,98 2,3E-09 0,00 9,00E-01 0,03 -0,11 0,02 15 81467345 IL-16 15q25.1 0,07% trans
rs138561568 a c 5,94 2,9E-09 M+ 84,90 9,98E-03 0,01 0,20 0,03 15 81806029 IL-16 15q25.2 0,07% trans
15139576939 c g -14,32 1,7E-46 +-- 97,20 1,61E-16 0,05 -0,20 0,01 15 83393723 IL-16 15q25.2 0,38% trans
1575156308 a g 6,37 1,9E-10 +++ 85,30 1,09E-03 0,05 0,09 0,01 15 86174098 IL-16 15q925.3 0,07% trans
1562143194 c g -8,69 3,7E-18 --? 92,10 3,80E-04 0,25 -0,10 0,01 19 54319624 IL-16 19q13.42 0,35% trans
151329424 t g 5,97 2,3E-09 -+ 88,30 3,41E-03 0,40 0,04 0,01 1 196646176 IL-17 1q31.3 0,08% trans
rs17011356 a g -7,12 1,1E-12 --? n/a n/a 0,65 -0,07 0,01 2 31588577 IL-18 2p23.1 0,23% trans
15149705626 a g 5,56 2,7E-08 ++? na na 0,99 0,28 0,05 2 31905273 IL-18 2p23.1 0,18% trans
1572927001 t c -5,45 4,9E-08 --? n/a n/a 0,70 -0,06 0,01 2 203530332 IL-18 2q33.2 0,13% trans
1575084521 a g 5,65 1,6E-08 ++? na na 0,07 0,11 0,02 5 68100579 IL-18 5q13.1 0,16% trans
15149612950 a g 5,62 2,0E-08 ++? n/a n/a 0,97 0,18 0,03 5 68166499 IL-18 5q13.1 0,17% trans
1s35257100 t c -5,53 3,3E-08 --? na na 0,22 -0,06 0,01 7 26135404 IL-18 Tpl5.2 0,13% trans
rs1487888 t c 5,88 4,2E-09 ++? n/a n/a 0,18 0,08 0,01 8 144562603 IL-18 8q24.3 0,18% trans
rs1852138 a g 7,63 2,4E-14 ++- na na 0,4145 0,05 0,01 11 112201569 IL-18 11g23.1 n/a cis
1516286 t g 5,72 1,1E-08 ++? n/a n/a 0,83 0,07 0,01 11 104894171 IL-18 11922.3 0,14% trans
rs3184504 t c 5,55 2,9E-08 ++? na na 0,46 0,06 0,01 12 111884608 IL-18 12q24.12 0,15% trans
154419163 a t -6,88 5,9E-12 +-? n/a n/a 0,21 -0,08 0,01 19 54327568 IL-18 19q13.42 0,22% trans
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13859501 a c 591 3,4E-09 —+? n/a n/a 0,49 0,06 0,01 19 54291411 IL-18 19q13.42 0,19% trans
1s56836833 a t 5,48 4,4E-08 ++ 58,80 1,19E-01 0,01 0,17 0,03 2 1157438 IL-1B 2p25.3 0,08% trans
1577246730 t c -18,03 1,1E-72 +- 97,40 6,36E-10 0,01 -0,55 0,03 2 3642756 IL-1B 2p25.3 0,83% trans
rs143732640 t c 9,19 3,9E-20 ++ 70,80 6,42E-02 0,03 0,21 0,02 2 3353632 IL-1B 2p25.3 0,22% trans
1575564661 a g -6,68 2,5E-11 +- 94,80 1,26E-05 0,04 -0,12 0,02 2 3032487 IL-1B 2p25.3 0,12% trans
rs4352245 a g 5,73 1,0E-08 ++ 39,80 1,97E-01 0,01 0,24 0,04 2 3614546 IL-1B 2p25.3 0,08% trans
1579668485 a g 5,62 1,9E-08 ++ 0,00 7,83E-01 0,01 0,26 0,05 2 2743107 IL-1B 2p25.3 0,08% trans
15698092 a g 5,48 4,3E-08 ++ 0,00 4,23E-01 0,37 0,04 0,01 3 186969634 IL-1B 3g27.3 0,08% trans
1s16997771 t c -6,24 4,5E-10 +- 92,30 3,13E-04 0,03 -0,13 0,02 19 10148713 IL-1B 19p13.2 0,10% trans
156743171 c g -26,21 2,0E-151 +-- 97,10 1,46E-15  0,3966 -0,15 0,01 2 113840058 IL-1ra 2ql13 n/a cis
rs28877112 t c 5,69 1,3E-08 M+ 0,00 5,26E-01 0,20 0,05 0,01 2 114233086 IL-1ra 2q13 0,07% trans
rs10169524 a g -5,57 2,6E-08 +-- 81,70 4,29E-03 0,27 -0,04 0,01 2 113528872 IL-1ra 2ql13 0,05% trans
1574439530 t g 5,48 4,3E-08 +++ 46,00 1,57E-01 0,10 0,06 0,01 2 113360594 IL-1ra 2ql13 0,05% trans
137310615 c g 6,17 6,8E-10 +++ 0,00 8,31E-01 0,38 0,04 0,01 12 111865049 IL-1ra 12q24.12 0,07% trans
1s9937053 a g 5,52 3,4E-08 +++ 58,70 8,88E-02 0,44 0,03 0,01 16 53799507 IL-1ra 16q12.2 0,05% trans
1s7221894 t c -5,47 4,5E-08 -? 66,20 8,55E-02 0,37 -0,06 0,01 17 38165485 IL-1ra 17q21.1 0,14% trans
1562143194 c g -15,68 2,0E-55 --? 97,20 2,35E-09 0,25 -0,17 0,01 19 54319624 IL-1ra 19q13.42 1,11% trans
154665972 t c 8,00 1,2E-15 ++ 72,80 5,51E-02 0,34 0,06 0,01 2 27598097 IL-2 2p23.3 0,16% trans
rs12331618 a g -6,66 2,7E-11 - 0,00 536E-01 0,49 -0,05 0,01 4 187139939 IL-2 4q35.2 0,11% trans
154976691 c g -6,02 1,8E-09 - 0,00 6,80E-01 0,40 -0,04 0,01 5 176827815 IL-2 5935.3 0,09% trans
rs28383314 t c -5,63 1,8E-08 - 25,00 2,48E-01 0,36 -0,04 0,01 6 32587213 IL-2 6p21.32 0,08% trans
1s799169 a g 5,78 7,4E-09 ++ 60,50 1,11E-01 0,38 0,04 0,01 7 73050599 IL-2 7q11.23 0,09% trans
152239804 t c -5,83 5,5E-09 - 0,00 4,19E-01 0,33 -0,04 0,01 6 32411523 IL-2ra 6p21.32 0,09% trans
1s56022334 a g -1,73 1,1E-14 - 95,20 522E-06 0,335 -0,06 0,01 10 6127641 IL-2ra 10pl15.1 n/a cis
151329424 t g 8,00 1,3E-15 -+ 96,00 5,49E-07 0,40 0,06 0,01 1 196646176 IL-4 1q31.3 0,15% trans
rs453821 t c 5,57 2,6E-08 ++ 30,40 2,31E-01 0,14 0,06 0,01 6 31935311 IL-4 6p21.33 0,07% trans
rs7194068 t g -5,69 1,3E-08 - 72,60 5,63E-02 0,43 -0,04 0,01 16 17576804 IL-4 16p12.3 0,07% trans
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151329424 t g 7,10 1,2E-12 ++ 56,80 1,28E-01 0,40 0,05 0,01 1 196646176 IL-5 1q31.3 0,13% trans
rs11265611 a g 6,70 2,0E-11 +++ 95,30 5,36E-10 0,34 0,04 0,01 1 154395125 IL-6 1921.3 0,08% trans
159267951 t c 5,47 4,6E-08 P+ 61,30 1,08E-01 0,32 0,04 0,01 6 32212655 IL-6 6p21.32 0,06% trans
rs1329424 t g 7,68 1,6E-14 ++ 49,00 1,61E-01 0,40 0,06 0,01 1 196646176 IL-7 1q31.3 0,15% trans
1534826779 t g -5,47 4,4E-08 - 0,00 7,42E-01 0,22 -0,05 0,01 8 106570964 IL-7 8q23.1 0,08% trans
1512075 a g 10,01 1,3E-23 +++ 76,10 1,53E-02 042 0,06 0,01 1 159175354 IL-8 1q23.2 0,18% trans
rs12127759 t c -5,96 2,5E-09 —+- 88,50 1,73E-04 0,14 -0,05 0,01 1 196648613 IL-8 1q31.3 0,06% trans
1561820876 t g -5,85 5,0E-09 --- 82,50 3,33E-03 0,28 -0,04 0,01 1 196209945 IL-8 1q31.3 0,07% trans
1s942053 t c 5,84 5,2E-09 +++ 78,70 9,22E-03 0,04 0,09 0,02 4 74530753 IL-8 4ql13.3 0,07% trans
19277379 a c -5,58 2,5E-08 ?-- 48,70 1,63E-01 0,18 -0,04 0,01 6 33050325 IL-8 6p21.32 0,06% trans
rs41285751 t g 5,49 4,1E-08 M+ 80,10 2,49E-02 0,08 0,07 0,01 6 31899815 IL-8 6p21.33 0,07% trans
156993770 a t 5,68 1,4E-08 -+t 62,00 7,20E-02 0,22 0,04 0,01 8 106581528 IL-8 8q23.1 0,06% trans
rs9903871 t c 5,95 2,6E-09 ++ 33,10 2,24E-01 0,36 0,04 0,01 17 16131927 IL-8 17p11.2 0,07% trans
1rs4239225 a g -6,05 1,5E-09 0,00 7,14E-01 0,49 -0,04 0,01 17 38127112 IL-8 17q21.1 0,07% trans
152548977 t c 5,65 1,6E-08 ++ 0,00 3,99E-01 0,40 0,04 0,01 5 135463769 IL-9 5q31.1 0,08% trans
rs11742478 a c -5,54 3,0E-08 +- 84,00 1,23E-02 0,07 -0,08 0,01 5 135222840 IL-9 5q31.1 0,08% trans
rs9399136 t c -5,47 4,6E-08 - 0,00 591E-01 0,27 -0,04 0,01 6 135402339 IL-9 6q23.3 0,08% trans
157964426 t c -6,29 3,2E-10 +- 80,00 2,52E-02 0,34 -0,05 0,01 12 54668471 IL-9 12q13.13 0,10% trans
rs80136777 a t -5,79 7,0E-09 - 0,00 8,42E-01 0,12 -0,06 0,01 3 45931005 IP-10 3p21.31 0,09% trans
rs113587264 a g -5,95 2,6E-09 - 0,00 8,63E-01 0,01 -0,21 0,03 4 72955217 IP-10 4ql13.3 0,09% trans
rs1532985 t g 7,35 1,9E-13 —+ 91,20 7,32E-04  0,0139 0,32 0,04 4 77222245 IP-10 4q21.1 n/a cis
rs1048381 a g 5,83 5,7E-09 ++ 0,00 8,74E-01 0,14 0,06 0,01 6 32610445 IP-10 6p21.32 0,09% trans
154766517 c g -5,81 6,1E-09 - 58,90 1,19E-01 0,34 -0,04 0,01 12 111359712 IP-10 12q24.11 0,09% trans
152376263 a g 5,63 1,9E-08 ++ 0,00 8,77E-01 0,31 0,04 0,01 17 33763678 IP-10 17q12 0,08% trans
rs12121864 a c -6,14 8,3E-10 81,60 4,40E-03 0,12 -0,06 0,01 1 9205332 M-CSF 1p36.22 0,07% trans
1561785488 a g 6,20 5,5E-10 +++ 95,30 539E-10  0,7654 0,05 0,01 1 110557015 M-CSF 1p13.3 n/a cis
rs3093044 a g 5,84 5,2E-09 -+t 92,60 1,44E-06 0,08 0,07 0,01 1 110459730 M-CSF 1p13.3 0,06% trans
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154665972 t c -5,45 5,0E-08 +-- 82,40 3,38E-03 0,34 -0,03 0,01 2 27598097 M-CSF 2p23.3 0,05% trans
1577155840 t c 10,12 4,5E-24 -+ 97,60 4,40E-19 0,02 0,23 0,02 2 134973524 M-CSF 2q21.2 0,19% trans
1257371 a g 5,48 4,4E-08 4+ 82,50 3,32E-03 0,16 0,05 0,01 2 134839539 M-CSF 2q21.2 0,06% trans
1s3755573 t c -9,49 2,4E-21 92,20 2,85E-06 0,44 -0,06 0,01 3 98489011 M-CSF 3ql2.1 0,17% trans
153804622 a g 7,35 2,0E-13 +-+ 93,70 1,38E-07 0,43 0,05 0,01 3 98303182 M-CSF 3ql2.1 0,11% trans
1s3749260 a c 5,82 6,0E-09 -+ 91,80 5,19E-06 0,10 0,06 0,01 3 98250862 M-CSF 3qll.2 0,07% trans
152237085 a g -8,71 3,2E-18 92,70 1,13E-06 0,21 -0,07 0,01 5 149465249 M-CSF 5932 0,15% trans
15245056 a t 5,74 9,4E-09 +-+ 92,40 1,78E-06 0,34 0,04 0,01 5 149341038 M-CSF 5932 0,06% trans
rs6571186 a c -5,54 3,0E-08 +-- 68,50 4,19E-02 0,12 -0,05 0,01 6 95921373 M-CSF 6q16.1 0,06% trans
rs41274009 a g 5,55 2,9E-08 -++ 51,70 1,26E-01 0,09 0,06 0,01 9 33043127 M-CSF 9p21.1 0,06% trans
1s576123 t c -7,38 1,6E-13 ?-- 69,60 6,97E-02 0,26 -0,06 0,01 9 136144308 M-CSF 9q34.2 0,12% trans
1575071241 a g -8,23 1,8E-16 93,80 1,03E-07 0,06 -0,11 0,01 11 126232186 M-CSF 11q24.2 0,12% trans
rs10894808 t c 6,11 1,0E-09 +++ 0,00 6,58E-01 0,12 0,06 0,01 11 134256805 M-CSF 11925 0,07% trans
1s1265565 t c 6,19 6,0E-10 -+t 62,80 6,82E-02 0,34 0,04 0,01 12 111715197 M-CSF 12q24.12 0,07% trans
517880604 c g -7,40 1,3E-13 +-- 89,90 4,90E-05 0,02 -0,19 0,03 17 7577644 M-CSF 17p13.1 0,11% trans
rs41556717 t c 6,98 2,9E-12 -+t 88,10 2,28E-04 0,02 0,16 0,02 17 7399319 M-CSF 17p13.1 0,10% trans
rs11655829 a g 5,48 4,2E-08 ++ 0,00 4,97E-01 0,04 0,09 0,02 17 6744513 M-CSF 17p13.1 0,06% trans
1s573764538 t c 5,47 4,5E-08 7+ 86,20 7,10E-03 0,06 0,08 0,01 17 6962925 M-CSF 17p13.1 0,07% trans
rs8081395 a g 5,47 4,5E-08 -+ 60,80 7,82E-02 0,46 0,03 0,01 17 57801761 M-CSF 17q23.1 0,05% trans
1s12940443 t c -5,53 3,2E-08 -+ 91,00 1,45E-05 0,34 -0,04 0,01 17 74482559 M-CSF 17925.1 0,07% trans
rs679574 c g -6,04 1,6E-09 ++- 94,70 6,88E-09 0,39 -0,04 0,01 19 49206108 M-CSF 19q13.33 0,07% trans
15738409 c g -6,70 2,2E-11 +-- 84,70 1,42E-03 0,23 -0,05 0,01 22 44324727 M-CSF 22ql13.31 0,08% trans
159427342 c g 5,63 1,8E-08 ++ 63,30 6,55E-02 0,31 0,03 0,01 1 159360156 MCP-1 1q23.2 0,05% trans
1rs3026943 a c -5,48 4,3E-08 34,00 2,20E-01 041 -0,03 0,01 1 159131926 MCP-1 1q23.2 0,05% trans
rs3888652 a g 6,35 2,2E-10 +++ 82,60 3,22E-03 0,26 0,04 0,01 3 42726718 MCP-1 3p22.1 0,06% trans
rs34901975 a g 10,25 1,2E-24 +++ 87,50 3,39E-04 0,12 0,09 0,01 3 45916786 MCP-1 3p21.31 0,16% trans
1s62245068 t c 8,94 4,1E-19 +++ 62,60 6,91E-02 0,06 0,10 0,01 3 45840051 MCP-1 3p21.31 0,12% trans
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152269443 a g -8,36 6,4E-17 86,90 4,78E-04 0,12 -0,07 0,01 3 46491290 MCP-1 3p21.31 0,11% trans
154857857 a g 5,60 2,1E-08 +++ 87,40 3,60E-04 0,36 0,03 0,01 3 128313880 MCP-1 3q21.3 0,05% trans
152887259 t c 5,49 4,1E-08 ++? 0,00 791E-01 0,35 0,05 0,01 17 32590612 MCP-1 17q12 0,10% trans
1rs3845622 a c 6,09 1,1E-09 ++ 0,00 7,16E-01 0,12 0,07 0,01 1 159171603 MCP-3 1q23.2 0,10% trans
15146903072 a g 5,53 3,1E-08 ++ 0,00 8,94E-01 0,04 0,10 0,02 6 31847180 MCP-3 6p21.33 0,08% trans
15145274022 a c 6,06 1,4E-09 -+ 62,90 1,01E-01 0,01 0,23 0,04 17 30454415 MCP-3 17q11.2 0,10% trans
rs17734411 a g 6,05 1,4E-09 ++ 0,00 3,23E-01 0,16 0,06 0,01 17 31320630 MCP-3 17q11.2 0,10% trans
1s74832623 a g -35,82 5,9E-281 +- 97,50 2,28E-10  0,9771 -0,94 0,03 17 32535173 MCP-3 17q12 n/a cis
rs1233653 t c 9,73 2,2E-22 -+ 87,20 5,13E-03 0,06 0,15 0,02 17 32639058 MCP-3 17q12 0,26% trans
rs117971411 a g 9,03 1,7E-19 ++ 0,00 4,26E-01 0,02 0,24 0,03 17 32389429 MCP-3 17q12 0,22% trans
rs60319976 a g 6,93 4,2E-12 ++ 0,00 4,16E-01 0,08 0,10 0,01 17 32678932 MCP-3 17q12 0,13% trans
1856949579 a g -5,80 6,6E-09 - 0,00 9,39E-01 0,38 -0,04 0,01 8 144646201 MIF 8q24.3 0,09% trans
159620336 c g -5,65 1,6E-08 +- 72,90 5,48E-02  0,1998 -0,05 0,01 22 24281620 MIF 22q11.23 n/a cis
156679677 a c 5,63 1,8E-08 ++ 91,40 6,68E-04 0,13 0,06 0,01 1 114303808 MIG 1p13.2 0,08% trans
1579815064 a g 5,67 1,4E-08 ++ 0,00 8,98E-01 0,12 0,06 0,01 3 46277577 MIG 3p21.31 0,08% trans
1s2135232 t c 6,01 1,9E-09 ++ 58,80 1,19E-01 0,28 0,05 0,01 4 76832856 MIG 4q21.1 0,09% trans
rs6532173 t c 5,86 4,7E-09 ++ 0,00 5,34E-01 0,31 0,05 0,01 4 76998583 MIG 4q21.1 0,09% trans
rs3135338 t c 5,74 9,3E-09 ++ 0,00 9,71E-01 0,40 0,04 0,01 6 32401217 MIG 6p21.32 0,08% trans
14252066 a g 5,57 2,6E-08 ++ 0,00 6,23E-01 0,27 0,05 0,01 6 161127125 MIG 6926 0,08% trans
rs4766517 c g -6,41 1,5E-10 - 5,40 3,04E-01 0,34 -0,05 0,01 12 111359712 MIG 12q24.11 0,10% trans
1s62140208 a g -6,02 1,7E-09 --- 88,60 1,59E-04 0,42 -0,04 0,01 2 42325560 MIP-1a 2p21 0,06% trans
1s3924113 t g 5,50 3,7E-08 ++? 0,00 5,67E-01 0,24 0,06 0,01 4 38796255 MIP-1a 4pl4 0,13% trans
13129773 t c -5,70 1,2E-08 ?-- 0,00 5,77E-01 0,49 -0,04 0,01 6 32601930 MIP-1a 6p21.32 0,07% trans
1s12302980 a g 5,48 4,2E-08 +++ 0,00 9,51E-01 0,35 0,03 0,01 12 111360290 MIP-1a 12q24.11 0,05% trans
15764872 a g 14,16 1,5E-45 ++? 97,50 3,71E-10  0,6183 0,14 0,01 17 34415272 MIP-1a 17q12 n/a cis
rs9903158 t c -8,00 1,2E-15 ++- 98,50 1,62E-30 0,04 -0,12 0,02 17 34312337 MIP-1a 17q12 0,11% trans
rs113961817 a c 6,90 5,4E-12 M+ 0,00 8,45E-01 0,01 0,25 0,04 17 34108212 MIP-1a 17q12 0,10% trans
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158066793 t c 5,62 2,0E-08 4+ 0,00 9,04E-01 0,42 0,03 0,01 17 33696096 MIP-1a 17q12 0,06% trans
1s7412 t c 5,74 9,4E-09 -+t 70,40 3,41E-02 0,06 0,07 0,01 19 45412079 MIP-1a 19q13.32 0,06% trans
1573089379 c g -9,05 1,4E-19 - 94,30 2,71E-05 0,92 -0,16 0,02 3 45183414 MIP-1b 3p21.31 0,37% trans
1s62242542 t c -7,84 4,5E-15 - 98,20 6,54E-14 0,98 -0,29 0,04 3 45169491 MIP-1b 3p21.31 0,32% trans
152373048 a t -6,94 3,9E-12 - 53,90 1,41E-01 0,22 -0,08 0,01 3 45834988 MIP-1b 3p21.31 0,21% trans
rs10510748 a g 6,45 1,1E-10 ++ 84,60 1,08E-02 0,90 0,10 0,01 3 46178538 MIP-1b 3p21.31 0,16% trans
rs9847395 t c 5,67 1,4E-08 ++ 86,00 7,51E-03 0,44 0,05 0,01 3 46724548 MIP-1b 3p21.31 0,13% trans
rs10023850 a g 5,46 4,7E-08 ++ 26,10 2,45E-01 0,18 0,06 0,01 4 38763693 MIP-1b 4pl4 0,12% trans
rs10818069 a c -5,47 4,5E-08 - 0,00 8,21E-01 0,08 -0,09 0,02 9 120453971 MIP-1b 9q33.1 0,12% trans
156673427 a g -15,36 3,2E-53 - 95,70 1,37E-06  0,1252 -0,24 0,02 17 34471393 MIP-1b 17q12 n/a cis
17217473 t c 7,13 1,0E-12 ++ 65,90 8,66E-02 0,06 0,14 0,02 17 34319064 MIP-1b 17q12 0,21% trans
1376960253 t c 5,89 3,8E-09 ++ 97,90 6,83E-12 0,02 0,22 0,04 17 34088656 MIP-1b 17q12 0,17% trans
15140950972 c g 5,72 1,1E-08 ++ 51,80 1,50E-01 0,98 0,18 0,03 17 34034912 MIP-1b 17q12 0,15% trans
1rs34437725 t c -5,53 3,3E-08 - 83,50 1,39E-02 0,96 -0,13 0,02 17 33826785 MIP-1b 17q12 0,14% trans
rs11658282 t c -5,49 4,1E-08 - 82,50 1,68E-02 0,34 -0,05 0,01 17 33483115 MIP-1b 17q12 0,12% trans
12182760 a g -6,03 1,6E-09 7,40 3,40E-01 0,06 -0,07 0,01 1 156867990 PDGFbb 1923.1 0,06% trans
rs12117194 c g -6,24 4,3E-10 0,00 3,72E-01 0,50 -0,04 0,01 1 205040943 PDGFbb 1q32.1 0,06% trans
rs4952071 t c 6,11 9,8E-10 +++ 0,00 8,39E-01 0,40 0,04 0,01 2 31455148 PDGFbb 2p23.1 0,06% trans
rs4674836 a g -6,04 1,6E-09 --- 73,10 2,43E-02 0,35 -0,04 0,01 2 224855511 PDGFbb 2q36.1 0,06% trans
rs10184062 c g 5,48 4,3E-08 +++ 66,50 5,08E-02 0,26 0,04 0,01 2 224867341 PDGFbb 2q36.1 0,05% trans
1rs2064223 t c -5,85 5,0E-09 --- 0,00 6,68E-01 0,33 -0,04 0,01 6 163794814 PDGFbb 6926 0,05% trans
rs10282644 a g -5,61 2,1E-08 3,70 3,54E-01 047 -0,03 0,01 7 80164380 PDGFbb 7q21.11 0,05% trans
15302953 t c 5,67 1,5E-08 -+t 86,60 5,75E-04 0,40 0,03 0,01 8 106512481 PDGFbb 8q23.1 0,05% trans
rs385893 t c -5,73 9,9E-09 66,90 4,86E-02 0,44 -0,03 0,01 9 4763176 PDGFbb 9p24.1 0,05% trans
156479248 t g -6,71 2,0E-11 0,00 8,11E-01 0,44 -0,04 0,01 9 99086062 PDGFbb 9q22.32 0,07% trans
1s73554552 a c -5,50 3,8E-08 0,00 522E-01 0,07 -0,06 0,01 9 135861502 PDGFbb 9q34.13 0,05% trans
rs34237126 a c -5,68 1,4E-08 --- 0,00 4,58E-01 0,29 -0,04 0,01 10 64873883 PDGFbb 10g921.3 0,05% trans
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157075281 a c 6,98 3,0E-12 4+ 0,00 8,30E-01 0,26 0,04 0,01 10 104220301 PDGFbb 10g24.32 0,08% trans
rs6580980 a g -5,71 1,1E-08 68,40 422E-02 044 -0,03 0,01 12 54692061 PDGFbb 12q13.13 0,05% trans
rs11553699 a g -5,57 2,6E-08 0,00 4,69E-01 0,14 -0,04 0,01 12 122216910 PDGFbb 12q24.31 0,05% trans
rs12050334 t c 5,57 2,6E-08 +++ 44,40 1,65E-01 0,41 0,03 0,01 14 70653317 PDGFbb 14q24.2 0,05% trans
152816648 t c 5,69 1,3E-08 ++ 42,10 1,78E-01 0,31 0,04 0,01 14 105708289 PDGFbb 14q32.33 0,05% trans
1s2643356 t c 5,82 6,1E-09 +++ 84,10 1,86E-03 0,30 0,04 0,01 15 101971388 PDGFbb 15q26.3 0,06% trans
1579141987 a g 5,65 1,6E-08 ++ 0,00 7,52E-01 0,16 0,04 0,01 17 56398479 PDGFbb 17922 0,05% trans
151671226 c g -6,42 1,3E-10 27,40 2,52E-01 0,22 -0,05 0,01 19 55502846 PDGFbb 19q13.42 0,07% trans
rs6075493 a c -5,49 4,1E-08 37,10 2,04E-01 0,30 -0,03 0,01 20 19272791 PDGFbb 20p11.23 0,05% trans
1s1926231 t c -5,52 3,4E-08 - 0,00 3,33E-01 0,44 -0,04 0,01 1 198603279 RANTES 1q31.3 0,08% trans
rs1354034 t c 6,60 4,1E-11 ++ 0,00 4,39E-01 0,38 0,05 0,01 3 56849749 RANTES 3pl4.3 0,11% trans
12253294 t c 5,66 1,5E-08 ++ 0,00 3,63E-01 0,21 0,05 0,01 10 37706195 RANTES 10pl1.21 0,08% trans
154746855 a g 6,67 2,5E-11 ++ 62,80 1,01E-01 0,40 0,05 0,01 10 64822828 RANTES 10921.3 0,11% trans
rs11650416 a c 12,41 2,3E-35 ++ 0,00 8,20E-01 0,826 0,12 0,01 17 34077428 RANTES 17q12 n/a cis
15295070 a g 5,99 2,2E-09 ++ 0,00 5,98E-01 0,02 0,16 0,03 17 32786927 RANTES 17q12 0,09% trans
rs12953115 a g 5,64 1,7E-08 -+ 72,40 5,71E-02 0,14 0,06 0,01 17 33797534 RANTES 17q12 0,08% trans
143719578 t g 5,59 2,3E-08 ++ 0,00 3,29E-01 0,03 0,12 0,02 17 33779964 RANTES 17q12 0,08% trans
1s1671152 t g -5,54 3,0E-08 - 0,00 3,26E-01 0,15 -0,06 0,01 19 55526345 RANTES 19q13.42 0,08% trans
1rs4634925 c g -6,45 1,1E-10 86,70 5,58E-04 0,38 -0,04 0,01 1 161189344 SCF 1923.3 0,07% trans
1572704449 t c -6,97 3,2E-12 0,00 6,22E-01 0,05 -0,10 0,01 1 179473273 SCF 1925.2 0,08% trans
rs4846913 a c -5,62 2,0E-08 --- 58,90 8,78E-02 0,39 -0,03 0,01 1 230294715 SCF 1q42.13 0,05% trans
1rs514230 a t -5,49 4,0E-08 +-- 87,30 3,82E-04 0,45 -0,03 0,01 1 234858597 SCF 1g42.3 0,05% trans
rs1585488 t g 6,11 1,0E-09 A+ 74,80 1,.90E-02 0,49 0,03 0,01 3 98359663 SCF 3ql2.1 0,06% trans
152125787 a g -5,53 3,2E-08 +-- 87,70 2,99E-04 0,39 -0,03 0,01 4 87996623 SCF 4q21.3 0,05% trans
15854562 t c 6,01 1,8E-09 ++ 59,80 8,33E-02 0,27 0,04 0,01 7 94947969 SCF 7q21.3 0,06% trans
1s6999569 a g -6,33 2,4E-10 0,00 6,23E-01 0,50 -0,04 0,01 8 126475770 SCF 8q24.13 0,06% trans
15675849 t c -5,64 1,7E-08 +-- 83,00 2,80E-03 0,12 -0,05 0,01 9 15298666 SCF 9p22.3 0,05% trans
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rs112853430 t c 9,01 2,1E-19 P+ 65,50 8,88E-02 0,04 0,15 0,02 9 107585213 SCF 9q31.1 0,15% trans
rs4743764 t c 7,42 1,2E-13 +++ 0,00 9,73E-01 0,38 0,04 0,01 9 107629104 SCF 9q31.1 0,09% trans
157868232 t c 5,51 3,5E-08 4+ 35,10 2,14E-01 0,20 0,04 0,01 9 136042264 SCF 9q34.2 0,05% trans
187304494 t c -6,84 7,7E-12 57,70 9,43E-02 0,32 -0,04 0,01 12 89363909 SCF 12g21.33 0,08% trans
143875230 a g -6,14 8,5E-10 47,40 1,49E-01 0,03 -0,10 0,02 15 43278726 SCF 15q15.2 0,06% trans
rs10468017 t c -5,55 2,8E-08 +-- 90,30 3,38E-05 0,31 -0,03 0,01 15 58678512 SCF 15q21.3 0,05% trans
1577924615 a g -6,70 2,1E-11 49,50 1,38E-01 0,20 -0,05 0,01 16 20392332 SCF 16p12.3 0,07% trans
1s9989419 a g -7,22 5,1E-13 49,80 1,36E-01 0,39 -0,04 0,01 16 56985139 SCF 16q13 0,08% trans
rs150781363 t c 6,60 4,2E-11 ++ 0,00 4,68E-01 0,03 0,11 0,02 16 67884268 SCF 16q22.1 0,07% trans
1s28382814 t c -5,87 4,3E-09 69,20 3,89E-02 0,03 -0,10 0,02 16 66971780 SCF 16g22.1 0,06% trans
rs12721051 c g -5,74 9,3E-09 0,20 3,67E-01 0,20 -0,04 0,01 19 45422160 SCF 19q13.32 0,05% trans
1rs389096 a g -6,16 7,1E-10 +-- 90,70 2,23E-05 0,33 -0,04 0,01 19 54764322 SCF 19q13.42 0,06% trans
5148773337 a c 8,47 2,4E-17 A+ 90,40 2,92E-05 0,02 0,18 0,02 20 44539057 SCF 20q13.12 0,11% trans
1rs6032254 a c 7,66 1,8E-14 -++ 87,80 2,84E-04 0,08 0,08 0,01 20 44132654 SCF 20q13.12 0,09% trans
15149890864 t c 6,20 5,5E-10 ++ 92,10 3,59E-04 0,00 0,35 0,06 20 43612904 SCF 20q13.12 0,08% trans
rs12053610 a g 6,11 1,0E-09 -++ 84,00 1,90E-03 0,06 0,07 0,01 20 43963739 SCF 20q13.12 0,06% trans
rs2741441 t g 5,89 3,9E-09 —++ 74,70 1,92E-02 0,13 0,05 0,01 20 43979887 SCF 20q13.12 0,06% trans
rs12134724 t c 5,59 2,3E-08 ++ 0,00 8,11E-01 043 0,04 0,01 1 205039288 SCGF-b 1q32.1 0,08% trans
1s6662383 t c 5,59 2,3E-08 ++ 31,20 2,28E-01 0,09 0,07 0,01 1 236108446 SCGF-b 1q42.3 0,08% trans
rs10804034 t c 5,71 1,1E-08 ++ 0,00 3,88E-01 0,37 0,04 0,01 2 191244826 SCGF-b 2q32.2 0,08% trans
rs150741051 a g 5,93 3,0E-09 ++ 0,00 8,87E-01 0,09 0,07 0,01 3 46660223 SCGF-b 3p21.31 0,09% trans
156782228 c g -6,51 7,5E-11 -- 0,00 7,82E-01 0,29 -0,05 0,01 3 128323424 SCGF-b 3q21.3 0,11% trans
13797358 t c -5,46 4,9E-08 - 0,00 5,80E-01 0,46 -0,04 0,01 5 72168857 SCGF-b 5ql13.2 0,08% trans
1s915654 a t 5,53 3,2E-08 ++ 0,00 9,10E-01 0,38 0,04 0,01 6 31538497 SCGF-b 6p21.33 0,08% trans
151873547 a g -5,81 6,1E-09 - 0,00 529E-01 047 -0,04 0,01 8 70724911 SCGF-b 8ql13.3 0,09% trans
rs2012880 c g 6,03 1,6E-09 ++ 0,00 5,54E-01 0,14 0,06 0,01 8 130545566 SCGF-b 8q24.21 0,09% trans
1rs2093839 c g 5,67 1,5E-08 ++ 0,00 538E-01 0,18 0,05 0,01 9 79106652 SCGF-b 9q21.13 0,08% trans
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rs11257361 a t 5,46 4,7E-08 ++ 19,60 2,65E-01 0,19 0,05 0,01 10 11895507 SCGF-b 10p14 0,08% trans
1s56086228 a g 5,89 3,8E-09 ++ 61,00 1,09E-01 0,02 0,17 0,03 12 101598983 SCGF-b 12q23.1 0,09% trans
rs11111748 a g 7,87 3,6E-15 ++ 0,00 9,75E-01 0,08 0,11 0,01 12 104149022 SCGF-b 12q23.3 0,16% trans
1s139133040 c g 7,52 5,5E-14 ++ 79,30 2,80E-02 0,02 0,19 0,03 12 105084960 SCGF-b 12q23.3 0,14% trans
14981026 a g -6,42 1,4E-10 - 81,50 2,02E-02 0,23 -0,05 0,01 12 104152456 SCGF-b 12q23.3 0,11% trans
rs10861032 t c -5,91 3,4E-09 - 0,00 7,30E-01 0,16 -0,06 0,01 12 103912506 SCGF-b 12q23.3 0,09% trans
rs150179248 a t 5,73 9,8E-09 ++ 66,90 8,23E-02 0,02 0,13 0,02 12 103019462 SCGF-b 12q23.2 0,08% trans
rs483879 t c -5,94 2,9E-09 -- 0,00 8,93E-01 0,21 -0,05 0,01 13 52127212 SCGF-b 13q14.3 0,09% trans
rs12878578 a g 6,26 4,0E-10 ++ 0,00 3,85E-01 0,13 0,07 0,01 14 25045589 SCGF-b 14q12 0,10% trans
157149169 a g -6,16 7,3E-10 - 69,20 7,16E-02 0,32 -0,05 0,01 14 103833065 SCGF-b 14q32.32 0,10% trans
1rs35609972 a g 6,12 9,5E-10 ++ 0,00 8,50E-01 0,27 0,05 0,01 15 50324126 SCGF-b 15q21.2 0,10% trans
rs11864191 t c 6,88 5,8E-12 ++ 64,40 9,40E-02 0,08 0,09 0,01 16 545996 SCGEF-b 16p13.3 0,12% trans
151698237 t c -5,45 5,0E-08 - 0,00 7,68E-01 0,42 -0,04 0,01 16 451306 SCGF-b 16p13.3 0,08% trans
15255056 c g 5,65 1,6E-08 ++ 4,30 3,07E-01 0,13 0,06 0,01 16 68016185 SCGF-b 16q22.1 0,08% trans
1560384564 a c 5,51 3,6E-08 ++ 0,00 5,03E-01 0,04 0,10 0,02 17 55421435 SCGF-b 17922 0,08% trans
157246004 t g 10,98 5,0E-28 ++ 18,80 2,67E-01 0,341 0,08 0,01 19 51216909 SCGF-b 19q13.33 n/a cis
rs144686073 a g 9,89 4,5E-23 ++ 88,10 3,81E-03 0,01 0,39 0,04 19 51053661 SCGF-b 19q13.33 0,25% trans
1s77578935 a g 7,88 3,2E-15 -+ 92,30 3,20E-04 0,03 0,18 0,02 19 50414185 SCGF-b 19q13.33 0,16% trans
1575256967 a g 7,49 7,1E-14 ++ 79,70 2,64E-02 0,01 0,34 0,04 19 50901551 SCGF-b 19q13.33 0,14% trans
rs144724875 t c 6,22 4,8E-10 ++ 95,70 1,56E-06 0,02 0,16 0,03 19 51195936 SCGF-b 19q13.33 0,10% trans
rs80226314 t c 5,72 1,1E-08 -+ 78,60 3,05E-02 0,02 0,14 0,02 19 50829530 SCGF-b 19q13.33 0,08% trans
rs4813271 a c -5,75 9,1E-09 - 0,00 3,38E-01 0,21 -0,05 0,01 20 17546574 SCGF-b 20p12.1 0,08% trans
1572683129 a g -5,89 3,9E-09 - 79,10 2,87E-02 0,13 -0,06 0,01 1 66069781 SDF-1a 1p31.3 0,08% trans
1s6733162 c g -5,58 2,4E-08 - 61,60 1,07E-01 0,41 -0,04 0,01 2 162913498 SDF-1la 2q24.2 0,07% trans
1rs28595399 t c 5,72 1,1E-08 ++ 54,60 1,38E-01 0,29 0,04 0,01 3 12500065 SDF-1a 3p25.2 0,08% trans
1rs56013261 t c 5,50 3,8E-08 ++ 0,00 6,74E-01 0,39 0,04 0,01 3 47224014 SDF-1a 3p21.31 0,07% trans
rs17404060 t c 6,18 6,3E-10 ++ 87,30 5,02E-03 0,12 0,06 0,01 5 115319911 SDF-1a 5q23.1 0,09% trans
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SNP Allelel  Allele2 Zscore P-value Direction HetISq HetPVal EAF  Beta SE Chromosome Position Cytokine Locus variance acting
rs115841185 t c 5,49 4,0E-08 ++ 30,20 2,31E-01 0,03 0,11 0,02 7 153655480 SDF-1a 7936.2 0,07% trans
rs10123570 t c 5,49 3,9E-08 ++ 51,40 1,51E-01 048 0,04 0,01 9 89356766 SDF-1a 9q21.33 0,07% trans
517391002 a g -6,43 1,3E-10 +- 94,80 1,09E-05  0,7734 -0,06 0,01 10 44855927 SDF-1a 10q11.21 n/a cis
1s180738147 t c 6,38 1,8E-10 ++ 83,20 1,48E-02 0,03 0,13 0,02 10 44925153 SDF-1la 10q11.21 0,09% trans
152279555 a g 5,64 1,7E-08 -+ 91,30 6,91E-04 0,18 0,05 0,01 10 44476596 SDF-1a 10q11.21 0,07% trans
rs10822145 t c 5,58 2,5E-08 ++ 0,00 9,77E-01 0,48 0,04 0,01 10 64934548 SDF-1la 10921.3 0,07% trans
rs7310615 c g 5,94 2,8E-09 ++ 0,00 3,33E-01 0,38 0,04 0,01 12 111865049 SDF-1a 12q24.12 0,08% trans
154147990 t c 10,04 1,0E-23 ++ 86,30 6,85E-03 0,06 0,15 0,01 17 66913936 SDF-1a 17q24.2 0,26% trans
rs1468512 t c 5,59 2,3E-08 ++ 0,00 3,777E-01 0,15 0,05 0,01 17 67219768 SDF-1a 17q24.3 0,07% trans
rs1329424 t g 6,35 2,1E-10 -+ 83,30 1,45E-02 0,40 0,05 0,01 1 196646176 TNF-a 1q31.3 0,10% trans
rs1329424 t g 8,43 3,3E-17 -+ 93,30 1,16E-04 0,40 0,06 0,01 1 196646176 TNF-b 1q31.3 0,19% trans
rs4850046 t c -6,04 1,5E-09 - 0,00 8,56E-01 0,12 -0,07 0,01 2 3634606 TNF-b 2p25.3 0,10% trans
151329424 t g 7,93 2,2E-15 +-+ 96,30 2,11E-12 0,40 0,05 0,01 1 196646176 TRAIL 1q31.3 0,11% trans
1rs6542680 t c -5,70 1,2E-08 ++- 95,30 6,81E-10 0,18 -0,04 0,01 2 3640142 TRAIL 2p25.3 0,05% trans
1573169285 a t 10,44 1,6E-25 ++2? 71,90 592E-02  0,7435 0,12 0,01 3 172216957 TRAIL 3926.31 n/a cis
1s562416 a c -5,68 1,3E-08 - 91,80 526E-06 0,14 -0,05 0,01 3 172161842 TRAIL 3926.31 0,05% trans
1s59724749 a g -7,64 2,1E-14 +-? 98,40 6,25E-15 0,18 -0,09 0,01 3 186408443 TRAIL 3q27.3 0,25% trans
rs41285751 t g 6,20 5,6E-10 M+ 51,60 1,51E-01 0,08 0,08 0,01 6 31899815 TRAIL 6p21.33 0,09% trans
rs45505795 c g 591 3,5E-09 +++ 97,00 4,51E-15 0,02 0,12 0,02 14 94756943 TRAIL 14q32.13 0,06% trans
152901364 t g -10,13 4,0E-24 --? 99,10 4,23E-26 0,02 -0,36 0,04 18 29569416 TRAIL 18ql2.1 0,51% trans
rs140103836 t c -6,51 7,7E-11 -+ 99,20 1,18E-53 0,02 -0,14 0,02 18 28811450 TRAIL 18ql12.1 0,08% trans
1374778900 t c 6,07 1,3E-09 +++ 97,70 8,47E-20 0,01 0,15 0,03 18 28086266 TRAIL 18q12.1 0,06% trans
rs117618570 t g -5,88 4,2E-09 98,40 2,73E-28 0,02 -0,13 0,02 18 29008594 TRAIL 18ql12.1 0,06% trans
rs78186881 a t -5,65 1,6E-08 97,70 9,97E-20 0,06 -0,07 0,01 18 29382112 TRAIL 18q12.1 0,05% trans
rs77121181 a g 6,60 4,0E-11 -+? 98,60 9,80E-17 0,04 0,16 0,02 19 44072655 TRAIL 19q13.31 0,21% trans
rs145243487 a t -5,46 4,8E-08 49,20 1,40E-01 0,08 -0,06 0,01 5 88035532 VEGF 5ql4.3 0,05% trans
1rs74556053 a g -15,31 6,3E-53 86,30 6,65E-04  0,0716 -0,17 0,01 6 43934340 VEGF 6p21.1 n/a cis
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SNP Allelel  Allele2 Zscore P-value Direction HetISq HetPVal EAF  Beta SE Chromosome Position Cytokine Locus E‘:‘l; lizi:ce: acting
156914863 c g -7,12 1,1E-12 93,10 4,72E-07 0,02 -0,14 0,02 6 43961813 VEGF 6p21.1 0,09% trans
1s62401205 a c -7,09 1,4E-12 89,20 9,45E-05 0,03 -0,13 0,02 6 43855489 VEGF 6p21.1 0,09% trans
13202103 t c -6,56 5,3E-11 54,80 1,10E-01 0,03 -0,11 0,02 6 43883984 VEGF 6p21.1 0,08% trans
1rs35703624 t c 6,42 1,4E-10 -+t 73,90 2,17E-02 0,03 0,12 0,02 6 43968412 VEGF 6p21.1 0,08% trans
15833065 a g 5,70 1,2E-08 ++ 0,00 4,63E-01 0,16 0,05 0,01 6 43683804 VEGF 6p21.1 0,06% trans
157692 a c -5,46 4,9E-08 +-- 78,20 1,02E-02 0,28 -0,04 0,01 6 43304007 VEGF 6p21.1 0,05% trans
1rs302953 t c 6,41 1,4E-10 +++ 89,60 6,78E-05 0,40 0,04 0,01 8 106512481 VEGF 8q23.1 0,07% trans
rs10967571 t c -11,30 1,3E-29 - 83,60 2,25E-03 0,45 -0,07 0,01 9 2694834 VEGF 9p24.2 0,22% trans
rs34881325 t c -6,11 1,0E-09 --? 85,50 8,56E-03 0,39 -0,06 0,01 9 2622134 VEGF 9p24.2 0,19% trans
1rs4746855 a g 5,52 3,4E-08 +++ 68,20 429E-02 0,40 0,03 0,01 10 64822828 VEGF 10g21.3 0,05% trans
rs12444373 c g -7,03 2,1E-12 --- 31,20 2,34E-01 0,03 -0,12 0,02 16 88564585 VEGF 16q24.2 0,09% trans
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Table A.2. GWAS heterogeneity results. Results, restricted to heterogenous variant (heterogeneity p-value < 0.1), showing 174 significant associations between circulating

cytokine levels and variants.

SNP Allelel Allele2 Zscore P-value Direction  HetlISq HetPVal EAF Beta SE Chromosome Position Cytokine Locus F::;l;li;il:l;d
135099140 a t 5,72 1,1E-08 -+ 87,20 5,16E-03 0,23 0,05 0,01 14 106952318 bNGF  14q32.33 0,08%
15116758863 t g -5,64 1,7E-08 -- 74,40 4,79E-02 0,02 -0,13 0,02 3 39250894 Eotaxin 3p22.2 0,07%
511920996 t c 9,63 5,8E-22 ++ 94,10 3,73E-05 0,02 0,22 0,02 3 42542761 Eotaxin 3p22.1 0,21%
1s140921648 a c 5,69 1,3E-08 ++ 76,20 4,02E-02 0,04 0,10 0,02 7 75202900 Eotaxin 7q11.23 0,07%
15704903 t c -10,07  7,8E-24 - 77,90 3,35E-02 0,25 -0,08 0,01 3 43070847 Eotaxin 3p22.1 0,23%
157550207 t c -6,19 6,0E-10 -- 82,50 1,67E-02 0,26 -0,05 0,01 1 159174885 Eotaxin 1923.2 0,09%
rs9810934 a g 12,57 3,2E-36 ++ 85,90 7,80E-03 0,29 0,09 0,01 3 45954352 Eotaxin 3p21.31 0,36%
1578836533 a g 5,66 1,5E-08 -+ 95,20 5,40E-06 0,05 0,09 0,02 4 121168969 FGF-b 4927 0,07%
1s937355 a g 6,60 4,1E-11 -+ 96,20 3,28E-07 0,31 0,05 0,01 4 121570292 FGF-b 4q27 0,10%
156857701 t c -5,78 7,5E-09 +- 87,40 4,91E-03 0,14 -0,06 0,01 4 122315742 FGF-b 4q27 0,08%
5141091752 c g 7,51 5,8E-14 -+ 95,80 1,02E-06 0,02 0,17 0,02 4 122898197 FGF-b 4q27 0,13%
15141635731 t g 6,62 3,7E-11 ++ 63,80 9,64E-02 0,03 0,13 0,02 4 123439970 FGF-b 4q27 0,10%
5115049760 a g -5,53 3,2E-08 +- 96,20 2,86E-07 0,03 -0,11 0,02 4 124302061 FGF-b 4q28.1 0,07%
1560093606 t g 9,06 1,3E-19 -+ 95,10 5,97E-06 0,29 0,07 0,01 4 127266290 FGF-b 4q28.1 0,19%
511668536 t c -6,59 4,3E-11 +- 96,60 6,65E-08 0,25 -0,05 0,01 19 45328476 G-CSF  19q13.32 0,10%
15117372248 a g 5,68 1,3E-08 ++ 86,20 7,13E-03 0,14 0,05 0,01 19 43361820 G-CSF 19q13.2 0,07%
rs11880654 t c -6,64 3,1E-11 +- 95,40 3,48E-06 0,08 -0,08 0,01 19 45745857 G-CSF  19q13.32 0,10%
1s16979231 t c -5,54 3,1E-08 -- 72,80 5,51E-02 0,21 -0,05 0,01 19 45042765 G-CSF  19q13.31 0,07%
1rs34939346 t c -5,93 3,0E-09 -- 86,90 5,70E-03 0,20 -0,05 0,01 19 40421612 G-CSF 19q13.2 0,08%
1s56147474 a g 5,84 5,2E-09 ++ 78,10 3,24E-02 0,11 0,06 0,01 3 165798383 G-CSF 3q26.1 0,08%
17252448 t c -5,63 1,8E-08 -- 71,10 6,27E-02 0,31 -0,04 0,01 19 46142053 G-CSF  19q13.32 0,07%
1579924756 a g 5,46 4,6E-08 -+ 85,90 7,78E-03 0,22 0,05 0,01 19 44321973 G-CSF  19q13.31 0,07%
rs10019504 a g 7,61 2,8E-14 M+ 94,60 1,55E-05 0,03 0,15 0,02 4 71486305 GROa 4ql3.3 0,12%
1s10995445 a t -8,61 7,6E-18 - 64,40 6,02E-02 0,50 -0,05 0,01 10 64874754 GROa 10q21.3 0,13%

rs114296817 a c 6,69 2,3E-11 2+ 89,20 2,36E-03 0,01 0,21 0,03 4 68310149 GROa 4ql3.2 0,09%
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SNP Allelel Allele2 Zscore P-value Direction HetlSq HetPVal EAF Beta SE Chromosome Position Cytokine Locus li/);l:'lizi:ceed
rs114536173 a t 7,03 2,0E-12 M+ 93,90 5,12E-05 0,03 0,13 0,02 4 71538474 GROa 4ql3.3 0,10%
rs115275434 t c -7,26 4,0E-13 +-- 81,90 4,00E-03 0,02 -0,16 0,02 4 71719779 GROa 4ql13.3 0,10%
15146702741 t c 6,26 3,9E-10 —++ 91,60 6,87E-06 0,01 0,17 0,03 4 72484429 GROa 4ql3.3 0,07%
rs192031641 c g -5,55 2,9E-08 -+ 81,20 4,84E-03 0,03 -0,10 0,02 4 64401593 GROa 4ql3.1 0,06%
15192437265 t c 5,86 4,8E-09 -+ 91,60 6,67E-06 0,03 0,10 0,02 4 76875335 GROa 4q21.1 0,06%
152249581 t c -5,70 1,2E-08 --- 96,60 1,30E-13 0,25 -0,04 0,01 1 159144581 GROa 1g23.2 0,06%
1528624853 a g -8,09 5,9E-16 ?-- 95,90 7,90E-07 0,03 -0,15 0,02 4 72138143 GROa 4ql3.3 0,13%
18377499720 a g -5,92 3,1E-09 ?-- 65,00 9,12E-02 0,02 -0,13 0,02 4 75137124 GROa 4ql3.3 0,08%
1556042607 a g 6,81 1,0E-11 -+ 97,10 4,04E-09 0,04 0,11 0,02 4 73005872 GROa 4ql3.3 0,09%
1s57619473 a c -6,10 1,1E-09 ?-- 93,60 8,23E-05 0,04 -0,09 0,02 4 69180867 GROa 4ql3.2 0,07%
78898749 t c 5,52 3,4E-08 -+ 91,60 6,64E-06 0,01 0,18 0,03 4 70831665 GROa 4ql3.3 0,06%
1s149467613 a g 7,26 4,0E-13 +++ 81,10 5,07E-03 0,06 0,09 0,01 11 72943483 HGF 11q13.4 0,09%
155745692 c g -5,49 4,0E-08 --- 80,20 6,33E-03 0,05 -0,08 0,01 7 81358266 HGF 7q21.11 0,05%
rs1042663 a g 8,71 3,1E-18 ++ 93,00 1,63E-04 0,09 0,10 0,01 6 31905130 IFN-g 6p21.33 0,18%
5116224050 a g 6,38 1,8E-10 -+ 89,60 1,95E-03 0,03 0,14 0,02 1 196918145 IFN-g 1q31.3 0,09%
1s12127759 t c -7,60 2,9E-14 - 83,20 1,48E-02 0,14 -0,07 0,01 1 196648613 IFN-g 1q31.3 0,13%
1571631848 a g 6,81 9,7E-12 ++ 85,20 9,43E-03 0,23 0,06 0,01 1 196186335 IFN-g 1q31.3 0,11%
151329424 t g 6,41 1,5E-10 -+ 90,50 1,20E-03 0,40 0,04 0,01 1 196646176 IL-10 19313 0,10%
157739450 a g -8,58 9,7E-18 - 99,40 8,28E-37 0,47 -0,06 0,01 6 43911598 IL-10 6p21.1 0,17%
rs12127759 t c -6,83 8,3E-12 +- 90,70 1,03E-03 0,14 -0,07 0,01 1 196648613 IL-13 1q31.3 0,12%
rs11072257 t c 5,45 5,0E-08 -+t 65,50 5,52E-02 0,08 0,06 0,01 15 71463600 IL-16 15923 0,05%
rs138561568 a c 5,94 2,9E-09 M+ 84,90 9,98E-03 0,01 0,20 0,03 15 81806029 IL-16 15q925.2 0,07%
5139576939 c g -1432  1,7E-46 +- 97,20 1,61E-16 0,05 -0,20 0,01 15 83393723 IL-16 15q25.2 0,38%
rs17211644 t c 5,48 4,2E-08 +-+ 90,90 1,70E-05 0,14 0,05 0,01 15 80116362 IL-16 15q25.1 0,05%
1562143194 c g -8,69 3,7E-18 --? 92,10 3,80E-04 0,25 -0,10 0,01 19 54319624 IL-16  19q13.42 0,35%
1571404763 a c 17,78 1,0E-70 +++ 89,10 1,06E-04 0,05 0,25 0,01 15 81439371 IL-16 15q25.1 0,57%
1572851055 c g 5,74 9,7E-09 M+ 78,20 3,21E-02 0,34 0,04 0,01 6 32502814 IL-16 6p21.32 0,07%
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SNP Allelel Allele2 Zscore P-value Direction HetlSq HetPVal EAF Beta SE Chromosome Position Cytokine Locus li[);gizﬁlceed
1575156308 a g 6,37 1,9E-10 +++ 85,30 1,09E-03 0,05 0,09 0,01 15 86174098 IL-16 15q25.3 0,07%
rs1329424 t g 597 2,3E-09 -+ 88,30 3,41E-03 0,40 0,04 0,01 1 196646176 IL-17 1q31.3 0,08%
15143732640 t c 9,19 3,9E-20 ++ 70,80 6,42E-02 0,03 0,21 0,02 2 3353632 IL-1B 2p25.3 0,22%
rs16997771 t c -6,24 4,5E-10 +- 92,30 3,13E-04 0,03 -0,13 0,02 19 10148713 IL-1B 19p13.2 0,10%
1575564661 a g -6,68 2,5E-11 +- 94,80 1,26E-05 0,04 -0,12 0,02 2 3032487 IL-1B 2p25.3 0,12%
1577246730 t c -18,03  1,1E-72 +- 97,40 6,36E-10 0,01 -0,55 0,03 2 3642756 IL-1B 2p25.3 0,83%
157221894 t c -5,47 4,5E-08 --? 66,20 8,55E-02 0,37 -0,06 0,01 17 38165485 IL-1ra 17q21.1 0,14%
1s9937053 a g 5,52 3,4E-08 +++ 58,70 8,88E-02 0,44 0,03 0,01 16 53799507 IL-1ra 16q12.2 0,05%
1s62143194 c g -15,68  2,0E-55 --? 97,20 2,35E-09 0,25 -0,17 0,01 19 54319624 IL-1ra  19q13.42 1,11%
rs10169524 a g -5,57 2,6E-08 +-- 81,70 4,29E-03 0,27 -0,04 0,01 2 113528872 IL-1ra 2q13 0,05%
rs4665972 t c 8,00 1,2E-15 ++ 72,80 5,51E-02 0,34 0,06 0,01 2 27598097 1L-2 2p23.3 0,16%
1s1329424 t g 8,00 1,3E-15 -+ 96,00 5,49E-07 0,40 0,06 0,01 1 196646176 IL-4 1q31.3 0,15%
157194068 t g -5,69 1,3E-08 - 72,60 5,63E-02 0,43 -0,04 0,01 16 17576804 IL-4 16p12.3 0,07%
rs11265611 a g 6,70 2,0E-11 +++ 95,30 5,36E-10 0,34 0,04 0,01 1 154395125 IL-6 1921.3 0,08%
512075 a g 10,01 1,3E-23 +++ 76,10 1,53E-02 0,42 0,06 0,01 1 159175354 1L-8 1q23.2 0,18%
1s12127759 t c -5,96 2,5E-09 -+ 88,50 1,73E-04 0,14 -0,05 0,01 1 196648613 IL-8 1q31.3 0,06%
rs41285751 t g 5,49 4,1E-08 M+ 80,10 2,49E-02 0,08 0,07 0,01 6 31899815 1L-8 6p21.33 0,07%
rs61820876 t g -5,85 5,0E-09 --- 82,50 3,33E-03 0,28 -0,04 0,01 1 196209945 IL-8 1q31.3 0,07%
rs6993770 a t 5,68 1,4E-08 -+t 62,00 7,20E-02 0,22 0,04 0,01 8 106581528 IL-8 8q23.1 0,06%
1s942053 t c 5,84 5,2E-09 +++ 78,70 9,22E-03 0,04 0,09 0,02 4 74530753 IL-8 4ql3.3 0,07%
rs11742478 a c -5,54 3,0E-08 +- 84,00 1,23E-02 0,07 -0,08 0,01 5 135222840 1IL-9 5q31.1 0,08%
157964426 t c -6,29 3,2E-10 +- 80,00 2,52E-02 0,34 -0,05 0,01 12 54668471 IL-9 12q13.13 0,10%
15573764538 t c 5,47 4,5E-08 -+ 86,20 7,10E-03 0,06 0,08 0,01 17 6962925 M-CSF 17p13.1 0,07%
rs41556717 t c 6,98 2,9E-12 -+t 88,10 2,28E-04 0,02 0,16 0,02 17 7399319 M-CSF 17p13.1 0,10%
517880604 c g -7,40 1,3E-13 +-- 89,90 4,90E-05 0,02 -0,19 0,03 17 7577644 M-CSF 17p13.1 0,11%
rs12121864 a c -6,14 8,3E-10 --- 81,60 4,40E-03 0,12 -0,06 0,01 1 9205332 M-CSF 1p36.22 0,07%
154665972 t c -5,45 5,0E-08 +-- 82,40 3,38E-03 0,34 -0,03 0,01 2 27598097 M-CSF 2p23.3 0,05%
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15738409 c g -6,70 2,2E-11 +- 84,70 1,42E-03 0,23 -0,05 0,01 22 44324727 M-CSF  22q13.31 0,08%
15679574 c g -6,04 1,6E-09 ++- 94,70 6,88E-09 0,39 -0,04 0,01 19 49206108 M-CSF  19q13.33 0,07%
rs8081395 a g 5,47 4,5E-08 —++ 60,80 7,82E-02 0,46 0,03 0,01 17 57801761 M-CSF 17q23.1 0,05%
rs12940443 t c -5,53 3,2E-08 -+ 91,00 1,45E-05 0,34 -0,04 0,01 17 74482559 M-CSF 17q25.1 0,07%
156571186 a c -5,54 3,0E-08 +-- 68,50 4,19E-02 0,12 -0,05 0,01 6 95921373 M-CSF 6q16.1 0,06%
1s3749260 a c 5,82 6,0E-09 -+ 91,80 5,19E-06 0,10 0,06 0,01 3 98250862 M-CSF 3qll.2 0,07%
153804622 a g 7,35 2,0E-13 +-+ 93,70 1,38E-07 0,43 0,05 0,01 3 98303182 M-CSF 3ql2.1 0,11%
1s3755573 t c -9,49 2,4E-21 --- 92,20 2,85E-06 0,44 -0,06 0,01 3 98489011 M-CSF 3ql2.1 0,17%
rs3093044 a g 5,84 5,2E-09 -+t 92,60 1,44E-06 0,08 0,07 0,01 1 110459730 M-CSF 1p13.3 0,06%
1s1265565 t c 6,19 6,0E-10 -+t 62,80 6,82E-02 0,34 0,04 0,01 12 111715197 M-CSF  12q24.12 0,07%
rs75071241 a g -8,23 1,8E-16 --- 93,80 1,03E-07 0,06 -0,11 0,01 11 126232186 M-CSF 11q24.2 0,12%
1s1257371 a g 5,48 4,4E-08 +++ 82,50 3,32E-03 0,16 0,05 0,01 2 134839539 M-CSF 2q21.2 0,06%
177155840 t c 10,12 4,5E-24 -+ 97,60 4,40E-19 0,02 0,23 0,02 2 134973524 M-CSF 2q21.2 0,19%
1s576123 t c -7,38 1,6E-13 ?-- 69,60 6,97E-02 0,26 -0,06 0,01 9 136144308 M-CSF 9q34.2 0,12%
15245056 a t 5,74 9,4E-09 +-+ 92,40 1,78E-06 0,34 0,04 0,01 5 149341038 M-CSF 5q32 0,06%
1rs2237085 a g -8,71 3,2E-18 --- 92,70 1,13E-06 0,21 -0,07 0,01 5 149465249 M-CSF 5q32 0,15%
152269443 a g -8,36 6,4E-17 --- 86,90 4,78E-04 0,12 -0,07 0,01 3 46491290 MCP-1 3p21.31 0,11%
1534901975 a g 10,25 1,2E-24 +++ 87,50 3,39E-04 0,12 0,09 0,01 3 45916786 MCP-1 3p21.31 0,16%
13888652 a g 6,35 2,2E-10 +++ 82,60 3,22E-03 0,26 0,04 0,01 3 42726718 MCP-1 3p22.1 0,06%
154857857 a g 5,60 2,1E-08 +++ 87,40 3,60E-04 0,36 0,03 0,01 3 128313880 MCP-1 3q21.3 0,05%
162245068 t c 8,94 4,1E-19 +++ 62,60 6,91E-02 0,06 0,10 0,01 3 45840051 MCP-1 3p21.31 0,12%
159427342 c g 5,63 1,8E-08 +++ 63,30 6,55E-02 0,31 0,03 0,01 1 159360156 MCP-1 1g23.2 0,05%
11233653 t c 9,73 2,2E-22 -+ 87,20 5,13E-03 0,06 0,15 0,02 17 32639058 MCP-3 17q12 0,26%
186679677 a c 5,63 1,8E-08 ++ 91,40 6,68E-04 0,13 0,06 0,01 1 114303808 MIG 1p13.2 0,08%
19903158 t c -8,00 1,2E-15 - 98,50 1,62E-30 0,04 -0,12 0,02 17 34312337 MIP-1a 17q12 0,11%
1s62140208 a g -6,02 1,7E-09 --- 88,60 1,59E-04 0,42 -0,04 0,01 2 42325560 MIP-1a 2p21 0,06%
157412 t c 5,74 9,4E-09 —++ 70,40 3,41E-02 0,06 0,07 0,01 19 45412079 MIP-la  19q13.32 0,06%
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rs11658282 t c -5,49 4,1E-08 - 82,50 1,68E-02 0,34 -0,05 0,01 17 33483115 MIP-1b 17q12 0,12%
1s34437725 t c -5,53 3,3E-08 - 83,50 1,39E-02 0,96 -0,13 0,02 17 33826785 MIP-1b 17q12 0,14%
1576960253 t c 5,89 3,8E-09 ++ 97,90 6,83E-12 0,02 0,22 0,04 17 34088656 MIP-1b 17q12 0,17%
157217473 t c 7,13 1,0E-12 ++ 65,90 8,66E-02 0,06 0,14 0,02 17 34319064 MIP-1b 17q12 0,21%
1562242542 t c 7,84 4,5E-15 - 98,20 6,54E-14 0,98 -0,29 0,04 3 45169491 MIP-1b 3p21.31 0,32%
1$73089379 c g -9,05 1,4E-19 -- 94,30 2,71E-05 0,92 -0,16 0,02 3 45183414 MIP-1b 3p21.31 0,37%
rs10510748 a g 6,45 1,1E-10 ++ 84,60 1,08E-02 0,90 0,10 0,01 3 46178538 MIP-1b 3p21.31 0,16%
159847395 t c 5,67 1,4E-08 ++ 86,00 7,51E-03 0,44 0,05 0,01 3 46724548 MIP-1b 3p21.31 0,13%
rs10184062 c g 5,48 4,3E-08 +++ 66,50 5,08E-02 0,26 0,04 0,01 2 224867341 PDGFbb 2q36.1 0,05%
152643356 t c 5,82 6,1E-09 +++ 84,10 1,86E-03 0,30 0,04 0,01 15 101971388 PDGFbb 15926.3 0,06%
1302953 t c 5,67 1,5E-08 -+t 86,60 5,75E-04 0,40 0,03 0,01 8 106512481 PDGFbb 8q23.1 0,05%
1385893 t c -5,73 9,9E-09 --- 66,90 4,86E-02 0,44 -0,03 0,01 9 4763176 PDGFbb 9p24.1 0,05%
154674836 a g -6,04 1,6E-09 --- 73,10 2,43E-02 0,35 -0,04 0,01 2 224855511 PDGFbb 2q36.1 0,06%
rs6580980 a g -5,71 1,1E-08 --- 68,40 4,22E-02 0,44 -0,03 0,01 12 54692061 PDGFbb  12q13.13 0,05%
rs12953115 a g 5,64 1,7E-08 -+ 72,40 5,71E-02 0,14 0,06 0,01 17 33797534 RANTES 17q12 0,08%
rs10468017 t c -5,55 2,8E-08 +-- 90,30 3,38E-05 0,31 -0,03 0,01 15 58678512 SCF 15q21.3 0,05%
5112853430 t c 9,01 2,1E-19 M+ 65,50 8,88E-02 0,04 0,15 0,02 9 107585213 SCF 9q31.1 0,15%
rs12053610 a g 6,11 1,0E-09 -+t 84,00 1,90E-03 0,06 0,07 0,01 20 43963739 SCF  20ql13.12 0,06%
rs148773337 a c 8,47 2,4E-17 -+t 90,40 2,92E-05 0,02 0,18 0,02 20 44539057 SCF  20ql13.12 0,11%
rs149890864 t c 6,20 5,5E-10 7+ 92,10 3,59E-04 0,00 0,35 0,06 20 43612904 SCF  20ql13.12 0,08%
rs1585488 t g 6,11 1,0E-09 -+t 74,80 1,90E-02 0,49 0,03 0,01 3 98359663 SCF 3ql2.1 0,06%
12125787 a g -5,53 3,2E-08 +-- 87,70 2,99E-04 0,39 -0,03 0,01 4 87996623 SCF 4q21.3 0,05%
rs2741441 t g 5,89 3,9E-09 —++ 74,70 1,92E-02 0,13 0,05 0,01 20 43979887 SCF  20ql13.12 0,06%
rs28382814 t c -5,87 4,3E-09 --- 69,20 3,89E-02 0,03 -0,10 0,02 16 66971780 SCF 16q22.1 0,06%
15389096 a g -6,16 7,1E-10 +-- 90,70 2,23E-05 0,33 -0,04 0,01 19 54764322 SCF  19q13.42 0,06%
rs4634925 c g -6,45 1,1E-10 --- 86,70 5,58E-04 0,38 -0,04 0,01 1 161189344 SCF 1923.3 0,07%
154846913 a c -5,62 2,0E-08 --- 58,90 8,78E-02 0,39 -0,03 0,01 1 230294715 SCF 1q42.13 0,05%
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1514230 a t -5,49 4,0E-08 +- 87,30 3,82E-04 0,45 -0,03 0,01 1 234858597 SCF 1q42.3 0,05%
1rs6032254 a c 7,66 1,8E-14 -+t 87,80 2,84E-04 0,08 0,08 0,01 20 44132654 SCF  20ql13.12 0,09%
15675849 t c -5,64 1,7E-08 +-- 83,00 2,80E-03 0,12 -0,05 0,01 9 15298666 SCF 9p22.3 0,05%
157304494 t c -6,84 7,7E-12 --- 57,70 9,43E-02 0,32 -0,04 0,01 12 89363909 SCF  12q21.33 0,08%
1854562 t c 6,01 1,8E-09 +++ 59,80 8,33E-02 0,27 0,04 0,01 7 94947969 SCF 7q21.3 0,06%
rs11864191 t c 6,38 5,8E-12 ++ 64,40 9,40E-02 0,08 0,09 0,01 16 545996 SCGF-b 16p13.3 0,12%
1577578935 a g 7,88 3,2E-15 -+ 92,30 3,20E-04 0,03 0,18 0,02 19 50414185 SCGF-b  19q13.33 0,16%
rs80226314 t c 5,72 1,1E-08 -+ 78,60 3,05E-02 0,02 0,14 0,02 19 50829530 SCGF-b  19q13.33 0,08%
1575256967 a g 7,49 7,1E-14 ++ 79,70 2,64E-02 0,01 0,34 0,04 19 50901551 SCGF-b  19q13.33 0,14%
rs144686073 a g 9,89 4,5E-23 ++ 88,10 3,81E-03 0,01 0,39 0,04 19 51053661 SCGF-b  19q13.33 0,25%
rs144724875 t c 6,22 4,8E-10 ++ 95,70 1,56E-06 0,02 0,16 0,03 19 51195936 SCGF-b  19q13.33 0,10%
rs150179248 a t 5,73 9,8E-09 ++ 66,90 8,23E-02 0,02 0,13 0,02 12 103019462 SCGF-b 12g23.2 0,08%
157149169 a g -6,16 7,3E-10 - 69,20 7,16E-02 0,32 -0,05 0,01 14 103833065 SCGF-b  14q32.32 0,10%
rs4981026 a g -6,42 1,4E-10 - 81,50 2,02E-02 0,23 -0,05 0,01 12 104152456 SCGF-b 12q23.3 0,11%
5139133040 c g 7,52 5,5E-14 ++ 79,30 2,80E-02 0,02 0,19 0,03 12 105084960 SCGF-b 12q23.3 0,14%
rs17404060 t c 6,18 6,3E-10 ++ 87,30 5,02E-03 0,12 0,06 0,01 5 115319911 SDF-1a 5q23.1 0,09%
rs180738147 t c 6,38 1,8E-10 ++ 83,20 1,48E-02 0,03 0,13 0,02 10 44925153 SDF-1la  10q11.21 0,09%
152279555 a g 5,64 1,7E-08 -+ 91,30 6,91E-04 0,18 0,05 0,01 10 44476596 SDF-la  10q11.21 0,07%
rs4147990 t c 10,04 1,0E-23 ++ 86,30 6,85E-03 0,06 0,15 0,01 17 66913936 SDF-1a 17q24.2 0,26%
1s72683129 a g -5,89 3,9E-09 - 79,10 2,87E-02 0,13 -0,06 0,01 1 66069781 SDF-1a 1p31.3 0,08%
rs1329424 t g 6,35 2,1E-10 -+ 83,30 1,45E-02 0,40 0,05 0,01 1 196646176 TNF-a 1q31.3 0,10%
1s1329424 t g 8,43 3,3E-17 -+ 93,30 1,16E-04 0,40 0,06 0,01 1 196646176 TNEF-b 1q31.3 0,19%
156542680 t c -5,70 1,2E-08 ++- 95,30 6,81E-10 0,18 -0,04 0,01 2 3640142 TRAIL 2p25.3 0,05%
rs74778900 t c 6,07 1,3E-09 +++ 97,70 8,47E-20 0,01 0,15 0,03 18 28086266 TRAIL 18ql12.1 0,06%
rs140103836 t c -6,51 7,7E-11 -+ 99,20 1,18E-53 0,02 -0,14 0,02 18 28811450 TRAIL 18ql12.1 0,08%
rs117618570 t g -5,88 4,2E-09 --- 98,40 2,73E-28 0,02 -0,13 0,02 18 29008594 TRAIL 18ql12.1 0,06%
rs78186881 a t -5,65 1,6E-08 --- 97,70 9,97E-20 0,06 -0,07 0,01 18 29382112 TRAIL 18ql12.1 0,05%
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152901364 t g -10,13  4,0E-24 -? 99,10 4,23E-26 0,02 -0,36 0,04 18 29569416 TRAIL 18ql12.1 0,51%
rs77121181 a g 6,60 4,0E-11 -+? 98,60 9,80E-17 0,04 0,16 0,02 19 44072655 TRAIL  19q13.31 0,21%
1545505795 c g 591 3,5E-09 +++ 97,00 4,51E-15 0,02 0,12 0,02 14 94756943 TRAIL  14q32.13 0,06%
1s562416 a c -5,68 1,3E-08 --- 91,80 5,26E-06 0,14 -0,05 0,01 3 172161842 TRAIL 3926.31 0,05%
1559724749 a g -7,64 2,1E-14 +-? 98,40 6,25E-15 0,18 -0,09 0,01 3 186408443 TRAIL 3q27.3 0,25%
rs1329424 t g 7,93 2,2E-15 +-+ 96,30 2,11E-12 0,40 0,05 0,01 1 196646176 TRAIL 1q31.3 0,11%
534881325 t c -6,11 1,0E-09 --? 85,50 8,56E-03 0,39 -0,06 0,01 9 2622134 VEGF 9p24.2 0,19%
rs10967571 t c -11,30  1,3E-29 - 83,60 2,25E-03 0,45 -0,07 0,01 9 2694834 VEGF 9p24.2 0,22%
157692 a c -5,46 4,9E-08 +-- 78,20 1,02E-02 0,28 -0,04 0,01 6 43304007 VEGF 6p21.1 0,05%
1s62401205 a c -7,09 1,4E-12 --- 89,20 9,45E-05 0,03 -0,13 0,02 6 43855489 VEGF 6p21.1 0,09%
rs6914863 c g -7,12 1,1E-12 --- 93,10 4,72E-07 0,02 -0,14 0,02 6 43961813 VEGF 6p21.1 0,09%
1s35703624 t c 6,42 1,4E-10 -+t 73,90 2,17E-02 0,03 0,12 0,02 6 43968412 VEGF 6p21.1 0,08%
154746855 a g 5,52 3,4E-08 +++ 68,20 4,29E-02 0,40 0,03 0,01 10 64822828 VEGF 10q921.3 0,05%
1rs302953 t c 6,41 1,4E-10 +++ 89,60 6,78E-05 0,40 0,04 0,01 8 106512481 VEGF 8q23.1 0,07%
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Table A.3. GWAS catalog associations. GWAS catalogue continuous trait variants associated with circulating cytokine concentration within the discovered loci. 13 loci showed

associations with circulating cytokine concentrations in previous GWAS’s.

SNP Trait Trait (details)

186679677 monokine induced by gamma interferon measurement Monokine induced by gamma interferon levels
rs12075 blood protein measurement Serum levels of protein CXCL8

1312075 C-C motif chemokine 7 measurement C-C motif chemokine 7 levels

rs12075 CCLI11 measurement Serum levels of protein CCL11

1312075 CCL2 measurement Inflammatory biomarkers

rs12075 CCL2 measurement Monocyte chemoattractant protein-1 levels
1312075 CCL2 measurement Monocyte chemoattractant protein-1 levels
rs12075 CCL2 measurement Monocyte chemoattractant protein-1 levels
rs12075 CCL2 measurement Monocyte chemoattractant protein-1 levels
rs12075 CCL2 measurement Monocyte chemoattractant protein-1 levels
rs12075 CCL2 measurement Obesity-related traits

rs12075 CCL2 measurement Serum levels of protein CCL2

rs12075 CXCL1 measurement Serum levels of protein CXCL1

12075 eotaxin measurement Eotaxin levels

rs12075 eotaxin measurement Eotaxin levels

12075 eotaxin measurement Eotaxin levels

rs12075 eotaxin measurement Eotaxin levels (CCL11.5301.7.3)

rs12075 growth-regulated alpha protein measurement Growth-regulated protein alpha levels
rs12075 interleukin-8 measurement Interleukin-8 levels

rs12075 level of C-C motif chemokine 2 in blood serum Monocyte chemoattractant protein-1 levels
rs12075 level of growth-regulated alpha protein in blood serum C-X-C motif chemokine 1 levels

1rs6542680 interleukin-1 beta measurement Interleukin-1 beta levels

1s6542680 macrophage colony-stimulating factor 1 measurement Macrophage colony-stimulating factor 1 levels
1862242542 macrophage inflammatory protein 1b measurement Macrophage inflammatory protein 1b levels

rs79815064

C-C motif chemokine 3 measurement

C-C motif chemokine 3 levels
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rs79815064 macrophage inflammatory protein 1b measurement Macrophage inflammatory protein 1b levels
1s80136777 CCL4 measurement CCLA4 levels
rs1354034 lymphotoxin-alpha measurement Lymphotoxin-alpha levels
rs1354034 protein measurement Acidic fibroblast growth factor intracellular-binding protein levels
fibroblast growth factor basic measurement,granulocyte colony-stimulating factor
measurement,interferon gamma measurement,interleukin 10 measurement,interleukin 12
156993770 measurement,interleukin 17 measurement,interleukin 4 measurement,interleukin-6 Cytokine network levels (multivariate analysis)
measurement,platelet-derived growth factor BB measurement,stromal cell-derived factor 1 alpha
measurement,vascular endothelial growth factor measurement
156993770 platelet-derived growth factor subunit b measurement Platelet-derived growth factor subunit B levels (PDGFB.4149.8.2)
rs6993770 protein measurement Isoform L-VEGF165 levels
156993770 vascular endothelial growth factor A measurement Serum levels of protein VEGFA
rs6993770 vascular endothelial growth factor A measurement Vascular endothelial growth factor A levels
156993770 vascular endothelial growth factor A measurement Vascular endothelial growth factor A levels
rs6993770 vascular endothelial growth factor A, isoform 121 measurement Vascular endothelial growth factor A, isoform 121 levels
186993770 vascular endothelial growth factor measurement Vascular endothelial growth factor levels
rs6993770 vascular endothelial growth factor measurement Vascular endothelial growth factor levels
156993770 vascular endothelial growth factor measurement Vascular endothelial growth factor levels
rs34881325 vascular endothelial growth factor A measurement Serum levels of protein VEGFA
1s34881325 vascular endothelial growth factor A measurement Serum levels of protein VEGFA
rs34881325 vascular endothelial growth factor measurement Vascular endothelial growth factor levels
1575071241 macrophage colony-stimulating factor 1 receptor measurement Macrophage colony-stimulating factor 1 receptor levels
rs3184504 C-C motif chemokine 3 measurement C-C motif chemokine 3 levels
rs3184504 C-X-C motif chemokine 10 measurement C-X-C motif chemokine 10 levels
rs3184504 C-X-C motif chemokine 9 measurement C-X-C motif chemokine 9 levels
rs3184504 protein measurement Fibroblast growth factor-binding protein 1 levels
rs3184504 tumor necrosis factor measurement Tumor necrosis factor levels
1s7310615 lymphotoxin-alpha measurement TNF-beta levels
rs7310615 lymphotoxin-alpha measurement TNEF-beta levels
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rs7310615 lymphotoxin-alpha measurement TNF-beta levels
187217473 blood protein measurement Serum levels of protein CCL4L1
1s76960253 macrophage inflammatory protein 1b measurement Macrophage inflammatory protein 1b levels
15117618570 TNF-related apoptosis-inducing ligand measurement TRAIL levels
rs74778900 TNF-related apoptosis-inducing ligand measurement TRAIL levels
187412 blood protein measurement Serum levels of protein IFI16
rs62143194 interleukin 1 receptor antagonist measurement Interleukin-1-receptor antagonist levels
1562143194 interleukin 1 receptor antagonist measurement Interleukin-1-receptor antagonist levels
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Table A.4. MAGMA functional analysis. Results from MAGMA gene-based analysis showing 829 sig-
nificant associations with the levels of circulating cytokines. MAGMA mapped 626 uniquely genes, each

associated with at least one cytokine.

Cytokine Z-score  P-value g/?nlzocl HGNC description

CTACK 6,09 5,70E-10 CFH complement factor H [HGNC id: 4883]

Eotaxin 4,72 1,16E-06 BCL2Al BCL2-related protein Al [HGNC id: 991]

Eotaxin 6,79 5,68E-12 CCR3 chemokine (C-C motif) receptor 3 [HGNC id: 1604]

Eotaxin 5,46 241E-08 CCRS chemokine (C-C motif) receptor 5 (gene/pseudogene) [HGNC id: 1606]
Eotaxin 7,64 1,12E-14 ACKR2 atypical chemokine receptor 2 [HGNC id: 1565]

Eotaxin 6.11 500E-10 CYPSBI ;}ét;;]hrome P450, family 8, subfamily B, polypeptide 1 [HGNC id:
Eotaxin 502 255607 CYP21A2 ;}ét(;)(;:]hrome P450, family 21, subfamily A, polypeptide 2 [HGNC id:
Eotaxin 7,42  5,72E-14 DARC Duffy blood group, atypical chemokine receptor [HGNC id: 4035]
Eotaxin 7,39 7,17E-14 HIP1 huntingtin interacting protein 1 [HGNC id: 4913]

Eotaxin 5,84 2,64E-09 POR P450 (cytochrome) oxidoreductase [HGNC id: 9208]

Eotaxin 5,39  3,62E-08 CCL2 chemokine (C-C motif) ligand 2 [HGNC id: 10618]

Eotaxin 6,29 1,61E-10 CCL7 chemokine (C-C motif) ligand 7 [HGNC id: 10634]

Eotaxin 8,26 7,54E-17 CCLI11 chemokine (C-C motif) ligand 11 [HGNC id: 10610]

Eotaxin 6,72 8,93E-12 CCL24 chemokine (C-C motif) ligand 24 [HGNC id: 10623]

Eotaxin 7,04 9,37E-13 VIPRI1 vasoactive intestinal peptide receptor 1 [HGNC id: 12694]

Eotaxin 5,60 1,05E-08 CCRL2 chemokine (C-C motif) receptor-like 2 [HGNC id: 1612]

Fotaxin 537 3.89E-08 SEC22C ?]65;32282] vesicle trafficking protein homolog C (S. cerevisiae) [HGNC id:
Eotaxin 5,69 6,51E-09 CCL26 chemokine (C-C motif) ligand 26 [HGNC id: 10625]

Eotaxin 6,58 2,41E-11 CXCR6 chemokine (C-X-C motif) receptor 6 [HGNC id: 16647]

Eotaxin 5,36  4,19E-08 CCR9 chemokine (C-C motif) receptor 9 [HGNC id: 1610]

Eotaxin 5,78  3,71E-09 ZFP30 ZFP30 zinc finger protein [HGNC id: 29555]

Eotaxin 6,11 5,00E-10 HIGDIA HIGI hypoxia inducible domain family, member 1A [HGNC id: 29527]
Eotaxin 484 638E-07 SSISL2 isg:ni);/;e;l;iarcoma translocation gene on chromosome 18-like 2 [HGNC
Eotaxin 6,12  4,74E-10 ZNF571 zinc finger protein 571 [HGNC id: 25000]

Eotaxin 7,76  4,22E-15 LZTFL1 leucine zipper transcription factor-like 1 [HGNC id: 6741]

Eotaxin 495 3,64E-07 RHBDD2 rhomboid domain containing 2 [HGNC id: 23082]

Eotaxin 7,92 1,18E-15 HHATL hedgehog acyltransferase-like [HGNC id: 13242]

Eotaxin 497 3,40E-07 CADM3 cell adhesion molecule 3 [HGNC id: 17601]

Eotaxin 5,52 1,70E-08 CDCP1 CUB domain containing protein 1 [HGNC id: 24357]

Eotaxin 7,32 1,22E-13 FYCOIl FYVE and coiled-coil domain containing 1 [HGNC id: 14673]
Eotaxin 5,60 1,06E-08 WDR&7 WD repeat domain 87 [HGNC id: 29934]

Eotaxin 6,13  4,52E-10 ZNF527 zinc finger protein 527 [HGNC id: 29385]

Eotaxin 5,95  1,34E-09 ZNF607 zinc finger protein 607 [HGNC id: 28192]

Eotaxin 727 180E-13 POMGNT2 F;{octg\llnc (3(—1111211;8((1) 2rglannose N-acetylglucosaminyltransferase 2 (beta 1,4-)
Eotaxin 4,90 4,71E-07 ZNF585B zinc finger protein 585B [HGNC id: 30948]

Eotaxin 6,60 2,05E-11 ZBTB47 zinc finger and BTB domain containing 47 [HGNC id: 26955]

Eotaxin 527 6,82E-08 RDHI3 retinol dehydrogenase 13 (all-trans/9-cis) [HGNC id: 19978]

Eotaxin 5,88 2,06E-09 ZNF573 zinc finger protein 573 [HGNC id: 26420]

Eotaxin 7,95 9,38E-16 KLHLA40 kelch-like family member 40 [HGNC id: 30372]

Eotaxin 6,08 5,95E-10 ZNF569 zinc finger protein 569 [HGNC id: 24737]

Eotaxin 591 1,68E-09 ZNF570 zinc finger protein 570 [HGNC id: 26416]
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Eotaxin 6,94 1,95E-12 CCDCI13 coiled-coil domain containing 13 [HGNC id: 26358]
Eotaxin 5,80 3,32E-09 ZNF781 zinc finger protein 781 [HGNC id: 26745]
Eotaxin 6,15 3,85E-10 ZNF540 zinc finger protein 540 [HGNC id: 25331]
Eotaxin 4,71  1,23E-06 ZNF585A zinc finger protein 585A [HGNC id: 26305]
Eotaxin 6,04 7,90E-10 HKRI1 HKR1, GLI-Kruppel zinc finger family member [HGNC id: 4928]
Eotaxin 5,41  3,10E-08 ZNF662 zinc finger protein 662 [HGNC id: 31930]
Eotaxin 6,60 2,02E-11 ZNF793 zinc finger protein 793 [HGNC id: 33115]
Eotaxin 6,11 5,00E-10 FAMI98A family with sequence similarity 198, member A [HGNC id: 24485]
Eotaxin 7,06 8,22E-13 CCR2 chemokine (C-C motif) receptor 2 [HGNC id: 1603]
Eotaxin 5,23  8,63E-08 n/a n/a
Eotaxin 5,11 1,61E-07 KRBOXI1 KRAB box domain containing 1 [HGNC id: 38708]
FGF-b 5,86 2,30E-09 CCNA2 cyclin A2 [HGNC id: 1578]
FGF-b 8,24 8,42E-17 FGF2 fibroblast growth factor 2 (basic) [HGNC id: 3676]
FGF-b 6,16 3,68E-10 IL2 interleukin 2 [HGNC id: 6001]
FGF-b 5,15 1,31E-07 EXOSC9 exosome component 9 [HGNC id: 9137]
FGF-b 714 467E-13 TRPC3 Eﬁrcl}s;;:gtizclegggg §>0tentlal cation channel, subfamily C, member 3
FGF-b 623 232E-10 SPRYI ?;;rzoglgtil homolog 1, antagonist of FGF signaling (Drosophila) [HGNC id:
FGF-b 6,52 3,63E-11 PRDMS PR domain containing 5 [HGNC id: 9349]
FGF-b 611 S00E-10 NUDT6 23213)3 (nucleoside diphosphate linked moiety X)-type motif 6 [HGNC id:
FGF-b 6,21 2,70E-10 BBS7 Bardet-Biedl syndrome 7 [HGNC id: 18758]
FGF-b 6,11 5,00E-10 IL21 interleukin 21 [HGNC id: 6005]
FGF-b 8,02 5,10E-16 KIAA1109  KIAA1109 [HGNC id: 26953]
FGF-b 6,34 1,17E-10  TMEMI155 transmembrane protein 155 [HGNC id: 26418]
FGE-b 770 7.04E-15 ADADI z;((i)c;r;(;ime deaminase domain containing 1 (testis-specific) [HGNC id:
FGF-b 8,45 147E-17 SPATAS spermatogenesis associated 5 [HGNC id: 18119]
FGF-b 6,21 2,57E-10 BBSI2 Bardet-Biedl syndrome 12 [HGNC id: 26648]
FGF-b 4,87 5,54E-07 SYNPO2 synaptopodin 2 [HGNC id: 17732]
G-CSF 7,90 1,43E-15 APOCI1 apolipoprotein C-I [HGNC id: 607]
G-CSF 8,04 4,52E-16 APOC2 apolipoprotein C-II [HGNC id: 609]
G-CSF 6,11 5,00E-10 APOC4 apolipoprotein C-IV [HGNC id: 611]
G-CSF 7,99 6,54E-16 APOE apolipoprotein E [HGNC id: 613]
G-CSF 7,31 1,34E-13 BCHE butyrylcholinesterase [HGNC id: 983]
G-CSF 7,70  6,99E-15 BCL3 B-cell CLL/lymphoma 3 [HGNC id: 998]
G-CSF 6,22 247E-10 CKM creatine kinase, muscle [HGNC id: 1994]
G-CSF 7,53  2,57E-14 CLPTMI1 cleft lip and palate associated transmembrane protein 1 [HGNC id: 2087]
G-CSF 493 4,05E-07 CSF3R colony stimulating factor 3 receptor (granulocyte) [HGNC id: 2439]
excision repair cross-complementing rodent repair deficiency,
G-CSF 6,11 5,00E-10 ERCC1 complementation group 1 (includes overlapping antisense sequence)
[HGNC id: 3433]
G-CSF 7,33 1,17E-13 FOSB FBJ murine osteosarcoma viral oncogene homolog B [HGNC id: 3797]
G-CSF 4,99 3,10E-07 GIPR gastric inhibitory polypeptide receptor [HGNC id: 4271]
o2 sowos Kowe Posium el ot ol acvted el
G-CSF 4,82 7,35E-07 PSGl pregnancy specific beta-1-glycoprotein 1 [HGNC id: 9514]
G-CSF 4,81 7,48E-07 PSG6 pregnancy specific beta-1-glycoprotein 6 [HGNC id: 9523]
G-CSF 548 2.18E-08 PSG7 pregnancy specific beta-1-glycoprotein 7 (gene/pseudogene) [HGNC id:

9524]
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G-CSF 462 190E-06 PSMD3 {)5?t9&:5a6sg]rne (prosome, macropain) 26S subunit, non-ATPase, 3 [HGNC
G-CSF 6,99 1,40E-12 PVR poliovirus receptor [HGNC id: 9705]
G-CSF 731 131E-13 PVRL2 g(;g;)]wrus receptor-related 2 (herpesvirus entry mediator B) [HGNC id:
G-CSF 611 500E-10 RELB ;/:)rSeé ]av1an reticuloendotheliosis viral oncogene homolog B [HGNC id:
G-CSF 539 3,54E-08 RTN2 reticulon 2 [HGNC id: 10468]
G-CSF 595 1,37E-09 VASP vasodilator-stimulated phosphoprotein [HGNC id: 12652]
G-CSF 481 740E-07 MED24 mediator complex subunit 24 [HGNC id: 22963]
G-CSF 611 5.00E-10 TOMMA40 Egr(l}s;]()éaize: (l)g (())(L)ltle]r mitochondrial membrane 40 homolog (yeast)
G-CSF 6,33 1,21E-10 PPPIRI3L protein phosphatase 1, regulatory subunit 13 like [HGNC id: 18838]
G-CSF 7,35 1,03E-13 CLASRP CLK4-associating serine/arginine rich protein [HGNC id: 17731]
G-CSF 4,61 1,98E-06 FBXO046 F-box protein 46 [HGNC id: 25069]
G-CSF 5,15  1,27E-07 STRN4 striatin, calmodulin binding protein 4 [HGNC id: 15721]
G-CSF 590 1,87E-09 QPCTL glutaminyl-peptide cyclotransferase-like [HGNC id: 25952]
G-CSF 7,70  6,94E-15 TRAPPC6A trafficking protein particle complex 6A [HGNC id: 23069]
G-CSF 7,87 1,71E-15 GEMIN7 gem (nuclear organelle) associated protein 7 [HGNC id: 20045]
G-CSF 6,95 1,83E-12 EXOC3L2 exocyst complex component 3-like 2 [HGNC id: 30162]
G-CSF 5,18 1,10E-07 n/a n/a
G-CSF 464 172E-06 PPMIN gg(;t:;r]l phosphatase, Mg2+/Mn2+ dependent, IN (putative) [HGNC id:
G-CSF 5,66 7,59E-09 IGSF23 immunoglobulin superfamily, member 23 [HGNC id: 40040]
G-CSF 4,82 7,01E-07 ZNF420 zinc finger protein 420 [HGNC id: 20649]
G-CSF 6,87 3,14E-12 ZNF296 zinc finger protein 296 [HGNC id: 15981]
G-CSF 4,76 9,72E-07 ZNF283 zinc finger protein 283 [HGNC id: 13077]
G-CSF 7,00 1,24E-12 PPPIR37 protein phosphatase 1, regulatory subunit 37 [HGNC id: 27607]
G-CSF 7,94 1,03E-15 NKPDI NTPase, KAP family P-loop domain containing 1 [HGNC id: 24739]
G-CSF 697 162E-12 BLOCIS3 t2>z)09g1e4n]651s of lysosomal organelles complex-1, subunit 3 [HGNC id:
GROa 741 6,47E-14 AFM afamin [HGNC id: 316]
GROa 6,11 5,00E-10 AFP alpha-fetoprotein [HGNC id: 317]
GROa 6,99 1,35E-12 ALB albumin [HGNC id: 399]
GROa 5,75  4,52E-09 AMBN ameloblastin (enamel matrix protein) [HGNC id: 452]
GROa 5,01  2,69E-07 CSNISI casein alpha s1 [HGNC id: 2445]
GROa 4,62 1,90E-06 EPHAS EPH receptor A5 [HGNC id: 3389]
GROa 6,93 2,13E-12 EREG epiregulin [HGNC id: 3443]
GROa 5,07 1,95E-07 GC group-specific component (vitamin D binding protein) [HGNC id: 4187]
GROa 611 S00E-10 CXCLI Zggr\rfli(t)}liizlepgl(;;T]_{% rlill(étiit()i:lii%lzd] 1 (melanoma growth stimulating
GROa 6,94 2,00E-12 CXCL2 chemokine (C-X-C motif) ligand 2 [HGNC id: 4603]
GROa 7,33 1,16E-13 CXCL3 chemokine (C-X-C motif) ligand 3 [HGNC id: 4604]
GROa 4,62 1,87E-06 CFH complement factor H [HGNC id: 4883]
GROa 6,22 2,56E-10 HTNI1 histatin 1 [HGNC id: 5283]
GROa 5,05 2,21E-07 HTN3 histatin 3 [HGNC id: 5284]
GROa 6,11 5,00E-10 PF4 platelet factor 4 [HGNC id: 8861]
GROa 6,11 5,00E-10 PF4V1 platelet factor 4 variant 1 [HGNC id: 8862]
GROa 768 7.73E-15 PPEF2 g;(zfj]m phosphatase, EF-hand calcium binding domain 2 [HGNC id:
GROa 611 SO00E-10 PPBP pro-platelet basic protein (chemokine (C-X-C motif) ligand 7) [HGNC

id: 9240]
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GROa 6,51 3,81E-11 CXCL5 chemokine (C-X-C motif) ligand 5 [HGNC id: 10642]
GROa 6,71 9,66E-12 STATH statherin [HGNC id: 11369]
GROa 5.86 226E-09 SULTIEI ?lil3f(7)t7r]ansferase family 1E, estrogen-preferring, member 1 [HGNC id:
GROa 728 1.63E-13 SLC4A4 ?[O—IhCl}t]S] éairé:elrlf(z)i;nol]ly 4 (sodium bicarbonate cotransporter), member 4
GROa 923 132E-20 ADAMTS3 ﬁjDzAf;/[] metallopeptidase with thrombospondin type 1 motif, 3 [HGNC
GROa 5,82  3,00E-09 CXCLI13 chemokine (C-X-C motif) ligand 13 [HGNC id: 10639]
GROa 5,50 1,85E-08 SMR3B submaxillary gland androgen regulated protein 3B [HGNC id: 17326]
GROa 4,79  8,28E-07 PARMI prostate androgen-regulated mucin-like protein 1 [HGNC id: 24536]
GROa 480 $.10E-07 RCHYI lr)lrr:)gtefiirrllie;azzd[ I({Zélg Cziréc {i;lf;;]domam containing 1, E3 ubiquitin
GROa 7,28 1,70E-13 ANKRDI17 ankyrin repeat domain 17 [HGNC id: 23575]
GROa 5,08 1,86E-07 TMPRSSIIE transmembrane protease, serine 1 1E [HGNC id: 24465]
GROa 7,28 1,72E-13 NRBF2 nuclear receptor binding factor 2 [HGNC id: 19692]
GROa 535 4,51E-08 SDADI SDA1 domain containing 1 [HGNC id: 25537]
GROa 4,66 1,56E-06 CADM3 cell adhesion molecule 3 [HGNC id: 17601]
GROa 4,92  441E-07 CSRNPI cysteine-serine-rich nuclear protein 1 [HGNC id: 14300]
GROa 5,71 5,57E-09 FRASI Fraser syndrome 1 [HGNC id: 19185]
GROa 5,39 3,52E-08 THAP6 THAP domain containing 6 [HGNC id: 23189]
GROa 5,55 1,44E-08 C4orf26 chromosome 4 open reading frame 26 [HGNC id: 26300]
GROa 807 3.58E-16 RASSF6 2R(z)1;936s]5001at10n (RalGDS/AF-6) domain family member 6 [HGNC id:
GROa 5,02  2,62E-07 TTC21A tetratricopeptide repeat domain 21 A [HGNC id: 30761]
GROa 7,50 3,27E-14 REEP3 receptor accessory protein 3 [HGNC id: 23711]
GROa 7,62 1,28E-14 JMIDIC jumonji domain containing 1C [HGNC id: 12313]
GROa 7,93 1,12E-15 EPGN epithelial mitogen [HGNC id: 17470]
GROa 793 1,11E-15 COXI18 COX18 cytochrome C oxidase assembly factor [HGNC id: 26801]
GROa 787 182E-15 MTHFD2L Er}l{eglglllcer;zt:egrla;lg%rofolate dehydrogenase (NADP+ dependent) 2-like
GROa 5,73 5,10E-09 FAMA47E family with sequence similarity 47, member E [HGNC id: 34343]
HGF 611 500E-10 HGF ligge;t]ocyte growth factor (hepapoietin A; scatter factor) [HGNC id:
HGF 6,11 5,00E-10 HGFAC HGF activator [HGNC id: 4894]
HGF 4,95 3,70E-07 HIP1 huntingtin interacting protein 1 [HGNC id: 4913]
HGF 477 934E-07 LRPAPI 1[(1){\% dNeélsilgél;)(;)ﬁrotem receptor-related protein associated protein 1
HGF 7,01  1,19E-12 P2RY2 purinergic receptor P2Y, G-protein coupled, 2 [HGNC id: 8541]
HGF 4,75 1,02E-06 PCSK6 proprotein convertase subtilisin/kexin type 6 [HGNC id: 8569]
HGF 583 2.81E-09 PSMD3 ?5:0;65365(())]me (prosome, macropain) 26S subunit, non-ATPase, 3 [HGNC
HGF 6,06 6,74E-10 RGSI12 regulator of G-protein signaling 12 [HGNC id: 9994]
HGF 5,83  2,76E-09 MED24 mediator complex subunit 24 [HGNC id: 22963]
HGF 4,86 597E-07 GSDMA gasdermin A [HGNC id: 13311]
HGF 7,46 4,37E-14 DOK7 docking protein 7 [HGNC id: 26594]
IFN-g 6,48 4,68E-11 BCHE butyrylcholinesterase [HGNC id: 983]
IFN-g 6,11 5,00E-10 CFB complement factor B [HGNC id: 1037]
IFN-g 7,53 2,51E-14 C2 complement component 2 [HGNC id: 1248]
IFN-g 6,35 1,10E-10 C4A complement component 4A (Rodgers blood group) [HGNC id: 1323]
IFN-g 561 9.94E-09 CYP21A2 ;?(;)(;;]hrome P450, family 21, subfamily A, polypeptide 2 [HGNC id:

IFN-g 5,04 239E-07 DXO decapping exoribonuclease [HGNC id: 2992]
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IFN-g 7,35 9,88E-14 F13B coagulation factor XIII, B polypeptide [HGNC id: 3534]
IFN-g 8,19 1,34E-16 CFH complement factor H [HGNC id: 4883]
IFN-g 7,80 3,00E-15 CFHRI1 complement factor H-related 1 [HGNC id: 4888]
IFN-g 6,11 5,00E-10 CFHR2 complement factor H-related 2 [HGNC id: 4890]
IFN-g 5,20 1,02E-07 MICB MHC class I polypeptide-related sequence B [HGNC id: 7091]
IFN-g 7,90 143E-15 SKIV2L superkiller viralicidic activity 2-like (S. cerevisiae) [HGNC id: 10898]
IFN-g 6,91 244E-12 TNXB tenascin XB [HGNC id: 11976]
IFN-g 5,77 4,01E-09 VARS valyl-tRNA synthetase [HGNC id: 12651]
IFN-g 7,26  1,89E-13 NELFE negative elongation factor complex member E [HGNC id: 13974]
IFN-g 7,99 6,80E-16 STKI19 serine/threonine kinase 19 [HGNC id: 11398]
IFN-g 6,11 5,00E-10 CFHR4 complement factor H-related 4 [HGNC id: 16979]
IFN-g 7,80 3,04E-15 CFHR3 complement factor H-related 3 [HGNC id: 16980]
IFN-g 7,10 6,27E-13 CRBI crumbs homolog 1 (Drosophila) [HGNC id: 2343]
IFN-g 7,75 4,59E-15 CFHRS5 complement factor H-related 5 [HGNC id: 24668]
IFN-g 611 485E-10 ASPM ?I?Ip G(;tél?;nla; ()s‘[:ér]ldle) homolog, microcephaly associated (Drosophila)
IFN-g 6,30 1,52E-10 ZBTB41 zinc finger and BTB domain containing 41 [HGNC id: 24819]
IFN-g 5,12 1,56E-07 MUC21 mucin 21, cell surface associated [HGNC id: 21661]
IFN-g 4,56 2,57E-06 MUC22 mucin 22 [HGNC id: 39755]
IL-10 6,43 6,24E-11 CFH complement factor H [HGNC id: 4883]
IL-13 6,24 2,17E-10 F13B coagulation factor XIII, B polypeptide [HGNC id: 3534]
IL-13 7,92 1,16E-15 CFH complement factor H [HGNC id: 4883]
IL-13 7,70  6,69E-15 CFHRI1 complement factor H-related 1 [HGNC id: 4888]
IL-13 7,28 1,61E-13 CFHR2 complement factor H-related 2 [HGNC id: 4890]
IL-13 7,94 9,95E-16 CFHR4 complement factor H-related 4 [HGNC id: 16979]
IL-13 7,95 9,29E-16 CFHR3 complement factor H-related 3 [HGNC id: 16980]
IL-13 5,88 2,02E-09 CRBI crumbs homolog 1 (Drosophila) [HGNC id: 2343]
IL-13 7,28 1,65E-13 CFHRS5 complement factor H-related 5 [HGNC id: 24668]
IL-13 516 124E-07 ASPM e[l;lp G(Ie\llléli)émlagl Osggr]ldle) homolog, microcephaly associated (Drosophila)
IL-13 5,00 281E-07 ZBTB4l zinc finger and BTB domain containing 41 [HGNC id: 24819]
IL-16 5,04 228E-07 HLA-DRA major histocompatibility complex, class II, DR alpha [HGNC id: 4947]
IL-16 6,91 2,40E-12 IL16 interleukin 16 [HGNC id: 5980]
IL-16 4,62 196E-06 LTA lymphotoxin alpha [HGNC id: 6709]
IL-16 7,52 2,69E-14 NINJ1 ninjurin 1 [HGNC id: 7824]
1L-16 5,47 226E-08 NTRK3 neurotrophic tyrosine kinase, receptor, type 3 [HGNC id: 8033]
IL-16 14,13 1,26E-45 RPS17 ribosomal protein S17 [HGNC id: 10397]
IL-16 8,70 1,61E-18 SH3GL3 SH3-domain GRB2-like 3 [HGNC id: 10832]
IL-16 462 191E-06 TLE3 Eﬁ?}sﬁlgig_lﬁz ;gﬁlancer of split 3 (E(sp1) homolog, Drosophila)
1IL-16 6,90 2,65E-12 AP3B2 adaptor-related protein complex 3, beta 2 subunit [HGNC id: 567]
IL-16 701 120E-12 SLC28AI ?[O—IhCl}t]S] éairé:elrlf(z)i(r)nll]ly 28 (concentrative nucleoside transporter), member 1
IL-16 4,67 149E-06 ARNT2 aryl-hydrocarbon receptor nuclear translocator 2 [HGNC id: 16876]
L-16 571 5.64E-09 MTHFS z;lc(l)(—)r_rllie;l:;y[lstcr}?\lllgdigf;)zlté;t;]synthetase (5-formyltetrahydrofolate
IL-16 4,73 1,14E-06 FAMI120A family with sequence similarity 120A [HGNC id: 13247]
IL-16 5,37 4,02E-08 BTBDI BTB (POZ) domain containing 1 [HGNC id: 1120]
IL-16 539 3,62E-08 ADAMTSL3 ADAMTS-like 3 [HGNC id: 14633]
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IL-16 8,44 1,53E-17 KIAA1199  KIAA1199 [HGNC id: 29213]
IL-16 771 623E-15 CPEBI ;}llt;)fi?smlc polyadenylation element binding protein 1 [HGNC id:
1IL-16 5,36 4,05E-08 WNK2 WNK lysine deficient protein kinase 2 [HGNC id: 14542]
L-16 740 6.66E-14 EFTUDI ;1507118g;1]t10n factor Tu GTP binding domain containing 1 [HGNC id:
IL-16 4,95  3,69E-07 Co6orf25 chromosome 6 open reading frame 25 [HGNC id: 13937]
IL-16 4,69 1,34E-06 LY6G6C lymphocyte antigen 6 complex, locus G6C [HGNC id: 13936]
IL-16 611 S00E-10 STARDS ?ggg(s—]related lipid transfer (START) domain containing 5 [HGNC id:
1IL-16 6,13 4,43E-10 MEX3B mex-3 RNA binding family member B [HGNC id: 25297]
IL-16 4,87 5,49E-07 NLRP12 NLR family, pyrin domain containing 12 [HGNC id: 22938]
IL-16 5,57 1,25E-08 AGBLI ATP/GTP binding protein-like 1 [HGNC id: 26504]
IL-16 6,36 1,04E-10 Cl5orf26 chromosome 15 open reading frame 26 [HGNC id: 26782]
IL-16 6,75 7,22E-12 FAMI154B family with sequence similarity 154, member B [HGNC id: 33727]
1L-16 7,58 1,78E-14 TMC3 transmembrane channel-like 3 [HGNC id: 22995]
IL-16 4,99 3,07E-07 E/IT"I%I(;FS ST20-MTHFS readthrough [HGNC id: 44655]
1L-17 5,78 3,79E-09 CFH complement factor H [HGNC id: 4883]
IL-17 4,77  9,15E-07 NELFE negative elongation factor complex member E [HGNC id: 13974]
1L-17 4,63 1,79E-06 STKI19 serine/threonine kinase 19 [HGNC id: 11398]
IL-18 5,57 1,29E-08 CCNBI cyclin B1 [HGNC id: 1579]
IL-18 5,79 3,57E-09 CDK7 cyclin-dependent kinase 7 [HGNC id: 1778]
IL-18 499 2.98E-07 EEFID gzléﬁgzt;cp;r(iﬁrlsn[g Ge;;)(lj‘l%zflgglf?i:tor 1 delta (guanine nucleotide
IL-18 4,57 2,46E-06 CFH complement factor H [HGNC id: 4883]
1L-18 6,11 5,00E-10 ILI18 interleukin 18 (interferon-gamma-inducing factor) [HGNC id: 5986]
IL-18 6,86  3,35E-12 SPAST spastin [HGNC id: 11233]
IL-18 7,79 3,24E-15 n/a n/a
IL-18 4,85 6,29E-07 TCF19 transcription factor 19 [HGNC id: 11629]
IL-18 6,78 5,94E-12 XDH xanthine dehydrogenase [HGNC id: 12805]
IL-18 492 441E-07 ZC3H3 zinc finger CCCH-type containing 3 [HGNC id: 28972]
IL-18 6,70 1,04E-11 MEMOI mediator of cell motility 1 [HGNC id: 14014]
IL-18 5,53 1,61E-08 TTC27 tetratricopeptide repeat domain 27 [HGNC id: 25986]
IL-18 6,11 5,00E-10 SLC30A6 solute carrier family 30 (zinc transporter), member 6 [HGNC id: 19305]
IL-18 7,32 1,24E-13 TEXI12 testis expressed 12 [HGNC id: 11734]
IL-18 6,92 229E-12 BIRC6 baculoviral IAP repeat containing 6 [HGNC id: 13516]
IL-18 6,11 5,00E-10 NLRC4 NLR family, CARD domain containing 4 [HGNC id: 16412]
IL-18 5,75 4,36E-09 CENPH centromere protein H [HGNC id: 17268]
IL-18 6,89 2,79E-12 GSDMD gasdermin D [HGNC id: 25697]
IL-18 6,11 5,00E-10 BCO2 beta-carotene oxygenase 2 [HGNC id: 18503]
IL-18 7,96 8,65E-16 YIPF4 Yipl domain family, member 4 [HGNC id: 28145]
IL-18 7,12 5,40E-13 DPY30 dpy-30 homolog (C. elegans) [HGNC id: 24590]
IL-18 5,67 7,04E-09 TIGDS tigger transposable element derived 5 [HGNC id: 18336]
IL-18 7,62 1,23E-14 NLRPI2 NLR family, pyrin domain containing 12 [HGNC id: 22938]
IL-18 5,38  3,68E-08 MRPS36 mitochondrial ribosomal protein S36 [HGNC id: 16631]
IL-18 702 1,15E-12 NAPRTI gg:stgiate phosphoribosyltransferase domain containing 1 [HGNC id:
1L-18 4,58 2,33E-06 FAM117B family with sequence similarity 117, member B [HGNC id: 14440]
IL-18 4,95 3,63E-07 PSORSIC1  Psoriasis susceptibility 1 candidate 1 [HGNC id: 17202]
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1L-18 6,95 1,83E-12 MROH6 maestro heat-like repeat family member 6 [HGNC id: 27814]
IL-1B 6,11 5,00E-10 RPS7 ribosomal protein S7 [HGNC id: 10440]
IL-1B 4,72 1,21E-06 DDX42 DEAD (Asp-Glu-Ala-Asp) box helicase 42 [HGNC id: 18676]
IL-1B 4,98 3,13E-07 TRAPPCI2 trafficking protein particle complex 12 [HGNC id: 24284]
IL-1B 4,75 1,03E-06 CCDC47 coiled-coil domain containing 47 [HGNC id: 24856]
IL-1B 6,21 2,66E-10 COLECI11 collectin sub-family member 11 [HGNC id: 17213]
IL-1B 4,69 1,35E-06 STRADA STE20-related kinase adaptor alpha [HGNC id: 30172]
IL-1B 4,68 1,42E-06 FTSJ3 FtsJ homolog 3 (E. coli) [HGNC id: 17136]
IL-1B 7,95 9,20E-16 RNASEHI1 ribonuclease HI [HGNC id: 18466]
IL-1B 4,61 2,01E-06 DCDC2C doublecortin domain containing 2C [HGNC id: 32696]
IL-1ra 4,81 7,770E-07 APOE apolipoprotein E [HGNC id: 613]
IL-1ra 7,50 3,24E-14 IL1B interleukin 1, beta [HGNC id: 5992]
IL-1ra 7,18 3,46E-13 ILIRN interleukin 1 receptor antagonist [HGNC id: 6000]
IL-1ra 8,39 244E-17 PAX8 paired box 8 [HGNC id: 8622]
IL-1ra 7,62 1,28E-14 PSD4 pleckstrin and Sec7 domain containing 4 [HGNC id: 19096]
IL-1ra 7,84  223E-15 IL36RN interleukin 36 receptor antagonist [HGNC id: 15561]
IL-1ra 7,32  1,26E-13 IL36B interleukin 36, beta [HGNC id: 15564]
IL-1ra 7,88  1,70E-15 IL37 interleukin 37 [HGNC id: 15563]
IL-1ra 6,11 5,00E-10 IL36A interleukin 36, alpha [HGNC id: 15562]
IL-1ra 6,11 5,00E-10 IL36G interleukin 36, gamma [HGNC id: 15741]
IL-1ra 5,81 3,05E-09 POLRIB polymerase (RNA) I polypeptide B, 128kDa [HGNC id: 20454]
IL-1ra 6,11 5,00E-10 IL1F10 interleukin 1 family, member 10 (theta) [HGNC id: 15552]
IL-1ra 6,44 5,96E-11 NLRPI2 NLR family, pyrin domain containing 12 [HGNC id: 22938]
IL-1ra 7,13 5,08E-13 CKAP2L cytoskeleton associated protein 2-like [HGNC id: 26877]
IL-1ra 5,77 4,07E-09 CBWDI COBW domain containing 1 [HGNC id: 17134]
IL-1ra 6,08 6,00E-10 FOXDA4LI1 forkhead box D4-like 1 [HGNC id: 18521]
IL-2 6,28 1,70E-10 F12 coagulation factor XII (Hageman factor) [HGNC id: 3530]
1L-2 5,00 2,85E-07 GCKR glucokinase (hexokinase 4) regulator [HGNC id: 4196]
IL-2 6,47 4,88E-11 KLKBI kallikrein B, plasma (Fletcher factor) 1 [HGNC id: 6371]
IL-2 4,57 2,49E-06 TBL2 transducin (beta)-like 2 [HGNC id: 11586]
IL-2 4,78 8,84E-07 MLXIPL MLX interacting protein-like [HGNC id: 12744]
IL-2 4,98 3,19E-07 C2orfl6 chromosome 2 open reading frame 16 [HGNC id: 25275]
IL-2 6,52 3,50E-11 ZNF512 zinc finger protein 512 [HGNC id: 29380]
IL-2ra 6,56 2,62E-11 HLA-DRA  major histocompatibility complex, class II, DR alpha [HGNC id: 4947]
IL-2ra 4,65 1,64E-06 HLA-DRB1  major histocompatibility complex, class II, DR beta 1 [HGNC id: 4948]
IL-2ra 6,11 5,00E-10 IL2RA interleukin 2 receptor, alpha [HGNC id: 6008]
IL-2ra 5,77 3,98E-09 IL15RA interleukin 15 receptor, alpha [HGNC id: 5978]
IL-2ra 4,67 1,53E-06 STKI19 serine/threonine kinase 19 [HGNC id: 11398]
IL-2ra 5,50 1,89E-08 RBM17 RNA binding motif protein 17 [HGNC id: 16944]
1IL-4 4,62 1,87E-06 C2 complement component 2 [HGNC id: 1248]
1L-4 8,35 3,46E-17 CFH complement factor H [HGNC id: 4883]
1L-4 497 3,35E-07 SKIV2L superkiller viralicidic activity 2-like (S. cerevisiae) [HGNC id: 10898]
1L-4 481 7,67E-07 NELFE negative elongation factor complex member E [HGNC id: 13974]
1L-4 498 3,11E-07 STKI9 serine/threonine kinase 19 [HGNC id: 11398]

1L-4 4,59 2,23E-06 CFHR3 complement factor H-related 3 [HGNC id: 16980]
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Table A.4 (cont.)
Cytokine Z-score  P-value gf(l}nlzocl HGNC description
IL-4 4,82 7,22E-07 CFHRS complement factor H-related 5 [HGNC id: 24668]
1L-5 7,52  2,70E-14 CFH complement factor H [HGNC id: 4883]
IL-5 4,58 2,37E-06 CFHR2 complement factor H-related 2 [HGNC id: 4890]
1L-5 4,53  3,00E-06 CFHR4 complement factor H-related 4 [HGNC id: 16979]
IL-5 4,55 2,64E-06 CFHRS complement factor H-related 5 [HGNC id: 24668]
1L-6 4,63 1,80E-06 ADAR adenosine deaminase, RNA-specific [HGNC id: 225]
IL-6 8,05 4,12E-16 IL6R interleukin 6 receptor [HGNC id: 6019]
IL-6 4,56  2,62E-06 MICB MHC class I polypeptide-related sequence B [HGNC id: 7091]
IL-6 4,67 1,51E-06 GPANKI1 G patch domain and ankyrin repeats 1 [HGNC id: 13920]
IL-6 4,72 1,20E-06 Cé6orfl0 chromosome 6 open reading frame 10 [HGNC id: 13922]
IL-6 4,73 1,10E-06 EHMT2 euchromatic histone-lysine N-methyltransferase 2 [HGNC id: 14129]
IL-6 6,38 9,03E-11 TDRDI0 tudor domain containing 10 [HGNC id: 25316]
1L-6 6,80 5,33E-12 SHE Src homology 2 domain containing E [HGNC id: 27004]
1L-7 8,39 244E-17 CFH complement factor H [HGNC id: 4883]
1L-7 4,58 2,29E-06 CFHRI1 complement factor H-related 1 [HGNC id: 4888]
1L-7 4,65 1,65E-06 CFHR2 complement factor H-related 2 [HGNC id: 4890]
1L-7 490 4,69E-07 CFHR4 complement factor H-related 4 [HGNC id: 16979]
1L-7 5,45 2,55E-08 CFHR3 complement factor H-related 3 [HGNC id: 16980]
1L-8 530 5,92E-08 CFB complement factor B [HGNC id: 1037]
1L-8 4,67 147E-06 C2 complement component 2 [HGNC id: 1248]
1L-8 4,61 1,98E-06 C4A complement component 4A (Rodgers blood group) [HGNC id: 1323]
IL-8 5,19 1,07E-07 F13B coagulation factor XIII, B polypeptide [HGNC id: 3534]
1L-8 7,57 1,85E-14 DARC Duffy blood group, atypical chemokine receptor [HGNC id: 4035]
IL-8 7,63 1,16E-14 CFH complement factor H [HGNC id: 4883]
IL-8 6,54 3,05E-11 CFHRI complement factor H-related 1 [HGNC id: 4888]
1L-8 7,55 2,19E-14 CFHR2 complement factor H-related 2 [HGNC id: 4890]
IL-8 5,25 7,63E-08 HLA-DPBI  major histocompatibility complex, class I, DP beta 1 [HGNC id: 4940]
IL-8 4,85 6,05E-07 IL8 interleukin 8 [HGNC id: 6025]
-8 545 2.57E-08 PSMD3 {)5?t9&:5a6sg]rne (prosome, macropain) 26S subunit, non-ATPase, 3 [HGNC
IL-8 4,94 3,87E-07 RINGI ring finger protein 1 [HGNC id: 10018]
IL-8 4,68 141E-06 SKIV2L superkiller viralicidic activity 2-like (S. cerevisiae) [HGNC id: 10898]
490 127606 SwaRcz SIS et i st iy deped orof
IL-8 5,08 1,89E-07 NELFE negative elongation factor complex member E [HGNC id: 13974]
IL-8 5,12 1,52E-07 STKI19 serine/threonine kinase 19 [HGNC id: 11398]
L8 507 2.03E-07 PIGL glglgz[])hatldylmosnol glycan anchor biosynthesis, class L [HGNC id:
IL-8 5,73 4,90E-09 MED24 mediator complex subunit 24 [HGNC id: 22963]
1L-8 7,68 8,02E-15 CFHR4 complement factor H-related 4 [HGNC id: 16979]
IL-8 7,01  1,20E-12 CFHR3 complement factor H-related 3 [HGNC id: 16980]
IL-8 4,58 2,32E-06 DDX42 DEAD (Asp-Glu-Ala-Asp) box helicase 42 [HGNC id: 18676]
IL-8 4,74 1,08E-06 GSDMB gasdermin B [HGNC id: 23690]
1L-8 4,64 1,72E-06 CCDC47 coiled-coil domain containing 47 [HGNC id: 24856]
IL-8 5,12 1,54E-07 CADM3 cell adhesion molecule 3 [HGNC id: 17601]
IL-8 7,57 1,94E-14 CFHR5 complement factor H-related 5 [HGNC id: 24668]

IL-8 4,74 1,09E-06 STRADA STE20-related kinase adaptor alpha [HGNC id: 30172]
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Table A.4 (cont.)
Cytokine Z-score  P-value gf(l}nlzocl HGNC description
IL-8 4,78 8,64E-07 FTSJ3 FtsJ homolog 3 (E. coli) [HGNC id: 17136]
L8 465 166E-06 ASPM e[l;lp G(Ie\llléli)émlagl Osgér]ldle) homolog, microcephaly associated (Drosophila)
1L-8 5,54 1,55E-08 GSDMA gasdermin A [HGNC id: 13311]
1L-8 4,68 141E-06 RUFY4 RUN and FYVE domain containing 4 [HGNC id: 24804]
1IL-8 491 4,60E-07 n/a n/a
1L-9 4,82 7,14E-07 CFH complement factor H [HGNC id: 4883]
IL-9 5,34 4,71E-08 HNRNPAl  heterogeneous nuclear ribonucleoprotein A1 [HGNC id: 5031]
IL-9 6,11 5,00E-10 SMADS SMAD family member 5 [HGNC id: 6771]
IL-9 6,56 2,76E-11 NFE2 nuclear factor, erythroid 2 [HGNC id: 7780]
IL-9 4,63 1,85E-06 PTGES3 prostaglandin E synthase 3 (cytosolic) [HGNC id: 16049]
IL-9 544 2,62E-08 COPZ1 coatomer protein complex, subunit zeta 1 [HGNC id: 2243]
1P-10 4,85 6,31E-07 ALDH2 aldehyde dehydrogenase 2 family (mitochondrial) [HGNC id: 404]
IP-10 8,17 148E-16 ART3 ADP-ribosyltransferase 3 [HGNC id: 725]
IP-10 4,56 2,61E-06 TNFSF8 tumor necrosis factor (ligand) superfamily, member 8 [HGNC id: 11938]
IP-10 4,66 1,58E-06 HLA-DQA1 major histocompatibility complex, class II, DQ alpha 1 [HGNC id: 4942]
IP-10 6,11 5,00E-10 CXCL10 chemokine (C-X-C motif) ligand 10 [HGNC id: 10637]
1P-10 7,37 8,61E-14 CXCL9 chemokine (C-X-C motif) ligand 9 [HGNC id: 7098]
1P-10 5,06 2,13E-07 PTHIR parathyroid hormone 1 receptor [HGNC id: 9608]
1P-10 5,15 1,30E-07 PTPNI11 protein tyrosine phosphatase, non-receptor type 11 [HGNC id: 9644]
IP-10 541 3,19E-08 RPL6 ribosomal protein L6 [HGNC id: 10362]
IP-10 6,40 8,03E-11 ATXN2 ataxin 2 [HGNC id: 10555]
IP-10 7,84 225E-15 CXCLI11 chemokine (C-X-C motif) ligand 11 [HGNC id: 10638]
IP-10 4,66 1,57E-06 STAT4 signal transducer and activator of transcription 4 [HGNC id: 11365]
IP-10 4,57 2,42E-06 PRRC2A proline-rich coiled-coil 2A [HGNC id: 13918]
1P-10 5,81  3,16E-09 BAG6 BCL2-associated athanogene 6 [HGNC id: 13919]
IP-10 5,69 6,33E-09 BRAP BRCAL associated protein [HGNC id: 1099]
IP-10 6,03 8,42E-10 CCRL2 chemokine (C-C motif) receptor-like 2 [HGNC id: 1612]
IP-10 6,42 6,89E-11 SH2B3 SH2B adaptor protein 3 [HGNC id: 29605]
IP-10 491 449E-07 SCAP SREBF chaperone [HGNC id: 30634]
IP-10 542 2,92E-08 NBEAL2 neurobeachin-like 2 [HGNC id: 31928]
IP-10 4,76  9,86E-07 KLHL18 kelch-like family member 18 [HGNC id: 29120]
IP-10 5,14 1,36E-07 CUX2 cut-like homeobox 2 [HGNC id: 19347]
1P-10 4,75  1,03E-06 PTPN23 protein tyrosine phosphatase, non-receptor type 23 [HGNC id: 14406]
1P-10 5,38 3,71E-08 NAAA N-acylethanolamine acid amidase [HGNC id: 736]
1P-10 5,63  9,09E-09 SETD2 SET domain containing 2 [HGNC id: 18420]
IP-10 4,56  2,52E-06 ELP6 elongator acetyltransferase complex subunit 6 [HGNC id: 25976]
1P-10 7,31 1,30E-13 SDADI SDA1 domain containing 1 [HGNC id: 25537]
IP-10 5,00 2,93E-07 KIF9 kinesin family member 9 [HGNC id: 16666]
IP-10 5,16 1,21E-07 ACADIO0 acyl-CoA dehydrogenase family, member 10 [HGNC id: 21597]
IP-10 5,04 2,32E-07 SLFNI11 schlafen family member 11 [HGNC id: 26633]
IP-10 5,13  1,48E-07 FAMIO9A family with sequence similarity 109, member A [HGNC id: 26509]
IP-10 5,50 1,94E-08 CCDCI2 coiled-coil domain containing 12 [HGNC id: 28332]
M-CSF 493 421E-07 AANAT aralkylamine N-acetyltransferase [HGNC id: 19]
M-CSF 6,02 8,61E-10 ACADVL acyl-CoA dehydrogenase, very long chain [HGNC id: 92]

M-CSF 4,73  1,14E-06 ADH4 alcohol dehydrogenase 4 (class II), pi polypeptide [HGNC id: 252]
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Table A.4 (cont.)
Cytokine Z-score  P-value gf(l}nlzocl HGNC description
M-CSF 7,55 2,14E-14 ALX3 ALX homeobox 3 [HGNC id: 449]
M-CSF 7,82 2,71E-15 ASGRI asialoglycoprotein receptor 1 [HGNC id: 742]
M-CSF 7,04 9,77E-13 ASGR2 asialoglycoprotein receptor 2 [HGNC id: 743]
M-CSF 545 2,46E-08 CLDN7 claudin 7 [HGNC id: 2049]
M-CSF 5,78 3,83E-09 CPOX coproporphyrinogen oxidase [HGNC id: 2321]
M-CSF 7,66 9,63E-15 CSF1 colony stimulating factor 1 (macrophage) [HGNC id: 2432]
M-CSF 6,11 5,00E-10 CSFIR colony stimulating factor 1 receptor [HGNC id: 2433]
M-CSF 5,88 2,00E-09 DLG4 discs, large homolog 4 (Drosophila) [HGNC id: 2903]
M-CSF 6,50 3,95E-11 SLC26A2 solute carrier family 26 (anion exchanger), member 2 [HGNC id: 10994]
M-CSF 6,88 2,98E-12 DVL2 dishevelled segment polarity protein 2 [HGNC id: 3086]
M-CSF 541 3,09E-08 FUT2 fucosyltransferase 2 (secretor status included) [HGNC id: 4013]
M-CSF 654 301E-11 B4GALTI UDP-Gal:betaGIcNAc beta 1,4- galactosyltransferase, polypeptide 1

[HGNC id: 924]
M-CSF 4,98 3,23E-07 GPRI15 G protein-coupled receptor 15 [HGNC id: 4469]
mannosyl (alpha-1,6-)-glycoprotein beta-1,6-N-acetyl-

M-CSF 9,20 1.85E-20 MGATS glucosaminyltransferase [HGNC id: 7049]

M-CSF 5,88  2,10E-09 RPS6KBI1 ribosomal protein S6 kinase, 70kDa, polypeptide 1 [HGNC id: 10436]
M-CSF 7,50 3,23E-14 ST3GAL4 ST3 beta-galactoside alpha-2,3-sialyltransferase 4 [HGNC id: 10864]
M-CSF 7,41  6,51E-14 ST3GAL6 ST3 beta-galactoside alpha-2,3-sialyltransferase 6 [HGNC id: 18080]
M-CSF 5,22 9,08E-08 CLECIOA C-type lectin domain family 10, member A [HGNC id: 16916]
M-CSF 4,66 1,59E-06 AHCYLI adenosylhomocysteinase-like 1 [HGNC id: 344]

M-CSF 5,17 1,15E-07 HMGXB3 HMG box domain containing 3 [HGNC id: 28982]

M-CSF 4,84  6,46E-07 CUX2 cut-like homeobox 2 [HGNC id: 19347]

M-CSF 637 943E-11 B3GATI gczttfl]-1,3-glucur0nyltransferase 1 (glucuronosyltransferase P) [HGNC id:
M-CSF 5,73 5,01E-09 RNFTI ring finger protein, transmembrane 1 [HGNC id: 30206]

M-CSF 5,60 1,07E-08 TUBDI tubulin, delta 1 [HGNC id: 16811]

M-CSF 4,63 1,85E-06 UBE20 ubiquitin-conjugating enzyme E20 [HGNC id: 29554]

M-CSF 526 7,21E-08 RHBDF2 rhomboid 5 homolog 2 (Drosophila) [HGNC id: 20788]

M-CSF 4,70 1,29E-06 CTCI1 CTS telomere maintenance complex component 1 [HGNC id: 26169]
M-CSF 5,41 3,20E-08 PNPLA3 patatin-like phospholipase domain containing 3 [HGNC id: 18590]
M-CSF 5,65 7,99E-09 TIGD6 tigger transposable element derived 6 [HGNC id: 18332]

M-CSF 6,17 3,42E-10 STRIP1 striatin interacting protein 1 [HGNC id: 25916]

M-CSF 4,95 3,63E-07 SPPL3 signal peptide peptidase like 3 [HGNC id: 30424]

M-CSF 7,89 1,46E-15 DCBLD2 discoidin, CUB and LCCL domain containing 2 [HGNC id: 24627]
M-CSF 479 8,52E-07 DNAH2 dynein, axonemal, heavy chain 2 [HGNC id: 2948]

M-CSF 457 240E-06 MAMSTR ?g:uliitzst[lﬁeg;%: T(it;f;;%dg ]SAP domain containing transcriptional
MCP-1 6,85 3,69E-12 CCRI1 chemokine (C-C motif) receptor 1 [HGNC id: 1602]

MCP-1 6,11 5,00E-10 CCR3 chemokine (C-C motif) receptor 3 [HGNC id: 1604]

MCP-1 6,11 5,00E-10 CCRS5 chemokine (C-C motif) receptor 5 (gene/pseudogene) [HGNC id: 1606]
MCP-1 7,93 1,07E-15 ACKR2 atypical chemokine receptor 2 [HGNC id: 1565]

MCP-1 565 823E-09 CYPSBI ;}ét;)sf:]hrome P450, family 8, subfamily B, polypeptide 1 [HGNC id:
MCP-1 717 3.80E-13 FCERIA f}c{ (f}r;%mizr:lt;gg I9g]E, high affinity I, receptor for; alpha polypeptide
MCP-1 6,11 5,00E-10 DARC Duffy blood group, atypical chemokine receptor [HGNC id: 4035]
MCP-1 7,86 1,85E-15 XCRI1 chemokine (C motif) receptor 1 [HGNC id: 1625]

MCP-1 6,11 5,00E-10 LTF lactotransferrin [HGNC id: 6720]

MCP-1 5,47 227E-08 CCLI11 chemokine (C-C motif) ligand 11 [HGNC id: 10610]
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Table A.4 (cont.)
Cytokine Z-score  P-value gf(l}nlzocl HGNC description
MCP-1 791 1,29E-15 CCRL2 chemokine (C-C motif) receptor-like 2 [HGNC id: 1612]
MCP-1 7,84 2,18E-15 CXCR6 chemokine (C-X-C motif) receptor 6 [HGNC id: 16647]
MCP-1 7,36 8,91E-14 CCR9 chemokine (C-C motif) receptor 9 [HGNC id: 1610]
MCP-1 7,23 2,37E-13 HIGDI1A HIGI hypoxia inducible domain family, member 1A [HGNC id: 29527]
MCP-1 7,03  1,04E-12 OR10J1 olfactory receptor, family 10, subfamily J, member 1 [HGNC id: 8175]
MCP-1 7,59 1,54E-14 LZTFLI1 leucine zipper transcription factor-like 1 [HGNC id: 6741]
MCP-1 547 229E-08 SLC6A20 is((i):h;tggcza;']rler family 6 (proline IMINO transporter), member 20 [HGNC
MCP-1 4,95 3,72E-07 HHATL hedgehog acyltransferase-like [HGNC id: 13242]
MCP-1 7,83 2,37E-15 CADM3 cell adhesion molecule 3 [HGNC id: 17601]
MCP-1 6,57 2,52E-11 LRRC2 leucine rich repeat containing 2 [HGNC id: 14676]
MCP-1 8,36  3,24E-17 FYCOl FYVE and coiled-coil domain containing 1 [HGNC id: 14673]
MCP-1 5,62  9,63E-09 RTP3 receptor (chemosensory) transporter protein 3 [HGNC id: 15572]
MCP-1 6,24 2,13E-10 CCDCI13 coiled-coil domain containing 13 [HGNC id: 26358]
MCP-1 4,77 9,08E-07 ALS2CL ALS2 C-terminal like [HGNC id: 20605]
MCP-1 7,52 2,77E-14 CCR2 chemokine (C-C motif) receptor 2 [HGNC id: 1603]
MCP-1 5,29 5,97E-08 PRSS45 protease, serine, 45 [HGNC id: 30717]
MCP-3 10,92 4,91E-28 ASIC2 acid-sensing (proton-gated) ion channel 2 [HGNC id: 99]
MCP-3 4,58 2,35E-06 CFB complement factor B [HGNC id: 1037]
MCP-3 7,92 1,17E-15 DARC Dufty blood group, atypical chemokine receptor [HGNC id: 4035]
MCP-3 7,62 1,25E-14 LIG3 ligase I1I, DNA, ATP-dependent [HGNC id: 6600]
MCP-3 5,08 1,86E-07 MICB MHC class I polypeptide-related sequence B [HGNC id: 7091]
MCP-3 522 8,86E-08 MYOID myosin ID [HGNC id: 7598]
MCP-3 7,13 5,04E-13 RADSID RADS1 paralog D [HGNC id: 9823]
MCP-3 6,86 3,46E-12 CCLI1 chemokine (C-C motif) ligand 1 [HGNC id: 10609]
MCP-3 6,15 3,78E-10 CCL2 chemokine (C-C motif) ligand 2 [HGNC id: 10618]
MCP-3 6,11 5,00E-10 CCL7 chemokine (C-C motif) ligand 7 [HGNC id: 10634]
MCP-3 14,93 1,00E-50 CCL8 chemokine (C-C motif) ligand 8 [HGNC id: 10635]
MCP-3 6,11 5,00E-10 CCLI11 chemokine (C-C motif) ligand 11 [HGNC id: 10610]
MCP-3 6,72 9,16E-12 CCL13 chemokine (C-C motif) ligand 13 [HGNC id: 10611]
MCP-3 4,79 8,34E-07 SKIV2L superkiller viralicidic activity 2-like (S. cerevisiae) [HGNC id: 10898]
MCP-3 4,61 198E-06 TNXB tenascin XB [HGNC id: 11976]
MCP-3 4,68 147E-06 NELFE negative elongation factor complex member E [HGNC id: 13974]
MCP-3 5,32 5,12E-08 STKI19 serine/threonine kinase 19 [HGNC id: 11398]
MCP-3 5,85 247E-09 CCT6B chaperonin containing TCP1, subunit 6B (zeta 2) [HGNC id: 1621]
MCP-3 496 3,57E-07 CADM3 cell adhesion molecule 3 [HGNC id: 17601]
MCP-3 7,28 1,72E-13 SLFNI11 schlafen family member 11 [HGNC id: 26633]
MCP-3 656 2.73E-11 RFFL Ef{l(g} gggfé:a;fggEVE-hke domain containing E3 ubiquitin protein ligase
MCP-3 6,99 1,41E-12 TMEMI32E transmembrane protein 132E [HGNC id: 26991]
MCP-3 6,79 5,52E-12 Cl70rf102 chromosome 17 open reading frame 102 [HGNC id: 34412]
MIF 6,29 1,59E-10 DDT D-dopachrome tautomerase [HGNC id: 2732]
MIF 562 941E-09 EEFID zzlgﬁz(;t;cptrroatr:rlgn[gl (?]l?(rjlgiilgrzl]f?]cmr 1 delta (guanine nucleotide
MIF 6,11 5,00E-10 GSTT2 glutathione S-transferase theta 2 [HGNC id: 4642]
MIF 4,98 3,21E-07 PYCRL pyrroline-5-carboxylate reductase-like [HGNC id: 25846]

MIF 6,51 3,71E-11 TIGDS tigger transposable element derived 5 [HGNC id: 18336]
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Table A.4 (cont.)
Cytokine Z-score  P-value gf(l}nlzocl HGNC description
MIF 6.14 419E-10 NAPRTI gz)ci)stgiate phosphoribosyltransferase domain containing 1 [HGNC id:
MIF 4,92  437E-07 MROH6 maestro heat-like repeat family member 6 [HGNC id: 27814]
MIF 8,57 526E-18 GSTT2B glutathione S-transferase theta 2B (gene/pseudogene) [HGNC id: 33437]
MIF 6,74 8,19E-12 DDT D-dopachrome tautomerase [HGNC id: 2732]
MIF 7,56 2,07E-14 n/a n/a
MIG 491 4,52E-07 ART3 ADP-ribosyltransferase 3 [HGNC id: 725]
MIG 6,72 9,19E-12 CXCL9 chemokine (C-X-C motif) ligand 9 [HGNC id: 7098]
MIG 525 7,64E-08 PLG plasminogen [HGNC id: 9071]
MIG 4,88 520E-07 ATXN2 ataxin 2 [HGNC id: 10555]
MIG 4,60 2,15E-06 PRRC2A proline-rich coiled-coil 2A [HGNC id: 13918]
MIG 4,62 1,88E-06 BRAP BRCALI associated protein [HGNC id: 1099]
MIG 4,80 7,94E-07 SH2B3 SH2B adaptor protein 3 [HGNC id: 29605]
MIG 7,14 4,55E-13 NAAA N-acylethanolamine acid amidase [HGNC id: 736]
MIG 7,44 5,11E-14 SDADI SDA1 domain containing 1 [HGNC id: 25537]
MIP-1a 6,11 5,00E-10 CCL3 chemokine (C-C motif) ligand 3 [HGNC id: 10627]
MIP-1a 6,14 4,09E-10 CCL4 chemokine (C-C motif) ligand 4 [HGNC id: 10630]
MIP-1a 7,01 1,16E-12 CCL14 chemokine (C-C motif) ligand 14 [HGNC id: 10612]
MIP-1a 4,85 6,25E-07 CCLI15 chemokine (C-C motif) ligand 15 [HGNC id: 10613]
MIP-1a 797 791E-16 CCLIS ([:]I}IEEI}I;\?(I:(I?(; (1C0-6C1 6r510t1f) ligand 18 (pulmonary and activation-regulated)
MIP-1a 6,66 1,40E-11 CCL23 chemokine (C-C motif) ligand 23 [HGNC id: 10622]
MIP-1a 4,79 8,53E-07 TLRI toll-like receptor 1 [HGNC id: 11847]
MIP-1a 4,65 1,69E-06 VARS valyl-tRNA synthetase [HGNC id: 12651]
MIP-1a 4,77  9,26E-07 MED24 mediator complex subunit 24 [HGNC id: 22963]
MIP-1b 5,51 1,80E-08 RHOA ras homolog family member A [HGNC id: 667]
MIP-1b 538 3.81E-08 SLC25A20 E](}{lét; ((;airételr“f;rlr]nly 25 (carnitine/acylcarnitine translocase), member 20
MIP-1b 7,37 8,61E-14 CDC25A cell division cycle 25A [HGNC id: 1725]
MIP-1b 6,13 4,36E-10 CCRI1 chemokine (C-C motif) receptor 1 [HGNC id: 1602]
MIP-1b 8,08 3,36E-16 CCR3 chemokine (C-C motif) receptor 3 [HGNC id: 1604]
MIP-1b 7,87 1,79E-15 CCRS5 chemokine (C-C motif) receptor 5 (gene/pseudogene) [HGNC id: 1606]
MIP-1b 5,48 2,07E-08 COL7ALl collagen, type VII, alpha 1 [HGNC id: 2214]
MIP-1b 4,63 1,82E-06 DAGI dystroglycan 1 (dystrophin-associated glycoprotein 1) [HGNC id: 2666]
MIP-1b 5,00 2,85E-07 XCRI1 chemokine (C motif) receptor 1 [HGNC id: 1625]
MIP-1b 5,20 1,02E-07 GRM2 glutamate receptor, metabotropic 2 [HGNC id: 4594]
MIP-1b 7,57 1,86E-14 LTF lactotransferrin [HGNC id: 6720]
MIP-1b 729 1,56E-13 MAP4 microtubule-associated protein 4 [HGNC id: 6862]
MIP-1b 753 2.53E-14 MSTI ;r;zggj)phage stimulating 1 (hepatocyte growth factor-like) [HGNC id:
MIP-1b 577 3.88E-09 MSTIR Er}l{aé;)ghidg:e%tgl]ulatmg 1 receptor (c-met-related tyrosine kinase)
MIP-1b 490 479E-07 PFKFB4 gg;l;(])sphofructo—Z—kinase/fructose—2,6—biphosphatase 4 [HGNC id:
MIP-1b 629 162E-10 PRKAR2A g;(;t;:]m kinase, cAMP-dependent, regulatory, type 11, alpha [HGNC id:
MIP-1b 7,77 3,86E-15 PTHIR parathyroid hormone 1 receptor [HGNC id: 9608]
MIP-1b 5,79 3,61E-09 QARS glutaminyl-tRNA synthetase [HGNC id: 9751]
MIP-1b 4,93  4,19E-07 CCL3 chemokine (C-C motif) ligand 3 [HGNC id: 10627]

MIP-1b 4,61 2,00E-06 CCL4 chemokine (C-C motif) ligand 4 [HGNC id: 10630]
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symbol
MIP-1b 5,02 2,56E-07 CCL5 chemokine (C-C motif) ligand 5 [HGNC id: 10632]
MIP-1b 4,87 5,59E-07 CCL14 chemokine (C-C motif) ligand 14 [HGNC id: 10612]
MIP-1b 5,04 234E-07 CCL15 chemokine (C-C motif) ligand 15 [HGNC id: 10613]
MIP-1b 4,89 5,15E-07 CCL16 chemokine (C-C motif) ligand 16 [HGNC id: 10614]
MIP-1b 648 454B-11 CCLIS chemokine (C-C motif) ligand 18 (pulmonary and activation-regulated)

[HGNC id: 10616]
MIP-1b 6,77 6,44E-12 CCL23 chemokine (C-C motif) ligand 23 [HGNC id: 10622]
SWI/SNF related, matrix associated, actin dependent regulator of

MIP-Tb 7,15 445E-13 SMARCCI chromatin, subfamily ¢, member 1 [HGNC id: 11104]

MIP-1b 6,51 3,85E-11 TDGF1 teratocarcinoma-derived growth factor 1 [HGNC id: 11701]

MIP-1b 6,36  9,82E-11 TLRI toll-like receptor 1 [HGNC id: 11847]

MIP-1b 538 3,81E-08 TLR4 toll-like receptor 4 [HGNC id: 11850]

MIP-1b 4,89 4,93E-07 USP4 ubiquitin specific peptidase 4 (proto-oncogene) [HGNC id: 12627]
WEdb s amos tams  TATSRNApiemell TATA b i 1
MIP-1b 4,75 1,02E-06 BSN bassoon presynaptic cytomatrix protein [HGNC id: 1117]

MIP-1b 590 1,76E-09 LIMDI LIM domains containing 1 [HGNC id: 6612]

MIP-1b 6,11 5,00E-10 CCRL2 chemokine (C-C motif) receptor-like 2 [HGNC id: 1612]

MIP-1b 6,11 5,00E-10 ZNHIT3 zinc finger, HIT-type containing 3 [HGNC id: 12309]

MIP-1b 7,15 4,49E-13 RBM6 RNA binding motif protein 6 [HGNC id: 9903]

MIP-1b 6,66 1,38E-11 RBMS5 RNA binding motif protein 5 [HGNC id: 9902]

MIP-1b 4,78 8,72E-07 NME6 NME/NM23 nucleoside diphosphate kinase 6 [HGNC id: 20567]
MIP-1b 5,54 1,55E-08 ARIH2 ariadne RBR E3 ubiquitin protein ligase 2 [HGNC id: 690]

MIP-1b 6,11 5,00E-10 CXCR6 chemokine (C-X-C motif) receptor 6 [HGNC id: 16647]

MIP-1b 7,60 1,48E-14 CSPGS5 chondroitin sulfate proteoglycan 5 (neuroglycan C) [HGNC id: 2467]
MIP-1b 4,76  9,45E-07 CCT6B chaperonin containing TCP1, subunit 6B (zeta 2) [HGNC id: 1621]
MIP-1b 6,11 5,00E-10 CCR9 chemokine (C-C motif) receptor 9 [HGNC id: 1610]

MIP-1b 4,85 6,12E-07 USPI19 ubiquitin specific peptidase 19 [HGNC id: 12617]

MIP-1b 5,67 7,21E-09 TMEMII15 transmembrane protein 115 [HGNC id: 30055]

MIP-1b 4,56 2,57E-06 WDR6 WD repeat domain 6 [HGNC id: 12758]

MIP-1b 5,03 247E-07 TREXI1 three prime repair exonuclease 1 [HGNC id: 12269]

MIP-1b 7,41 6,44E-14 DHX30 DEAH (Asp-Glu-Ala-His) box helicase 30 [HGNC id: 16716]
MIP-1b 7,04 9,39E-13 SACMIL SACI suppressor of actin mutations 1-like (yeast) [HGNC id: 17059]
MIP-1b 6,66 1,37E-11 SCAP SREBF chaperone [HGNC id: 30634]

MIP-1b 6,05 7,18E-10 NBEAL2 neurobeachin-like 2 [HGNC id: 31928]

MIP-1b 6,02 8,73E-10 KLHLI8 kelch-like family member 18 [HGNC id: 29120]

MIP-1b 5,19 1,03E-07 ABHDI4A abhydrolase domain containing 14A [HGNC id: 24538]

MIP-1b 5,15 1,33E-07 POCIA POCI1 centriolar protein A [HGNC id: 24488]

MIP-1b 5,95 1,30E-09 PTPN23 protein tyrosine phosphatase, non-receptor type 23 [HGNC id: 14406]
MIP-1b 6,58 2,38E-11 SETD2 SET domain containing 2 [HGNC id: 18420]

MIP-1b 7,35 1,03E-13 PRSS50 protease, serine, 50 [HGNC id: 17910]

MIP-1b 526 7,15E-08 ZNF589 zinc finger protein 589 [HGNC id: 16747]

MIP-1b 6,11 5,00E-10 LZTFL1 leucine zipper transcription factor-like 1 [HGNC id: 6741]

MIP-1b 577 4.06E-09 PAHTM ?g?lz}ggég—él]ydroxylase, transmembrane (endoplasmic reticulum) [HGNC
MIP-1b 611 S00E-10 SLC6A20 is((i):h;tggcza;']rler family 6 (proline IMINO transporter), member 20 [HGNC
MIP-1b 596 128E-09 ELP6 elongator acetyltransferase complex subunit 6 [HGNC id: 25976]

MIP-1b 4,88  5,43E-07 QRICHI glutamine-rich 1 [HGNC id: 24713]
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MIP-1b 6,609 1,12E-11 LYZL6 lysozyme-like 6 [HGNC id: 29614]
MIP-1b 6,82 4,69E-12 KIF9 kinesin family member 9 [HGNC id: 16666]
MIP-1b 5,74 4,62E-09 CCDC71 coiled-coil domain containing 71 [HGNC id: 25760]
MIP-1b 5,72 525E-09 CAMKV CaM kinase-like vesicle-associated [HGNC id: 28788]
MIP-1b 8,14 1,96E-16 DHRSI1 dehydrogenase/reductase (SDR family) member 11 [HGNC id: 28639]
MIP-1b 7,65 991E-15 LRRC2 leucine rich repeat containing 2 [HGNC id: 14676]
MIP-1b 6,11 5,00E-10 FYCOl1 FYVE and coiled-coil domain containing 1 [HGNC id: 14673]
MIP-1b 7,16 4,01E-13 GGNBP2 gametogenetin binding protein 2 [HGNC id: 19357]
MIP-1b 7.14  462E-13 MRMI Et((})ggrllgnzaé ;l(){;\]IA methyltransferase 1 homolog (S. cerevisiae)
MIP-1b 7,07  7,57E-13 MYOI9 myosin XIX [HGNC id: 26234]
MIP-1b 6,11 5,00E-10 RTP3 receptor (chemosensory) transporter protein 3 [HGNC id: 15572]
MIP-1b 4,77  9,00E-07 NICN1 nicolin 1 [HGNC id: 18317]
MIP-1b 6,07 6,59E-10 MONIA MONI secretory trafficking family member A [HGNC id: 28207]
MIP-1b 5,11 1,63E-07 Cl170rf50 chromosome 17 open reading frame 50 [HGNC id: 29581]
MIP-1b 5,35 4,49E-08 UNC45B unc-45 homolog B (C. elegans) [HGNC id: 14304]
MIP-1b 6,70 1,03E-11 CCDCI2 coiled-coil domain containing 12 [HGNC id: 28332]
MIP-1b 4,85 6,12E-07 RDM1 RADS52 motif 1 [HGNC id: 19950]
MIP-1b 541 3,11E-08 Cl170rf66 chromosome 17 open reading frame 66 [HGNC id: 26548]
MIP-1b 7,71 6,37E-15 ALS2CL ALS2 C-terminal like [HGNC id: 20605]
MIP-1b 5,06 2,09E-07 TMIE transmembrane inner ear [HGNC id: 30800]
MIP-1b 611 S.00E-10 PIGW [z)lgcz)igl]latidylinositol glycan anchor biosynthesis, class W [HGNC id:
MIP-1b 6,04 7,62E-10 CCDC36 coiled-coil domain containing 36 [HGNC id: 27945]
MIP-1b 5,54 148E-08 CDHR4 cadherin-related family member 4 [HGNC id: 34527]
MIP-1b 6,29 1,59E-10 TMEMS9 transmembrane protein 89 [HGNC id: 32372]
MIP-1b 5,10 1,69E-07 SPINKS8 serine peptidase inhibitor, Kazal type 8 (putative) [HGNC id: 33160]
MIP-1b 5,30  5,74E-08 C3orf84 chromosome 3 open reading frame 84 [HGNC id: 44666]
MIP-1b 6,11 5,00E-10 CCR2 chemokine (C-C motif) receptor 2 [HGNC id: 1603]
MIP-1b 7,77  3,99E-15 n/a n/a
PDGFbb 540 3,37E-08 ARL3 ADP-ribosylation factor-like 3 [HGNC id: 694]
PDGFbb 6,83 4,27E-12 CD36 CD36 molecule (thrombospondin receptor) [HGNC id: 1663]
PDGFbb 566 738E-09 BRFI ][3}?(1}3;1,(: RlI(\llA1 ﬁ)glsylr]nerase III transcription initiation factor 90 kDa subunit
PDGFbb 7,78  3,56E-15 PCSK6 proprotein convertase subtilisin/kexin type 6 [HGNC id: 8569]
oG 930 Loman Sekez (P bl ey plamiesn st
PDGFbb 5,29 6,20E-08 RBBPS5 retinoblastoma binding protein 5 [HGNC id: 9888]
PDGFbb 519 1,04E-07 BZRAPI ll)grég(i(]liazepine receptor (peripheral) associated protein 1 [HGNC id:
PDGFbb 5,35 4,28E-08 QKI QKI, KH domain containing, RNA binding [HGNC id: 21100]
PDGFbb 5,85  2,52E-09 TMCC2 transmembrane and coiled-coil domain family 2 [HGNC id: 24239]
PDGFbb 540 330E-08 ACTRIA [Aé((f}’ﬁ] écité?_fgl%m protein 1 homolog A, centractin alpha (yeast)
PDGFbb 6,27 1,76E-10 RCLL1 RNA terminal phosphate cyclase-like 1 [HGNC id: 17687]
PDGFbb 7,86  1,86E-15 ZFPM2 zinc finger protein, FOG family member 2 [HGNC id: 16700]
PDGFbb 4,58 2,38E-06 DSTYK dual serine/threonine and tyrosine protein kinase [HGNC id: 29043]
PDGFbb 7,86 1,97E-15 NRBF2 nuclear receptor binding factor 2 [HGNC id: 19692]
PDGFbb 6,70 1,05E-11 EHD3 EH-domain containing 3 [HGNC id: 3244]
PDGFbb 7,23  248E-13 GP6 glycoprotein VI (platelet) [HGNC id: 14388]
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PDGFbb 7,26 1,87E-13 SUFU suppressor of fused homolog (Drosophila) [HGNC id: 16466]
PDGFbb 4,82 7,06E-07 WBPIL WW domain binding protein 1-like [HGNC id: 23510]
PDGFbb 4,70  1,30E-06 DOCKI10 dedicator of cytokinesis 10 [HGNC id: 23479]
PDGFbb 6,61 1,96E-11 TMEMI180 transmembrane protein 180 [HGNC id: 26196]
PDGFbb 6,43  6,29E-11 TRIMS8 tripartite motif containing 8 [HGNC id: 15579]
PDGFbb 5,19 1,05E-07 BTBD6 BTB (POZ) domain containing 6 [HGNC id: 19897]
PDGFbb 6,26 1,96E-10 RDHI13 retinol dehydrogenase 13 (all-trans/9-cis) [HGNC id: 19978]
PDGFbb 5,50 1,95E-08 SFXN2 sideroflexin 2 [HGNC id: 16086]
PDGFbb 8,34 3,82E-17 REEP3 receptor accessory protein 3 [HGNC id: 23711]
PDGFbb 7,44 5,10E-14 JMIDIC jumonji domain containing 1C [HGNC id: 12313]
PDGFbb 528 6,31E-08 PEARI platelet endothelial aggregation receptor 1 [HGNC id: 33631]
RANTES 6,46 5,18E-11 AP2BI1 adaptor-related protein complex 2, beta 1 subunit [HGNC id: 563]
RANTES 5,58 1,23E-08 PEXI12 peroxisomal biogenesis factor 12 [HGNC id: 8854]
RANTES 6,11 5,00E-10 CCLS chemokine (C-C motif) ligand 5 [HGNC id: 10632]
RANTES 4,77  9,05E-07 ZNF33A zinc finger protein 33A [HGNC id: 13096]
RANTES 6,20 2,76E-10 ZNF37A zinc finger protein 37A [HGNC id: 13102]
RANIES 6t soopio taris  TATIS KA mmere I TATA b i o (1)
RANTES 4,76 9,54E-07 RCLI1 RNA terminal phosphate cyclase-like 1 [HGNC id: 17687]
RANTES 7,87 1,71E-15 NRBF2 nuclear receptor binding factor 2 [HGNC id: 19692]
RANTES 5,49 2,01E-08 GP6 glycoprotein VI (platelet) [HGNC id: 14388]
RANTES 5,54 1,53E-08 FAM46C family with sequence similarity 46, member C [HGNC id: 24712]
RANTES 6,11 5,00E-10 LYZL6 lysozyme-like 6 [HGNC id: 29614]
RANTES 6,11 5,00E-10 MMP28 matrix metallopeptidase 28 [HGNC id: 14366]
RANTES 8,20 1,24E-16 RASLIOB RAS-like, family 10, member B [HGNC id: 30295]
RANTES 542  3,06E-08 RDHI3 retinol dehydrogenase 13 (all-trans/9-cis) [HGNC id: 19978]
RANTES 6,19 3,01E-10 Cl170rf50 chromosome 17 open reading frame 50 [HGNC id: 29581]
RANTES 6,11 5,00E-10 RDMI1 RADS52 motif 1 [HGNC id: 19950]
RANTES 4,62 1,96E-06 ZNF25 zinc finger protein 25 [HGNC id: 13043]
RANTES 7,15 425E-13 REEP3 receptor accessory protein 3 [HGNC id: 23711]
RANTES 6,73 8,52E-12 JMIDIC jumonji domain containing 1C [HGNC id: 12313]
RANTES 8,10 2,76E-16 GAS2L2 growth arrest-specific 2 like 2 [HGNC id: 24846]
RANTES 6,11 5,00E-10 Cl170rf66 chromosome 17 open reading frame 66 [HGNC id: 26548]
RANTES 5,35 4,50E-08 SLFN14 schlafen family member 14 [HGNC id: 32689]
RANTES 6,09 5,64E-10 MTRNR2L7 MT-RNR2-like 7 [HGNC id: 37164]
RANTES 546 243E-08 SLFNI2L schlafen family member 12-like [HGNC id: 33920]
SCF 11,00 1,93E-28 ABCAIl ATP-binding cassette, sub-family A (ABC1), member 1 [HGNC id: 29]
ABO blood group (transferase A, alpha 1-3-N-
SCF 5,29 6,15E-08 ABO acetylgalactosaminyltransferase; transferase B, alpha 1-3-
galactosyltransferase) [HGNC id: 79]
SCF 4,89  4,98E-07 APOCI1 apolipoprotein C-1 [HGNC id: 607]
SCF 471 125E-06 BCKDHA ‘:)garglglé?d chain keto acid dehydrogenase E1, alpha polypeptide [HGNC
SCF 4,63 1,83E-06 CBFB core-binding factor, beta subunit [HGNC id: 1539]
SCF 6,11 5,00E-10 CDA40 CD40 molecule, TNF receptor superfamily member 5 [HGNC id: 11919]
SCF 6,11 5,00E-10 CETP cholesteryl ester transfer protein, plasma [HGNC id: 1869]
SCF 493 4,18E-07 CKMTIA creatine kinase, mitochondrial 1A [HGNC id: 31736]

SCF 592 1,62E-09 CTRL chymotrypsin-like [HGNC id: 2524]
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SCF 5,09 1,83E-07 E2F4 E2F transcription factor 4, p107/p130-binding [HGNC id: 3118]
SCF 6,87 3,24E-12 LCAT lecithin-cholesterol acyltransferase [HGNC id: 6522]
SCF 520 9,72E-08 LIPC lipase, hepatic [HGNC id: 6619]
SCF 489 5,16E-07 MAPIA microtubule-associated protein 1A [HGNC id: 6835]
SCF 4,76 9,70E-07 MFAP1 microfibrillar-associated protein 1 [HGNC id: 7032]
SCF 5,00 2,89E-07 AFF1 AF4/FMR2 family, member 1 [HGNC id: 7135]
SCF 611 500E-10 MMP9 ir\l/a::ré)lcl ar‘rglc;tre:;lsfg;e[%l((}ila\lsé ?d(:g;}a;ér]lase B, 92kDa gelatinase, 92kDa type
SCF 803 473E-16 NFATC3 F;Icé;?é fiz:ic:t(;r7 % ]actlvated T-cells, cytoplasmic, calcineurin-dependent 3
SCF 8,08 3,30E-16 PLTP phospholipid transfer protein [HGNC id: 9093]
SCF 5,04 230E-07 PONI1 paraoxonase 1 [HGNC id: 9204]
SCF 8,00 6,23E-16 CTSA cathepsin A [HGNC id: 9251]
SCF 7,60 1,48E-14 PSKHI protein serine kinase H1 [HGNC id: 9529]
SCF 649 436E-11 PSMBIO gg(;tg]asome (prosome, macropain) subunit, beta type, 10 [HGNC id:
SCF 474 105E-06 SLCYAS fg;ﬁi ;;rals'rl[e}rl gﬁél}i/d?’lsﬁ;fg?my A (NHES, cation proton antiporter 5),
SCF 663 167E-11 SLCI2A4 ?[O—IhCl}t]S] éairé:elrof;rlrgl]ly 12 (potassium/chloride transporter), member 4
SCF 5,70  6,07E-09 MED22 mediator complex subunit 22 [HGNC id: 11477]
SCF 4,98 3,22E-07 HNFIA HNF1 homeobox A [HGNC id: 11621]
SCF 8,29 5,75E-17 TNNC2 troponin C type 2 (fast) [HGNC id: 11944]
SCF 5,00 2,89E-07 TP53BP1 tumor protein p53 binding protein 1 [HGNC id: 11999]
SCF 492 431B-07 NOL3 r711§<6:196]013r protein 3 (apoptosis repressor with CARD domain) [HGNC id:
SCF 538 3.62E-08 SLCTAG fg;ﬁi ;;ragrl[e}rl (f;;]nél}lfj ﬁr&li;) acid transporter light chain, y+L system),
SCF 5,24  8,16E-08 LCMT2 leucine carboxyl methyltransferase 2 [HGNC id: 17558]
SCF 6,98 1,43E-12 ACOTS8 acyl-CoA thioesterase 8 [HGNC id: 15919]
SCF 6,11 5,00E-10 NUTF2 nuclear transport factor 2 [HGNC id: 13722]
S50 1308 LLkgz  lgkeote ety ni by (0 T nd
SCF 7,87 1,76E-15 WFDC2 WAP four-disulfide core domain 2 [HGNC id: 15939]
SCF 7,12 5,53E-13 CTCF CCCTC-binding factor (zinc finger protein) [HGNC id: 13723]
SCF 5,32 5,07E-08 SPINT3 serine peptidase inhibitor, Kunitz type, 3 [HGNC id: 11248]
SCF 781 2.85E-15 LILRA3 ﬁﬁgfgf I;r;rnns;o?jgl[ogélll\?(—:llil: ge6coe4p]t0r, subfamily A (without TM
SCF 521 9,36E-08 CACFDI calcium channel flower domain containing 1 [HGNC id: 1365]
SCF 5,37 3,91E-08 EDC4 enhancer of mRNA decapping 4 [HGNC id: 17157]
SCF 7,75 4,74E-15 PLA2G15 phospholipase A2, group XV [HGNC id: 17163]
SCF 5,42  294E-08 TUBGCP4 tubulin, gamma complex associated protein 4 [HGNC id: 16691]
SCF 5,51 1,84E-08 TP53TG5 TP53 target 5 [HGNC id: 15856]
SCF 5590 1.16E-08 PIGT ﬁ)ﬁgg%l]latldylmosnol glycan anchor biosynthesis, class T [HGNC id:
SCF 5,68 6,70E-09 PRMT7 protein arginine methyltransferase 7 [HGNC id: 25557]
SCF 7,58 1,67E-14 DUS2 dihydrouridine synthase 2 [HGNC id: 26014]
SCF 6,13 4,39E-10 DDX28 DEAD (Asp-Glu-Ala-Asp) box polypeptide 28 [HGNC id: 17330]
SCF 7,32  1,21E-13 TSNAXIP1 translin-associated factor X interacting protein 1 [HGNC id: 18586]
SCF 718  3.56E-13 DBNDD2 iig/s?;rgél;x] (dystrobrevin binding protein 1) domain containing 2 [HGNC
SCF 781 277E-15 SLCI2AS solute carrier family 12 (potassium/chloride transporter), member 5

[HGNC id: 13818]
SCF 7,06 828E-13 RANBPI0  RAN binding protein 10 [HGNC id: 29285]
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SCF 6,68 1,19E-11 NCOAS nuclear receptor coactivator 5 [HGNC id: 15909]
SCF 6,11 5,00E-10 ZNF335 zinc finger protein 335 [HGNC id: 15807]
SCF 6,11 5,00E-10 PCIFI1 PDX1 C-terminal inhibiting factor 1 [HGNC id: 16200]
SCF 6,11 5,00E-10 DPEP2 dipeptidase 2 [HGNC id: 23028]
SCF 6,81 5,03E-12 DPEP3 dipeptidase 3 [HGNC id: 23029]
SCF 7,40 6,62E-14 CDH22 cadherin 22, type 2 [HGNC id: 13251]
SCF 4,93  4,12E-07 Cl2o0rf43 chromosome 12 open reading frame 43 [HGNC id: 25719]
SCF 8,03 490E-16 ACD adrenocortical dysplasia homolog (mouse) [HGNC id: 25070]
SCF 6,94 1,99E-12 FAMG65SA family with sequence similarity 65, member A [HGNC id: 25836]
SCF 4,99 295E-07 ELMO3 engulfment and cell motility 3 [HGNC id: 17289]
SCF 4,72 1,18E-06 WDR76 WD repeat domain 76 [HGNC id: 25773]
SCF 8,11 245E-16 ESRP2 epithelial splicing regulatory protein 2 [HGNC id: 26152]
SCF 6,02 8,76E-10 CENPT centromere protein T [HGNC id: 25787]
SCF 4,56  2,60E-06 ELL3 elongation factor RNA polymerase 1I-like 3 [HGNC id: 23113]
SCF 7,59 1,58E-14 GFOD2 glucose-fructose oxidoreductase domain containing 2 [HGNC id: 28159]
SCF 493 4,07E-07 ENKDI enkurin domain containing 1 [HGNC id: 25246]
SCF 535 439B-08 TOMMAOL Egr(l}s;]()éaize: (Z)g g;lge]r mitochondrial membrane 40 homolog (yeast)-like
SCF 6,92 2,29E-12 SLC7A60S  solute carrier family 7, member 6 opposite strand [HGNC id: 25807]
SCF 7,27 1,84E-13 FRMDS FERM domain containing 5 [HGNC id: 28214]
SCF 4,61 2,03E-06 DOCK7 dedicator of cytokinesis 7 [HGNC id: 19190]
SCF 500 2.86E-07 SYSI S;S \}i Sg;giﬁgﬁg?gzlrf;gg;} membrane protein homolog (S.
SCF 5,97 1,17E-09 WFDCS8 WAP four-disulfide core domain 8 [HGNC id: 16163]
SCF 7,54 242E-14 SNX21 sorting nexin family member 21 [HGNC id: 16154]
SCF 7,87 1,75E-15 ZSWIM1 zinc finger, SWIM-type containing 1 [HGNC id: 16155]
SCF 740 685E-14 DNTTIPI (lilz(iz}(;r]lucleotidyltransferase, terminal, interacting protein 1 [HGNC id:
SCF 4,59 2,20E-06 TGM7 transglutaminase 7 [HGNC id: 30790]
SCF 6,11 5,00E-10 NRNIL neuritin 1-like [HGNC id: 29811]
SCF 7,69 7,08E-15 SPATA25 spermatogenesis associated 25 [HGNC id: 16158]
SCF 7,96 8,68E-16 NEURL2 neuralized E3 ubiquitin protein ligase 2 [HGNC id: 16156]
SCF 7,38 7,74E-14 ZSWIM3 zinc finger, SWIM-type containing 3 [HGNC id: 16157]
SCF 4,57 241E-06 WFDCIOA  WAP four-disulfide core domain 10A [HGNC id: 16139]
SCF 6,17 3,34E-10 WFDC6 WAP four-disulfide core domain 6 [HGNC id: 16164]
SCF 774  497E-15 RLTPR CR(Slzir;isz}lleéIc\;geiglflzl ;gggjits, tropomodulin domain and proline-rich
SCF 4,90 4,70E-07 STRC stereocilin [HGNC id: 16035]
SCF 5,31  5,55E-08 ADAL adenosine deaminase-like [HGNC id: 31853]
SCF 7,05 8,90E-13 WFDC13 WAP four-disulfide core domain 13 [HGNC id: 16131]
SCF 6,30 1,46E-10 WFDC9 WAP four-disulfide core domain 9 [HGNC id: 20380]
SCF 4,71 1,22E-06 WFDC10B WAP four-disulfide core domain 10B [HGNC id: 20479]
SCF 4,64 1,774E-06 CES4A carboxylesterase 4A [HGNC id: 26741]
SCF 4,65 1,65E-06 EXOC3LI1 exocyst complex component 3-like 1 [HGNC id: 27540]
61 2eteiz Liwas fakoons modtuly ke s sy A it T
SCF 476 945E-07 B3GNTS UDP-GIcNAc:betaGal beta-1,3-N-acetylglucosaminyltransferase 8

[HGNC id: 24139]
SCF 4,87 5,64E-07 CKMTIA creatine kinase, mitochondrial 1A [HGNC id: 31736]

SCF 4,83  6,86E-07 KIAAO0895L KIAA0895-like [HGNC id: 34408]
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SCGF-b 5,34  4,56E-08 CKB creatine kinase, brain [HGNC id: 1991]
SCGF-b 5,66 7,79E-09 CFH complement factor H [HGNC id: 4883]
SCGEF-b 4,58 2,33E-06 CFHRI complement factor H-related 1 [HGNC id: 4888]
SCGF-b 5,04 227E-07 TNPOI transportin 1 [HGNC id: 6401]
SCGEF-b 5,45 2,55E-08 MARK3 MAP/microtubule affinity-regulating kinase 3 [HGNC id: 6897]
SCGF-b 582 3.01E-09 NFATC3 F;Icé;?é fiz:ic:t(;r7 % ]actlvated T-cells, cytoplasmic, calcineurin-dependent 3
SCGEF-b 5,36 4,25E-08 RBBPS5 retinoblastoma binding protein 5 [HGNC id: 9888]
SCGF-b 535 4,49E-08 RPNI ribophorin I [HGNC id: 10381]
SCGEF-b 5,85 2,40E-09 RRBPI1 ribosome binding protein 1 [HGNC id: 10448]
SCGEF-b 7,89 1,46E-15 CLECIIA C-type lectin domain family 11, member A [HGNC id: 10576]
SCGF-b 6,43 6,58E-11 CAPNI15 calpain 15 [HGNC id: 11182]
SCGF-b 6,82 4,61E-12 HSP90BI1 heat shock protein 90kDa beta (Grp94), member 1 [HGNC id: 12028]
SCGEF-b 8,34 3,67E-17 RABIIFIP3 RABII family interacting protein 3 (class II) [HGNC id: 17224]
SCGF-b 489 497E-07 TMCC2 transmembrane and coiled-coil domain family 2 [HGNC id: 24239]
SCGF-b 4,62 1,94E-06 CLEC4M C-type lectin domain family 4, member M [HGNC id: 13523]
SCGF-b 4,67 149E-06 KLHL18 kelch-like family member 18 [HGNC id: 29120]
SCGF-b 5,58 1,23E-08 PLA2GI1S5 phospholipase A2, group XV [HGNC id: 17163]
SCGF-b 7,08 7,06E-13 DECR2 2,4-dienoyl CoA reductase 2, peroxisomal [HGNC id: 2754]
SCGF-b 7,95 9,07E-16 CHSTI1 carbohydrate (chondroitin 4) sulfotransferase 11 [HGNC id: 17422]
SCGF-b 7,79 3,33E-15 SHANKI SH3 and multiple ankyrin repeat domains 1 [HGNC id: 15474]
SCGF-b 6,18 3,13E-10 MFSD6 major facilitator superfamily domain containing 6 [HGNC id: 24711]
SCGF-b 5,48 2,15E-08 DUS2 dihydrouridine synthase 2 [HGNC id: 26014]
SCGF-b 592  1,60E-09 KLKI15 kallikrein-related peptidase 15 [HGNC id: 20453]
SCGF-b 8,60 4,03E-18 STAB2 stabilin 2 [HGNC id: 18629]
SCGF-b 5,34  4,73E-08 DDX28 DEAD (Asp-Glu-Ala-Asp) box polypeptide 28 [HGNC id: 17330]
SCGF-b 5,08 1,94E-07 DPEP2 dipeptidase 2 [HGNC id: 23028]
SCGF-b 5,38 3,79E-08 DHRSI12 dehydrogenase/reductase (SDR family) member 12 [HGNC id: 25832]
SCGF-b 6,56 2,64E-11 ATP8B4 ATPase, class I, type 8B, member 4 [HGNC id: 13536]
SCGF-b 6,18 3,12E-10 ESRP2 epithelial splicing regulatory protein 2 [HGNC id: 26152]
SCGF-b 6,03 8,22E-10 GLT8D2 glycosyltransferase 8 domain containing 2 [HGNC id: 24890]
SCGEF-b 4,85 6,32E-07 SYT3 synaptotagmin III [HGNC id: 11511]
SCGF-b 561 9.84E-09 TRMT6IA ;I;I;IQAO ]methyltransferase 61 homolog A (8. cerevisiae) [HGNC id:
SCGEF-b 530 591E-08 WDFY2 WD repeat and FYVE domain containing 2 [HGNC id: 20482]
SCGF-b 4,63 1,82E-06 NRNIL neuritin 1-like [HGNC id: 29811]
SCGEF-b 4,78  8,64E-07 PROSER2 proline and serine-rich protein 2 [HGNC id: 23728]
SCGEF-b 4,86  5,93E-07 C2orf74 chromosome 2 open reading frame 74 [HGNC id: 34439]
SCGF-b 595 1,36E-09 Cl2o0rf73 chromosome 12 open reading frame 73 [HGNC id: 34450]
SCGEF-b 4,72 1,16E-06 TMEMI194B transmembrane protein 194B [HGNC id: 33700]
SDF-1a 7,50 3,13E-14 CXCLI12 chemokine (C-X-C motif) ligand 12 [HGNC id: 10672]
SDF-1a 4,80 7,92E-07 NBEAL2 neurobeachin-like 2 [HGNC id: 31928]
SDF-1a 4,90 491E-07 MKRN2 makorin ring finger protein 2 [HGNC id: 7113]
SDF-1a 499 297E-07 SETD2 SET domain containing 2 [HGNC id: 18420]
SDF-1a 5,95 1,33E-09 Cl0orf54 chromosome 10 open reading frame 54 [HGNC id: 30085]

SDF-1a 4,90 4,82E-07 TSEN2 TSEN2 tRNA splicing endonuclease subunit [HGNC id: 28422]
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Table A.4 (cont.)
Cytokine Z-score  P-value gf(l}nlzocl HGNC description
SDF-1a 6,06 6,85E-10 0 Aminopeptidase Q [Source:UniProtKB/Swiss-Prot;Acc:Q6Q4G3]
SDF-1a 5,61 1,01E-08 REEP3 receptor accessory protein 3 [HGNC id: 23711]
SDF-1a 5,18 1,13E-07 JMIJDIC jumonji domain containing 1C [HGNC id: 12313]
TNF-a 6,10 5,20E-10 CFH complement factor H [HGNC id: 4883]
TNF-b 6,11 5,00E-10 CFH complement factor H [HGNC id: 4883]
TNF-b 480 7,76E-07 CFHR2 complement factor H-related 2 [HGNC id: 4890]
TNF-b 495 3,78E-07 CFHR4 complement factor H-related 4 [HGNC id: 16979]
TRAIL 4,85 6,04E-07 C2 complement component 2 [HGNC id: 1248]
TRAIL 542 296E-08 C4A complement component 4A (Rodgers blood group) [HGNC id: 1323]
TRAIL 7,62 1,26E-14 CFH complement factor H [HGNC id: 4883]
TRAIL 6,53 3,23E-11 KNGI kininogen 1 [HGNC id: 6383]
TRAIL 4,87 5,54E-07 MEPIB meprin A, beta [HGNC id: 7020]
TRAIL 5,19  1,08E-07 SKIV2L superkiller viralicidic activity 2-like (S. cerevisiae) [HGNC id: 10898]
TRAIL 5,15 1,32E-07 TNXB tenascin XB [HGNC id: 11976]
TRAIL 4,91 4,67E-07 VARS valyl-tRNA synthetase [HGNC id: 12651]
TRAIL 5,11 1,61E-07 NELFE negative elongation factor complex member E [HGNC id: 13974]
TRAIL 6.65 146E-11 TNESF10 t1uln91§; ]necr051s factor (ligand) superfamily, member 10 [HGNC id:
TRAIL 5,52 1,68E-08 STKI19 serine/threonine kinase 19 [HGNC id: 11398]
TRAIL 4,69 1,37E-06 PPT2 palmitoyl-protein thioesterase 2 [HGNC id: 9326]
TRAIL 482 727E-07 CFHR3 complement factor H-related 3 [HGNC id: 16980]
TRAIL 520 9,92E-08 CRBI crumbs homolog 1 (Drosophila) [HGNC id: 2343]
TRAIL 4,62  1,96E-06 ZNF428 zinc finger protein 428 [HGNC id: 20804]
TRAIL 5,14 1,36E-07 CADM4 cell adhesion molecule 4 [HGNC id: 30825]
VEGF 498  3.15E-07 SLC29A1 ?[O—IhCl}t]S] éairé:elrlf(z)i(r)rgl]ly 29 (equilibrative nucleoside transporter), member 1
VEGF 483 695E-07 GRIN2B Ag‘lslgtgﬁnate receptor, ionotropic, N-methyl D-aspartate 2B [HGNC id:
VEGF 469 139E-06 HSPOOABI ?(ia; ;}Slg]ck protein 90kDa alpha (cytosolic), class B member 1 [HGNC
VEGF 5,14 1,38E-07 ORMI orosomucoid 1 [HGNC id: 8498]
VEGF 5,55 1,47E-08 VEGFA vascular endothelial growth factor A [HGNC id: 12680]
VEGF 4,97 3,43E-07 KIAA0020  KIAA0020 [HGNC id: 29676]
VEGF 503 239E-07 SLC22A7 is((j)}t;tgg(;alr]rler family 22 (organic anion transporter), member 7 [HGNC
VEGF 5,12 1,51E-07 CAPNI1 calpain 11 [HGNC id: 1478]
VEGF 7,75 4,43E-15 ZFPM2 zinc finger protein, FOG family member 2 [HGNC id: 16700]
VEGF 4,62 1,93E-06 ZNF318 zinc finger protein 318 [HGNC id: 13578]
VEGF 7,01  1,21E-12 NRBF2 nuclear receptor binding factor 2 [HGNC id: 19692]
VEGF 7,25 2,05E-13 TMEM63B  transmembrane protein 63B [HGNC id: 17735]
VEGF 7,21 2,78E-13 MRPLI14 mitochondrial ribosomal protein L14 [HGNC id: 14279]
VEGF 4,67 1,53E-06 DLK2 delta-like 2 homolog (Drosophila) [HGNC id: 21113]
VEGF 464 172E-06 ABCCIO ﬁgg}?inding cassette, sub-family C (CFTR/MRP), member 10 [HGNC
VEGF 5,62 9,74E-09 ZFPM1 zinc finger protein, FOG family member 1 [HGNC id: 19762]
VEGF 8,16 1,65E-16 REEP3 receptor accessory protein 3 [HGNC id: 23711]
VEGF 7,68 8,11E-15 JMIDIC jumonji domain containing 1C [HGNC id: 12313]
VEGF 791 1,27E-15 Cé6orf223 chromosome 6 open reading frame 223 [HGNC id: 28692]

VEGF 5,52 1,73E-08 CRIP3 cysteine-rich protein 3 [HGNC id: 17751]
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Table A.S5. TWAS-MR functional analysis. Results from inverse-variance weighted TWAS-MR analysis

showing 245 significant associations between cis-eQTL’s and circulating cytokine levels.

FDR-corrected p-

Exposure Outcome Ngnp Beta SE P-value value
IGHV4-28 bNGF 2 -0,16 0,03 3,07E-08 2,07E-04
LCMT2 bNGF 10 -0,06 0,01 2,53E-06 7,98E-03
NKTR bNGF 4 0,10 0,02 2,51E-05 4,34E-02
FCERIA Eotaxin 7 0,06 0,01 2,07E-05 3,80E-02
RAPGEF6 Eotaxin 3 -0,21 0,05 2,80E-05 4,51E-02
CCRI1 Eotaxin 17 0,12 0,03 6,89E-06 1,67E-02
CCR3 Eotaxin 11 -0,10 0,02 3,13E-06 9,42E-03
FLT1P1 Eotaxin 7 -0,23 0,05 1,39E-06 5,12E-03
CTD-3064H18.6 Eotaxin 2 -0,31 0,06 5,86E-08 3,56E-04
FCGR2B Eotaxin 22 0,04 0,01 1,45E-06 5,23E-03
ZNRD1 Eotaxin 6 0,10 0,02 8,17E-06 1,86E-02
ZNF573 Eotaxin 2 -0,11 0,02 4,73E-07 2,24E-03
DARC Eotaxin 2 0,22 0,02 2,42E-19 9,78E-15
ZNF790-AS1 Eotaxin 3 -0,21 0,04 1,07E-06 4,11E-03
SNHGS FGF-b 4 -0,09 0,02 3,27E-05 4,92E-02
IGFBP2 G-CSF 4 -0,06 0,01 3,88E-06 1,08E-02
PVR G-CSF 2 0,27 0,04 9,76E-10 8,89E-06
RTN2 G-CSF 2 0,20 0,04 7,06E-07 2,92E-03
HLA-DRB5 G-CSF 16 -0,03 0,01 1,40E-07 7,51E-04
PPP1R37 G-CSF 3 -0,32 0,03 4,63E-21 2,41E-16
HCG22 GROa 6 0,11 0,02 5,21E-07 2,36E-03
FCERIA GROa 10 0,07 0,02 1,09E-05 2,31E-02
RP11-453E17.1 GROa 4 -0,08 0,02 3,65E-08 2,42E-04
WDR48 GROa 13 -0,05 0,01 6,61E-07 2,77E-03
DARC GROa 2 0,14 0,02 6,89E-11 8,37E-07
ZNF696 HGF 8 0,06 0,01 5,06E-07 2,33E-03
PDE2A HGF 4 -0,21 0,03 3,38E-12 4,92E-08
HIP1 HGF 19 0,03 0,01 1,45E-05 2,84E-02
AIF1 IFN-g 3 -0,15 0,04 1,34E-05 2,71E-02
SKIV2L IFN-g 5 0,18 0,02 4,49E-20 2,04E-15
IGFBP2 IFN-g 4 -0,06 0,01 1,98E-05 3,65E-02
TCEA3 IFN-g 3 0,12 0,03 5,01E-06 1,30E-02
NELFE IFN-g 2 -0,48 0,07 2,10E-13 3,82E-09
HLA-DRBS5 IFN-g 17 -0,04 0,01 2,27E-05 4,08E-02
SKIV2L IL-10 5 0,08 0,02 3,28E-05 4,92E-02
ATL3 IL-10 3 -0,10 0,02 2,61E-05 4,37E-02
HLA-DQBI1 IL-10 16 0,04 0,01 8,10E-06 1,86E-02
NELFE IL-10 2 -0,25 0,06 2,79E-05 4,51E-02
TCEA3 IL-13 3 0,12 0,03 2,42E-05 4,24E-02
HLA-DRBI1 IL-16 10 0,08 0,02 5,03E-07 2,33E-03
CHD7 IL-16 4 -0,11 0,02 1,06E-05 2,27E-02
PHOSPHO2 IL-16 10 -0,05 0,01 5,32E-06 1,36E-02
SPTBN1 IL-16 8 -0,07 0,02 5,04E-06 1,30E-02
SKIV2L IL-17 5 0,10 0,02 6,98E-08 4,12E-04
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Table A.5 (cont.)
FDR-corrected p-

Exposure Outcome Ngnp Beta SE P-value value
NOD2 IL-17 17 0,04 0,01 1,97E-05 3,64E-02
NELFE IL-17 2 -0,26 0,05 3,02E-08 2,07E-04
TIGDS IL-18 4 0,19 0,04 1,97E-06 6,53E-03
NLRC4 IL-18 3 0,78 0,12 5,16E-11 6,49E-07
AC092295.7 IL-18 5 0,13 0,03 2,51E-05 4,34E-02
FAM117B IL-18 29 -0,04 0,01 4,16E-06 1,12E-02
NFE2L3 IL-18 5 0,12 0,02 1,31E-08 9,94E-05
HLA-DRB5 IL-18 23 0,04 0,01 4,70E-08 2,90E-04
HLA-DQAL IL-1B 9 0,05 0,01 7,19E-07 2,94E-03
RP11-510J16.3 IL-1ra 3 0,29 0,05 5,76E-09 4,77E-05
ILIRN IL-1ra 2 0,36 0,04 2,46E-18 8,14E-14
ABO IL-1ra 8 0,08 0,02 2,11E-05 3,84E-02
TCEB3 IL-1ra 4 0,08 0,02 3,22E-06 9,61E-03
RARS IL-1ra 3 -0,18 0,04 9,85E-06 2,14E-02
DDAH2 IL-1ra 4 -0,06 0,01 1,59E-05 3,04E-02
HLA-DRBS5 IL-1ra 20 -0,03 0,01 2,57E-10 2,68E-06
MRPL33 IL-2 2 0,22 0,05 3,36E-05 4,99E-02
HLA-S IL-2 8 0,09 0,02 2,54E-06 7,98E-03
SSPO IL-2 8 0,07 0,02 4,25E-06 1,13E-02
HLA-DRB5 IL-2 15 -0,04 0,01 1,22E-08 9,46E-05
TAGAP IL-2ra 2 -0,19 0,04 1,61E-06 5,53E-03
HLA-DQA2 IL-2ra 11 0,06 0,01 1,59E-08 1,18E-04
SPTLC2 IL-2ra 8 0,07 0,02 5,50E-06 1,37E-02
MICA IL-2ra 14 0,06 0,01 4,08E-06 1,11E-02
NELFE IL-2ra 2 -0,21 0,05 2,86E-05 4,58E-02
HTATIP2 IL-2ra 11 0,07 0,02 1,05E-05 2,26E-02
HLA-DRBS5 IL-2ra 16 -0,05 0,01 5,58E-07 2,45E-03
SKIV2L IL-4 5 0,11 0,02 4,32E-08 2,76E-04
NELFE IL-4 2 -0,28 0,07 3,19E-05 4,84E-02
HLA-DRB5 IL-4 17 -0,03 0,01 8,61E-06 1,94E-02
NOD2 IL-5 17 0,04 0,01 1,10E-05 2,31E-02
HLA-C IL-6 24 -0,03 0,01 1,73E-06 5,87E-03
ALOX15 IL-6 5 -0,07 0,02 1,75E-05 3,29E-02
HLA-S IL-6 9 0,07 0,01 1,59E-06 5,53E-03
AKIP1 IL-6 13 -0,04 0,01 3,19E-05 4,84E-02
HLA-DRBS5 IL-6 20 -0,03 0,01 2,21E-07 1,12E-03
SKIV2L IL-7 5 0,09 0,02 9,51E-06 2,08E-02
SYK IL-7 12 -0,06 0,01 2,89E-05 4,58E-02
NCORI1 IL-8 2 -0,11 0,02 2,30E-08 1,64E-04
TNXB IL-8 3 -0,11 0,03 3,05E-05 4,74E-02
CXCR1 IL-8 7 -0,07 0,02 5,38E-06 1,36E-02
LSMD1 IL-8 6 0,09 0,02 2,97E-05 4,65E-02
CASC3 IL-8 6 -0,10 0,02 2,16E-05 3,90E-02
CENPV IL-8 6 -0,07 0,02 1,56E-05 3,00E-02
DARC IL-8 2 0,22 0,02 3,51E-21 2,13E-16
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Table A.5 (cont.)

FDR-corrected p-

Exposure Outcome Ngnp Beta SE P-value value
RP11-378A13.1 IL-8 12 -0,07 0,01 9,94E-08 5,57E-04
PLCL2 IL-8 9 0,05 0,01 2,58E-05 4,37E-02
uQcCcC IL-8 12 -0,05 0,01 7,71E-06 1,81E-02
MED24 IL-8 2 0,24 0,04 3,09E-09 2,61E-05
NELFE IL-8 3 -0,23 0,05 3,75E-06 1,08E-02
PNKD IL-8 11 -0,07 0,01 9,68E-08 5,51E-04
LCMT2 IL-8 10 -0,07 0,01 1,37E-07 7,51E-04
HLA-DQA1 1L-8 12 0,04 0,01 3,08E-05 4,75E-02
ASAP3 IL-9 2 0,21 0,05 2,74E-05 4,48E-02
SMADS 1L-9 17 0,11 0,01 1,82E-14 4,41E-10
TYK2 IP-10 5 -0,14 0,03 3,93E-07 1,91E-03
ATF6B IP-10 3 0,17 0,04 1,70E-05 3,21E-02
TRAFDI1 IP-10 2 0,94 0,06 7,42E-55 1,35E-49
NEU1 IP-10 2 -0,28 0,05 8,23E-09 6,66E-05
FKBPL IP-10 3 -0,23 0,05 2,67E-05 4,42E-02
WRB IP-10 11 -0,05 0,01 2,68E-05 4,42E-02
LCMT2 IP-10 10 -0,07 0,02 1,46E-05 2,84E-02
KLRC3 M-CSF 14 0,04 0,01 2,63E-05 4,37E-02
RP11-627G23.1 M-CSF 4 -0,12 0,02 2,50E-10 2,68E-06
KANSL1-AS1 M-CSF 11 -0,04 0,01 2,92E-06 8,94E-03
FAM69A M-CSF 3 0,05 0,01 5,79E-07 2,48E-03
CDC42SE2 M-CSF 0,05 0,01 2,96E-05 4,64E-02
ASB16-AS1 M-CSF 13 0,06 0,01 1,27E-05 2,59E-02
CSFIR M-CSF 5 0,21 0,03 3,14E-13 5,20E-09
HMGXB3 M-CSF 2 -0,18 0,03 3,52E-13 5,57E-09
RP3-473L9.4 M-CSF 2 -0,21 0,05 6,42E-06 1,58E-02
TIRAP M-CSF 2 0,23 0,05 3,88E-06 1,08E-02
MGATS M-CSF 4 -0,18 0,04 1,60E-06 5,53E-03
KIRREL3 M-CSF 3 0,18 0,04 4,53E-07 2,17E-03
RP11-704M14.1 M-CSF 4 0,10 0,02 2,73E-05 4,48E-02
AURKB M-CSF 2 0,15 0,03 8,05E-07 3,26E-03
UBE20 M-CSF 2 0,15 0,03 9,37E-06 2,06E-02
B3GATI1 M-CSF 6 -0,09 0,01 2,45E-09 2,13E-05
FCHO1 MCP-1 5 -0,08 0,02 3,27E-05 4,92E-02
KIAA0101 MCP-1 2 0,11 0,03 2,55E-05 4,37E-02
FCERIA MCP-1 10 0,12 0,02 9,86E-07 3,86E-03
KDELR2 MCP-1 20 0,03 0,01 1,69E-05 3,20E-02
DARC MCP-1 2 0,37 0,02 1,19E-75 4,33E-70
FLTIPI MCP-1 7 -0,20 0,02 3,57E-18 1,08E-13
NOTCH4 MCP-1 4 0,21 0,04 1,09E-08 8,67E-05
CCR2 MCP-1 4 -0,27 0,04 5,49E-10 5,13E-06
FCERIA MCP-3 4 -0,10 0,02 1,64E-07 8,54E-04
TRAFD1 MCP-3 2 0,41 0,06 9,09E-11 1,03E-06
SKIV2L MCP-3 4 0,11 0,02 7,08E-06 1,70E-02
MADD MCP-3 5 0,06 0,01 1,41E-05 2,83E-02
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Table A.5 (cont.)

Exposure Outcome Ngnp Beta SE P-value FDR-corrected p-

value
DARC MCP-3 2 -0,36 0,03 4,74E-30 4,32E-25
DDT MIF 16 -0,05 0,01 1,65E-05 3,14E-02
TIGDS MIF 4 0,14 0,02 4,12E-10 4,05E-06
AP000350.4 MIF 7 -0,15 0,02 1,16E-13 2,35E-09
AP000351.10 MIF 6 -0,13 0,02 1,92E-08 1,40E-04
GSTTI MIF 14 -0,05 0,01 8,10E-06 1,86E-02
ATF6B MIG 3 0,13 0,03 2,35E-05 4,16E-02
CCRI1 MIG 17 0,06 0,01 3,12E-05 4,80E-02
TRAFDI1 MIG 2 0,78 0,06 5,81E-38 7,05E-33
FKBPL MIG 3 -0,24 0,05 1,01E-05 2,17E-02
RNF5 MIG 5 -0,18 0,04 1,23E-06 4,61E-03
C4B MIG 6 0,06 0,01 2,74E-07 1,37E-03
PTPNI11 MIG 2 -0,21 0,05 2,33E-05 4,16E-02
MAP3KS MIG 2 -0,12 0,03 3,79E-06 1,08E-02
C4A MIG 6 -0,06 0,01 5,31E-07 2,36E-03
DHCR24 MIG 3 -0,11 0,02 2,69E-06 8,30E-03
RP11-128A6.2 MIG 2 -0,38 0,08 3,97E-06 1,10E-02
FCRL3 MIP-1a 16 0,04 0,01 6,98E-06 1,68E-02
CCL4 MIP-1a 4 0,41 0,06 2,96E-13 5,13E-09
HLA-DQA2 MIP-1a 15 0,04 0,01 2,54E-06 7,98E-03
MSHS5S MIP-1a 3 -0,29 0,06 1,22E-06 4,61E-03
MAP3KS8 MIP-1a 5 0,11 0,02 7,77E-06 1,81E-02
LY6GSC MIP-1a 11 -0,09 0,02 1,49E-05 2,90E-02
EMLA4 MIP-1a 9 0,05 0,01 1,84E-05 3,43E-02
PRDX1 MIP-1a 4 0,08 0,02 2,56E-05 4,37E-02
FAMI114Al MIP-1a 2 0,15 0,03 1,42E-05 2,83E-02
HLA-DRB5 MIP-1a 20 -0,03 0,01 1,11E-05 2,33E-02
GZMB MIP-1b 6 0,11 0,02 9,25E-06 2,04E-02
CCLA4L2 MIP-1b 4 1,23 0,11 8,59E-29 6,26E-24
RP11-981P6.1 MIP-1b 3 0,15 0,03 8,90E-06 1,98E-02
ACTA2 MIP-1b 26 -0,05 0,01 1,30E-06 4,84E-03
AC069363.1 MIP-1b 2 -0,25 0,03 4,92E-16 1,28E-11
MLFI1IP MIP-1b 4 -0,12 0,03 8,04E-06 1,86E-02
NDUFAF3 MIP-1b 2 0,21 0,05 1,16E-05 2,39E-02
TOX MIP-1b 5 0,17 0,04 8,25E-06 1,87E-02
IP6K2 MIP-1b 6 -0,19 0,03 8,12E-12 1,10E-07
FAM114A1 MIP-1b 2 0,30 0,06 1,39E-07 7,51E-04
TEN1-CDK3 MIP-1b 3 -0,12 0,03 2,88E-05 4,58E-02
GS1-124K5.3 PDGFbb 2 0,37 0,09 2,91E-05 4,59E-02
TMEM194B PDGFbb 6 0,06 0,01 1,41E-05 2,83E-02
LINC00304 PDGFbb 3 0,13 0,03 6,15E-06 1,53E-02
SERPINE2 PDGFbb 12 -0,08 0,01 1,85E-13 3,56E-09
TRIMS PDGFbb 9 0,05 0,01 3,00E-05 4,67E-02
ACO034220.3 PDGFbb 4 -0,08 0,02 5,68E-07 2,47E-03
RABGEF1 PDGFbb 6 -0,08 0,02 6,72E-06 1,64E-02
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Table A.5 (cont.)
FDR-corrected p-

Exposure Outcome Ngnp Beta SE P-value value
SLC8A3 PDGFbb 3 -0,14 0,02 7,89E-11 9,28E-07
TRIMS PDGFbb 5 0,14 0,03 3,56E-06 1,04E-02
RP11-18114.7 PDGFbb 8 -0,09 0,01 2,83E-10 2,87E-06
JAK2 PDGFbb 4 -0,08 0,02 3,36E-05 4,99E-02
BTBD6 PDGFbb 5 -0,11 0,02 4,70E-08 2,90E-04
HABP4 PDGFbb 2 -0,13 0,03 1,13E-05 2,36E-02
ELOVL7 PDGFbb 2 0,11 0,02 4,31E-06 1,13E-02
LCMT2 PDGFbb 10 -0,06 0,01 3,83E-06 1,08E-02
AL133216.1 RANTES 2 -0,45 0,07 4,83E-12 6,77E-08
ADHFE1 RANTES 25 0,03 0,01 2,39E-05 4,20E-02
AC069363.1 RANTES 2 -0,17 0,03 2,23E-09 1,98E-05
GNAIl RANTES 3 -0,22 0,05 3,16E-05 4,83E-02
HSD17B7P2 RANTES 6 -0,13 0,02 1,13E-13 2,35E-09
LILRAS SCF 5 -0,11 0,01 1,24E-18 4,50E-14
IFT46 SCF 2 -0,14 0,03 5,35E-06 1,36E-02
AC008984.7 SCF 3 -0,15 0,02 1,46E-12 2,22E-08
ABO SCF 8 0,14 0,03 4,28E-06 1,13E-02
DDX39B SCF 3 -0,14 0,03 1,04E-06 4,03E-03
BCKDHA SCF 2 0,11 0,02 2,17E-06 7,05E-03
DOCK7 SCF 2 -0,13 0,03 3,55E-06 1,04E-02
SPPL3 SCF 3 0,10 0,02 1,56E-06 5,53E-03
ACD SCF 2 -0,31 0,05 2,11E-10 2,33E-06
ADAL SCF 4 0,14 0,02 4,74E-10 4,55E-06
PRMT?7 SCF 4 0,14 0,03 5,49E-06 1,37E-02
LILRA3 SCF 11 -0,05 0,01 5,26E-07 2,36E-03
PRAMI1 SCF 2 0,12 0,03 2,48E-05 4,33E-02
STARDI10 SCF 7 -0,06 0,01 8,32E-07 3,33E-03
SURF6 SCF 4 -0,06 0,01 4,27E-06 1,13E-02
LCAT SCF 4 0,24 0,03 2,07E-17 5,81E-13
DPEP3 SCF 7 -0,15 0,03 1,62E-07 8,54E-04
WDFY2 SCGF-b 10 0,07 0,02 2,30E-06 7,40E-03
MFSD6 SCGF-b 15 0,05 0,01 1,74E-06 5,87E-03
ABTBI1 SCGF-b 8 -0,07 0,01 6,32E-07 2,68E-03
KCTDI11 SCGF-b 2 0,11 0,02 4,01E-06 1,10E-02
HIATLL1 SCGF-b 14 -0,05 0,01 7,34E-06 1,75E-02
DECR2 SCGF-b 8 0,10 0,02 3,01E-08 2,07E-04
NPDCl1 SCGF-b 4 -0,08 0,02 2,16E-06 7,05E-03
MARK3 SCGF-b 9 -0,11 0,02 4,14E-08 2,69E-04
AL359314.1 SCGF-b 2 -0,16 0,03 3,00E-06 9,10E-03
SIGLEC16 SCGF-b 3 -0,12 0,03 7,64E-06 1,81E-02
POUSF1P6 SCGF-b 5 -0,12 0,02 1,42E-06 5,16E-03
MEF2C SCGF-b 5 -0,22 0,05 2,57E-05 4,37E-02
CTSG SCGF-b 10 0,09 0,01 9,16E-14 2,09E-09
CTD-3018017.3 SCGF-b 5 0,09 0,02 8,74E-06 1,95E-02
TNPOL1 SCGF-b 2 0,33 0,08 2,61E-05 4,37E-02
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Table A.5 (cont.)

Exposure Outcome Ngnp Beta SE P-value FDR-corrected p-

value
MAP3KS5 SCGEF-b 2 -0,11 0,03 2,35E-05 4,16E-02
ACO016747.3 SCGF-b 4 0,15 0,03 8,08E-08 4,67E-04
LCAT SCGF-b 4 0,17 0,03 7,02E-08 4,12E-04
ASB16-AS1 SDF-1a 11 0,07 0,02 1,46E-05 2,84E-02
MAP3K8 SDF-1a 5 0,12 0,03 1,17E-05 2,41E-02
PHF11 SDF-1a 9 -0,09 0,02 2,65E-06 8,26E-03
SND1 SDF-1a 2 0,12 0,03 2,79E-05 4,51E-02
DPP4 SDF-1a 2 0,30 0,06 3,70E-06 1,07E-02
SKIV2L TNF-a 5 0,10 0,02 9,44E-07 3,74E-03
BETIL TNF-b 3 0,08 0,02 1,45E-05 2,84E-02
TRAFDI1 TNF-b 2 0,32 0,06 2,81E-07 1,39E-03
SKIV2L TNF-b 4 0,10 0,02 3,44E-06 1,02E-02
STK19P TNF-b 3 0,25 0,05 1,83E-06 6,11E-03
SKIV2L TRAIL 5 0,09 0,02 1,66E-07 8,54E-04
TNFSF10 TRAIL 2 0,12 0,03 2,59E-05 4,37E-02
NELFE TRAIL 3 -0,23 0,05 2,89E-05 4,58E-02
HLA-DQA1 TRAIL 12 0,04 0,01 1,77E-05 3,31E-02
SIRT1 VEGF 6 0,06 0,01 1,25E-05 2,55E-02
ORM2 VEGF 8 0,06 0,01 1,57E-06 5,53E-03
VEGFA VEGF 6 0,19 0,03 1,16E-11 1,50E-07
ENPPS5 VEGF 2 0,16 0,04 2,14E-05 3,87E-02
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Table A.6. Cytokine interconnections MR analysis. Cross-cytokine inverse-variance weighted MR anal-

ysis showing 65 significant associations between cis-variants and circulating cytokine levels.

MR FDR-corrected p-

MR log-transformed,

Exposure Outcome LDSC R? LDSC p-value MR Beta value FDR-corrected p-value
GROa bNGF 0,02 9,40E-01 -0,04 0,020 1,7
SCGFb bNGF 0,36 1,21E-01 0,07 0,020 1,7
TNF-b bNGF 0,46 2,41E-01 0,61 0,000 8,1
MIPla FGF-b 0,15 3,85E-01 0,13 0,013 1,9
IL-9 GROa 0,30 1,21E-02 0,34 0,000 5,5
TNF-b GROa 0,30 1,66E-02 0,34 0,002 2,7
VEGF GROa 0,63 2,01E-02 0,04 0,017 1,8
G-CSF HGF n/a n/a 0,86 0,028 1,6
IL-1ra HGF 0,37 8,54E-02 -0,09 0,003 2,6
VEGF HGF 0,51 1,95E-02 0,05 0,006 22
G-CSF IL-16 n/a n/a 0,57 0,001 33
TNF-b IL-16 0,25 5,75E-02 0,31 0,018 1,8
G-CSF IL-18 0,20 9,40E-01 0,70 0,023 1,6
G-CSF IL-1ra n/a n/a 0,58 0,025 1,6
TNF-b IL-1ra 0,29 2,43E-01 0,33 0,004 24
VEGF IL-1ra 0,31 2,63E-01 0,05 0,039 1,4
TNF-b IL-2ra 0,99 9,52E-04 0,70 0,000 8,5
G-CSF IL-8 n/a n/a -0,91 0,000 6,8
VEGF IL-8 0,53 2,40E-02 0,06 0,004 2,4
IL-1ra IL-9 0,20 1,45E-01 -0,07 0,037 14
TNF-b IL-9 0,66 8,11E-09 0,62 0,000 6,7
SDF-1a IP-10 0,37 7,15E-05 0,20 0,003 2,5
Eotaxin MCP-1 0,38 1,84E-06 0,24 0,000 33
MIF MCP-1 n/a n/a 0,19 0,032 1,5
VEGF MCP-1 0,22 2,51E-01 0,04 0,032 1,5
Eotaxin MCP-3 0,38 9,58E-04 1,37 0,021 1,7
IL-1ra MCP-3 0,15 3,11E-01 -0,09 0,006 2,2
IL-9 MCP-3 0,70 6,09E-07 0,36 0,000 3,6
TNF-b MCP-3 0,77 3,70E-09 0,92 0,000 14,0
VEGF MCP-3 1,23 4,81E-02 0,07 0,006 22
GROa M-CSF 0,02 8,54E-01 -0,03 0,035 1,5
IL-2ra M-CSF 0,29 1,41E-01 -0,12 0,035 1,5
VEGF M-CSF -0,10 6,26E-01 0,05 0,023 1,6
SDF-1a MIG 0,29 7,86E-03 0,18 0,007 22
TNF-b MIG 0,51 1,29E-04 0,41 0,003 2,6
G-CSF MIPla n/a n/a 0,62 0,000 4,2
HGF MIPla 0,40 1,88E-04 0,14 0,041 14
IL-1ra MIPla 0,29 2,11E-01 -0,10 0,000 5,0
TNF-b MIPla 0,51 4,04E-04 0,75 0,000 14,4
G-CSF MIP1b n/a n/a 0,99 0,000 44
IL-18 MIP1b 0,68 9,71E-02 0,28 0,034 1,5
RANTES MIP1b 0,25 4,80E-01 0,50 0,010 2,0
IL-9 PDGFbb 0,37 3,15E-05 0,28 0,000 38
MIPla PDGFbb 0,25 1,29E-02 0,07 0,032 1,5
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Table A.6 (cont.)

Exposure Outcome LDSC R? LDSC p-value MR Beta MR FDR-corrects;ll lll) ; FII;/IIE clgf;:;?:jfg_r‘::lesé
HGF RANTES 0,14 9,68E-02 0,22 0,019 1,7
IL-2ra RANTES 0,15 4,49E-01 0,14 0,035 1,5
1L-9 RANTES 0,32 8,77E-03 0,42 0,000 6,0
SDF-1a RANTES 0,28 4,33E-02 0,15 0,035 1,5
VEGF RANTES 0,61 4,07E-02 0,06 0,035 1,5
TNF-b SCGFb 0,35 4,10E-03 0,80 0,000 11,4
IL-9 SDF-1a 0,50 9,32E-07 0,28 0,003 2,6
IL-1ra TNF-a 0,29 1,83E-01 -0,11 0,000 39
IL-9 TNF-a 0,80 2,95E-24 0,32 0,000 35
MCP-3 TNF-a 0,93 9,79E-16 0,03 0,046 1,3
TNF-b TNF-a 0,96 7,49E-39 0,71 0,000 8,6
VEGF TNF-a 0,98 1,12E-02 0,08 0,001 33
IL-1ra TNE-b 0,29 2,43E-01 -0,10 0,013 1,9
MCP-3 TNF-b 0,77 3,70E-09 0,06 0,021 1,7
MCP-3 TRAIL 0,68 2,53E-03 0,04 0,008 2,1
TNF-b TRAIL 0,59 5,29E-03 0,63 0,000 10,6
GROa VEGF 0,63 2,01E-02 -0,03 0,026 1,6
IL-1ra VEGF 0,31 2,63E-01 -0,05 0,034 1,5
IL-9 VEGF 0,70 3,79E-02 0,17 0,034 1,5
RANTES VEGF 0,61 4,07E-02 0,11 0,006 22
TNF-b VEGF 0,88 1,41E-01 0,34 0,002 2,6
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Table A.7. Drug-target two-sample MR analysis. Drug-target inverse-variance weighted MR analysis
showing 24 significant associations between cis-variants and allergic and Autoimmune, cardiometabolic,

and cancer outcomes.
FDR-corrected p-

Disease group Exposure Outcome Ngnp Beta SE  P-value value
Autoimmune Eotaxin Asthma 10 0,02 0,05 7,59E-01 8,77E-01
Autoimmune FGF-b Asthma 41 0,06 0,02 1,84E-02 1,24E-01
Autoimmune G-CSF Asthma 2 1,71 0,47 291E-04 9,33E-03
Autoimmune GROa Asthma 45 -0,03 0,01 1,99E-02 1,29E-01
Autoimmune HGF Asthma 9 0,01 0,05 8,51E-01 9,40E-01
Autoimmune IL-16 Asthma 44 0,02 0,01 1,69E-01 4,18E-01
Autoimmune IL-18 Asthma 8 0,05 0,06 4,38E-01 6,45E-01
Autoimmune IL-1ra Asthma 29 -0,04 0,02 6,05E-02 2,55E-01
Autoimmune IL-2ra Asthma 12 0,00 0,05 9,78E-01 9,78E-01
Autoimmune IL-8 Asthma 3 0,02 0,16 8,89E-01 9,53E-01
Autoimmune IL-9 Asthma 8 0,04 0,05 4,50E-01 6,45E-01
Autoimmune IP-10 Asthma 4 -0,11 0,07 1,15E-01 3,58E-01
Autoimmune M-CSF Asthma 4 0,13 0,07 8,66E-02 3,15E-01
Autoimmune MCP-1 Asthma 3 -0,17 0,17 3,24E-01 5,87E-01
Autoimmune MCP-3 Asthma 39 0,01 0,01 3,58E-01 5,87E-01
Autoimmune MIF Asthma 6 0,05 0,07 5,06E-01 6,91E-01
Autoimmune MIG Asthma 8 0,07 0,06 2,24E-01 4,76E-01
Autoimmune MIP-1a Asthma 27 0,00 0,02 9,76E-01 9,78E-01
Autoimmune MIP-1b Asthma 15 0,01 0,03 6,27E-01 7,72E-01
Autoimmune RANTES Asthma 11 0,06 0,03 4,88E-02 2,35E-01
Autoimmune SCGF-b Asthma 22 -0,03 0,02 1,06E-01 3,42E-01
Autoimmune SDEF-1la Asthma 15 -0,01 0,05 9,08E-01 9,53E-01
Autoimmune TNF-b Asthma 4 0,21 0,30 4,81E-01 6,69E-01
Autoimmune TRAIL Asthma 5 0,04 0,08 6,06E-01 7,59E-01
Autoimmune VEGF Asthma 52 0,02 0,02 2,11E-01 4,74E-01
Autoimmune Eotaxin Crohn’s disease 11 -0,13 0,36 7,13E-01 8,44E-01
Autoimmune FGF-b Crohn’s disease 48 0,08 0,07 2,37E-01 4.89E-01
Autoimmune G-CSF Crohn’s disease 2 -2,64 0,79 8,16E-04 1,52E-02
Autoimmune GROa Crohn’s disease 57 -0,06 0,04 2,13E-01 4,74E-01
Autoimmune HGF Crohn’s disease 12 0,13 0,20 5,03E-01 6,91E-01
Autoimmune IL-16 Crohn’s disease 58 0,05 0,06 3,35E-01 5,87E-01
Autoimmune IL-18 Crohn’s disease 8 0,21 0,25 4,02E-01 6,11E-01
Autoimmune IL-1ra Crohn’s disease 33 -0,24 0,08 2,88E-03 2,68E-02
Autoimmune IL-2ra Crohn’s disease 14 0,64 0,17 1,45E-04 7,19E-03
Autoimmune 1L-8 Crohn’s disease 3 0,09 0,42 8,29E-01 9,29E-01
Autoimmune 1L-9 Crohn’s disease 8 -0,34 0,35 3,33E-01 5,87E-01
Autoimmune 1P-10 Crohn’s disease 8 -0,67 0,22 2,10E-03 2,24E-02
Autoimmune M-CSF Crohn’s disease 4 0,49 0,36 1,74E-01 4,18E-01
Autoimmune MCP-1 Crohn’s disease 3 -3,43 1,53 2,48E-02 1,31E-01
Autoimmune MCP-3 Crohn’s disease 51 -0,06 0,07 3,58E-01 5,87E-01
Autoimmune MIF Crohn’s disease 6 0,06 0,33 8,52E-01 9,40E-01
Autoimmune MIG Crohn’s disease 8 0,78 0,26 2,74E-03 2,68E-02
Autoimmune MIP-1a Crohn’s disease 33 -0,11 0,09 2,45E-01 4,93E-01
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Table A.7 (cont.)
FDR-corrected p-

Disease group Exposure Outcome Ngnp Beta SE  P-value value
Autoimmune MIP-1b Crohn’s disease 20 -0,13 0,12 2,65E-01 5,26E-01
Autoimmune RANTES Crohn’s disease 12 0,09 0,15 5,28E-01 6,96E-01
Autoimmune SCGF-b Crohn’s disease 27 -0,11 0,08 1,56E-01 4,07E-01
Autoimmune SDF-1la Crohn’s disease 17 0,57 0,18 1,37E-03 2,24E-02
Autoimmune TNF-b Crohn’s disease 2 0,46 0,64 4,71E-01 6,68E-01
Autoimmune TRAIL Crohn’s disease 6 -0,45 0,17 7,46E-03 5,56E-02
Autoimmune VEGF Crohn’s disease 64 0,03 0,07 6,25E-01 7,72E-01
Autoimmune Eotaxin Multiple sclerosis 10 -0,01 0,21 9,62E-01 9,77E-01
Autoimmune FGF-b Multiple sclerosis 34 -0,05 0,05 2,87E-01 5,58E-01
Autoimmune G-CSF Multiple sclerosis 2 -0,47 0,62 4,46E-01 6,45E-01
Autoimmune GROa Multiple sclerosis 33 -0,02 0,04 5,41E-01 7,07E-01
Autoimmune HGF Multiple sclerosis 11 -0,25 0,17 1,33E-01 3,83E-01
Autoimmune 1L-16 Multiple sclerosis 44 0,04 0,05 4,48E-01 6,45E-01
Autoimmune 1IL-18 Multiple sclerosis 6 -0,19 0,21 3,53E-01 5,87E-01
Autoimmune IL-1ra Multiple sclerosis 30 -0,16 0,07 2,42E-02 1,31E-01
Autoimmune IL-2ra Multiple sclerosis 13 2,11 0,45 247E-06 3,68E-04
Autoimmune IL-8 Multiple sclerosis 3 0,73 0,44 1,01E-01 3,35E-01
Autoimmune 1L-9 Multiple sclerosis 6 0,02 0,24 9,49E-01 9,75E-01
Autoimmune IP-10 Multiple sclerosis 7 0,42 0,17 1,09E-02 7,72E-02
Autoimmune M-CSF Multiple sclerosis 4 0,88 0,39 2,18E-02 1,31E-01
Autoimmune MCP-1 Multiple sclerosis 2 0,64 0,47 1,77E-01 4,18E-01
Autoimmune MCP-3 Multiple sclerosis 50 -0,09 0,05 4,71E-02 2,34E-01
Autoimmune MIF Multiple sclerosis 5 -0,24 0,29 4,02E-01 6,11E-01
Autoimmune MIG Multiple sclerosis 7 -0,19 0,21 3,60E-01 5,87E-01
Autoimmune MIP-1a Multiple sclerosis 25 0,00 0,07 9,64E-01 9,77E-01
Autoimmune MIP-1b Multiple sclerosis 16 0,10 0,10 3,48E-01 5,87E-01
Autoimmune RANTES Multiple sclerosis 10 -0,43 0,12 3,92E-04 9,74E-03
Autoimmune SCGF-b Multiple sclerosis 23 0,05 0,05 3,61E-01 5,87E-01
Autoimmune SDF-1la Multiple sclerosis 17 -0,28 0,15 6,13E-02 2,55E-01
Autoimmune TNF-b Multiple sclerosis 4 -2,18 0,60 3,13E-04 9,33E-03
Autoimmune TRAIL Multiple sclerosis 6 0,18 0,12 1,34E-01 3,83E-01
Autoimmune VEGF Multiple sclerosis 59 -0,05 0,05 3,62E-01 5,87E-01
Autoimmune Eotaxin Psoriasis 11 0,08 0,20 6,83E-01 8,27E-01
Autoimmune FGF-b Psoriasis 48 0,15 0,05 5,55E-03 4,60E-02
Autoimmune G-CSF Psoriasis 2 -0,89 0,50 7,22E-02 2,76E-01
Autoimmune GROa Psoriasis 57 -0,06 0,04 1,11E-01 3,53E-01
Autoimmune HGF Psoriasis 12 -0,13 0,16 3,98E-01 6,11E-01
Autoimmune 1IL-16 Psoriasis 57 0,07 0,04 8,96E-02 3,18E-01
Autoimmune IL-18 Psoriasis 8 0,94 0,22 2,35E-05 1,75E-03
Autoimmune IL-1ra Psoriasis 33 0,02 0,09 8,27E-01 9,29E-01
Autoimmune IL-2ra Psoriasis 13 -0,13 0,16 4,21E-01 6,27E-01
Autoimmune 1L-8 Psoriasis 3 0,74 0,55 1,81E-01 421E-01
Autoimmune 1L-9 Psoriasis 7 -0,12 0,26  6,57E-01 8,02E-01
Autoimmune IP-10 Psoriasis 8 -0,47 0,21 2,56E-02 1,31E-01
Autoimmune M-CSF Psoriasis 4 -0,08 0,34 8,03E-01 9,13E-01
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Table A.7 (cont.)

FDR-corrected p-

Disease group Exposure Outcome Ngnp Beta SE  P-value value
Autoimmune MCP-1 Psoriasis 3 -0,09 0,51 8,66E-01 9,48E-01
Autoimmune MCP-3 Psoriasis 49 0,06 0,04 1,51E-01 4,03E-01
Autoimmune MIF Psoriasis 4 0,53 0,35 1,30E-01 3,83E-01
Autoimmune MIG Psoriasis 8 0,43 0,32 1,76E-01 4,18E-01
Autoimmune MIP-1a Psoriasis 28 -0,11 0,08 1,64E-01 4,18E-01
Autoimmune MIP-1b Psoriasis 16 -0,01 0,11 9,45E-01 9,75E-01
Autoimmune RANTES Psoriasis 12 -0,23 0,12 5,39E-02 2,51E-01
Autoimmune SCGF-b Psoriasis 27 -0,10 0,06 8,43E-02 3,14E-01
Autoimmune SDF-1la Psoriasis 17 0,50 0,16 1,61E-03 2,24E-02
Autoimmune TNF-b Psoriasis 4 2,10 2,49 3,98E-01 6,11E-01
Autoimmune TRAIL Psoriasis 6 -0,25 0,17 1,37E-01 3,83E-01
Autoimmune VEGF Psoriasis 63 -0,12 0,05 7,26E-03 5,56E-02
Autoimmune Eotaxin Rheumatoid arteritis 9 0,02 0,15 8,92E-01 9,53E-01
Autoimmune FGF-b Rheumatoid arteritis 35 0,04 0,06 4,75E-01 6,68E-01
Autoimmune GROa Rheumatoid arteritis 22 0,01 0,08 9,02E-01 9,53E-01
Autoimmune HGF Rheumatoid arteritis 10 -0,05 0,18 7,92E-01 9,07E-01
Autoimmune IL-16 Rheumatoid arteritis 28 0,12 0,07 1,01E-01 3,35E-01
Autoimmune IL-18 Rheumatoid arteritis 4 0,39 0,28 1,74E-01 4,18E-01
Autoimmune IL-1ra Rheumatoid arteritis 28 -0,29 0,08 5,39E-04 1,15E-02
Autoimmune IL-2ra Rheumatoid arteritis 13 0,08 0,25 7,34E-01 8,61E-01
Autoimmune IL-8 Rheumatoid arteritis 3 0,56 0,38 1,42E-01 3,84E-01
Autoimmune 1L-9 Rheumatoid arteritis 5 -0,12 0,32 7,06E-01 8,41E-01
Autoimmune IP-10 Rheumatoid arteritis 4 0,40 0,48 4,06E-01 6,12E-01
Autoimmune M-CSF Rheumatoid arteritis 4 0,52 0,50 2,95E-01 5,63E-01
Autoimmune MCP-1 Rheumatoid arteritis 2 -0,15 0,50 7,55E-01 8,77E-01
Autoimmune MCP-3 Rheumatoid arteritis 37 -0,02 0,04 5,60E-01 7,17E-01
Autoimmune MIF Rheumatoid arteritis 2 0,24 0,63 7,03E-01 8,41E-01
Autoimmune MIG Rheumatoid arteritis 7 -0,53 0,28 6,42E-02 2,55E-01
Autoimmune MIP-1a Rheumatoid arteritis 14 0,11 0,10 2,88E-01 5,58E-01
Autoimmune MIP-1b Rheumatoid arteritis 9 -0,07 0,12 5,55E-01 7,17E-01
Autoimmune RANTES Rheumatoid arteritis 8 -0,02 0,14 8,91E-01 9,53E-01
Autoimmune SCGF-b Rheumatoid arteritis 18 -0,06 0,10 5,20E-01 6,96E-01
Autoimmune SDF-1la Rheumatoid arteritis 14 -0,08 0,14 5,85E-01 7,38E-01
Autoimmune TNF-b Rheumatoid arteritis 4 3,11 1,63  5,57E-02 2,52E-01
Autoimmune TRAIL Rheumatoid arteritis 5 -0,16 0,17 3,64E-01 5,87E-01
Autoimmune VEGF Rheumatoid arteritis 39 -0,09 0,05 6,18E-02 2,55E-01
Autoimmune Eotaxin Ulcerative colitis 11 -0,29 0,19 1,37E-01 3,83E-01
Autoimmune FGF-b Ulcerative colitis 48 0,08 0,07 2,16E-01 4,74E-01
Autoimmune G-CSF Ulcerative colitis 2 -2,80 1,24 2,34E-02 1,31E-01
Autoimmune GROa Ulcerative colitis 57 -0,06 0,05 2,32E-01 4,88E-01
Autoimmune HGF Ulcerative colitis 12 0,12 0,18 5,16E-01 6,96E-01
Autoimmune IL-16 Ulcerative colitis 58 -0,05 0,05 3,55E-01 5,87E-01
Autoimmune 1L-18 Ulcerative colitis 8 0,84 0,29 3,82E-03 3,35E-02
Autoimmune IL-1ra Ulcerative colitis 33 -0,14 0,07 6,50E-02 2,55E-01
Autoimmune IL-2ra Ulcerative colitis 14 0,49 0,22 2,53E-02 1,31E-01
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Table A.7 (cont.)

Disease group Exposure Outcome Ngnp Beta SE  P-value FDR-corrected p-

value
Autoimmune IL-8 Ulcerative colitis 3 0,41 0,40 3,15E-01 5,87E-01
Autoimmune IL-9 Ulcerative colitis 8 0,23 0,26 3,70E-01 5,87E-01
Autoimmune IP-10 Ulcerative colitis 8 -0,64 0,21 1,82E-03 2,24E-02
Autoimmune M-CSF Ulcerative colitis 4 0,58 0,35 9,41E-02 3,26E-01
Autoimmune MCP-1 Ulcerative colitis 3 -1,62 0,52 1,81E-03 2,24E-02
Autoimmune MCP-3 Ulcerative colitis 51 0,00 0,05 9,14E-01 9,53E-01
Autoimmune MIF Ulcerative colitis 6 -0,45 0,47 3,36E-01 5,87E-01
Autoimmune MIG Ulcerative colitis 8 0,32 0,36 3,71E-01 5,87E-01
Autoimmune MIP-1a Ulcerative colitis 33 -0,26 0,08 1,96E-03 2,24E-02
Autoimmune MIP-1b Ulcerative colitis 20 0,01 0,11 9,10E-01 9,53E-01
Autoimmune RANTES Ulcerative colitis 12 -0,09 0,15 5,63E-01 7,17E-01
Autoimmune SCGF-b Ulcerative colitis 27 0,10 0,07 1,39E-01 3,83E-01
Autoimmune SDF-1la Ulcerative colitis 17 -0,26 0,20 1,95E-01 4,46E-01
Autoimmune TNF-b Ulcerative colitis 2 1,69 1,44 2,40E-01 4,89E-01
Autoimmune TRAIL Ulcerative colitis 6 0,10 0,16 5,28E-01 6,96E-01
Autoimmune VEGF Ulcerative colitis 66 0,07 0,05 2,21E-01 4,76E-01
Cancer Eotaxin Breast cancer 11 0,07 0,17 6,72E-01 9,46E-01
Cancer FGF-b Breast cancer 48 0,05 0,04 2,39E-01 7,95E-01
Cancer G-CSF Breast cancer 2 0,11 0,58 8,44E-01 9,51E-01
Cancer GROa Breast cancer 57 -0,01 0,03 7,23E-01 9,51E-01
Cancer HGF Breast cancer 12 0,01 0,15 9,28E-01 9,51E-01
Cancer IL-16 Breast cancer 56 0,01 0,05 9,04E-01 9,51E-01
Cancer IL-18 Breast cancer 8 0,44 0,20 3,25E-02 4,07E-01
Cancer IL-1ra Breast cancer 33 -0,06 0,06 3,30E-01 8,09E-01
Cancer IL-2ra Breast cancer 14 0,04 0,13  7,52E-01 9,51E-01
Cancer 1IL-8 Breast cancer 3 -0,36 0,35 3,12E-01 7,95E-01
Cancer 1L-9 Breast cancer 8 0,96 0,22 1,70E-05 2,12E-03
Cancer 1P-10 Breast cancer 8 -0,34 0,22 1,19E-01 5,36E-01
Cancer M-CSF Breast cancer 4 0,53 0,29 7,23E-02 5,36E-01
Cancer MCP-1 Breast cancer 3 0,43 0,51 3,99E-01 8,71E-01
Cancer MCP-3 Breast cancer 51 -0,03 0,04 3,92E-01 8,71E-01
Cancer MIF Breast cancer 6 -0,36 0,25 1,52E-01 6,19E-01
Cancer MIG Breast cancer 8 -0,10 0,29 7,29E-01 9,51E-01
Cancer MIP-1a Breast cancer 33 -0,07 0,07 3,51E-01 8,28E-01
Cancer MIP-1b Breast cancer 20 0,03 0,09 7,03E-01 9,51E-01
Cancer RANTES Breast cancer 12 0,12 0,11 2,76E-01 7,95E-01
Cancer SCGF-b Breast cancer 27 0,00 0,07 9,94E-01 9,94E-01
Cancer SDF-1a Breast cancer 17 0,24 0,14 8,77E-02 5,36E-01
Cancer TNF-b Breast cancer 4 0,05 0,30 8,53E-01 9,51E-01
Cancer TRAIL Breast cancer 6 -0,20 0,19 3,05E-01 7,95E-01
Cancer VEGF Breast cancer 65 -0,06 0,04 1,83E-01 7,17E-01
Cancer Eotaxin Colorectal cancer 11 0,00 0,00 8,60E-01 9,51E-01
Cancer FGF-b Colorectal cancer 46 0,00 0,00 4,69E-01 8,71E-01
Cancer G-CSF Colorectal cancer 2 0,01 0,01 8,40E-02 5,36E-01

Cancer GROa Colorectal cancer 55 0,00 0,00 1,20E-01 5,36E-01
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Table A.7 (cont.)

Disease group Exposure Outcome Ngnp Beta SE  P-value FDR-corrected p-

value
Cancer HGF Colorectal cancer 12 0,00 0,00 7,70E-01 9,51E-01
Cancer IL-16 Colorectal cancer 55 0,00 0,00 3,75E-01 8,56E-01
Cancer 1L-18 Colorectal cancer 5 -0,02 0,00 6,05E-05 3,78E-03
Cancer IL-1ra Colorectal cancer 30 0,00 0,00 1,47E-01 6,19E-01
Cancer IL-2ra Colorectal cancer 11 0,01 0,00 5,14E-03 2,13E-01
Cancer 1L-8 Colorectal cancer 3 0,01 0,01 1,18E-01 5,36E-01
Cancer 1L-9 Colorectal cancer 7 0,00 0,00 8,50E-01 9,51E-01
Cancer 1P-10 Colorectal cancer 8 0,00 0,00 4,35E-01 8,71E-01
Cancer M-CSF Colorectal cancer 4 0,00 0,00 4,62E-01 8,71E-01
Cancer MCP-1 Colorectal cancer 2 0,00 0,01 8,13E-01 9,51E-01
Cancer MCP-3 Colorectal cancer 47 0,00 0,00 1,17E-01 5,36E-01
Cancer MIF Colorectal cancer 6 0,00 0,00 9,24E-01 9,51E-01
Cancer MIG Colorectal cancer 8 0,01 0,00 2,44E-02 4,07E-01
Cancer MIP-1a Colorectal cancer 32 0,00 0,00 8,20E-01 9,51E-01
Cancer MIP-1b Colorectal cancer 19 0,00 0,00 5,11E-01 8,83E-01
Cancer RANTES Colorectal cancer 12 0,00 0,00 4,81E-01 8,71E-01
Cancer SCGF-b Colorectal cancer 24 0,00 0,00 9,89E-01 9,94E-01
Cancer SDF-1a Colorectal cancer 17 0,00 0,00 1,02E-01 5,36E-01
Cancer TNF-b Colorectal cancer 4 0,00 0,00 3,41E-01 8,19E-01
Cancer TRAIL Colorectal cancer 5 0,00 0,00 5,30E-01 8,83E-01
Cancer VEGF Colorectal cancer 62 0,00 0,00 6,23E-01 9,35E-01
Cancer Eotaxin Lung cancer 9 0,13 0,13 3,30E-01 8,09E-01
Cancer FGF-b Lung cancer 38 -0,01 0,03 6,28E-01 9,35E-01
Cancer G-CSF Lung cancer 2 -0,30 0,28 2,83E-01 7,95E-01
Cancer GROa Lung cancer 40 0,01 0,03 6,72E-01 9,46E-01
Cancer HGF Lung cancer 12 0,02 0,10 8,37E-01 9,51E-01
Cancer IL-16 Lung cancer 51 -0,02 0,03 4,67E-01 8,71E-01
Cancer 1L-18 Lung cancer 8 -0,39 0,15 6,82E-03 2,13E-01
Cancer IL-1ra Lung cancer 30 -0,07 0,04 8,92E-02 5,36E-01
Cancer IL-2ra Lung cancer 12 -0,11 0,09 241E-01 7,95E-01
Cancer IL-8 Lung cancer 3 -0,16 0,22 4,69E-01 8,71E-01
Cancer IL-9 Lung cancer 7 0,15 0,15 3,07E-01 7,95E-01
Cancer IP-10 Lung cancer 7 0,13 0,13 2,90E-01 7,95E-01
Cancer M-CSF Lung cancer 3 -0,18 0,22 4,06E-01 8,71E-01
Cancer MCP-1 Lung cancer 3 -0,46 0,41 2,60E-01 7,95E-01
Cancer MCP-3 Lung cancer 49 -0,03 0,02 2,14E-01 7,85E-01
Cancer MIF Lung cancer 5 -0,27 0,19 1,54E-01 6,19E-01
Cancer MIG Lung cancer 8 0,12 0,14 3,76E-01 8,56E-01
Cancer MIP-1a Lung cancer 26 -0,01 0,06 9,28E-01 9,51E-01
Cancer MIP-1b Lung cancer 16 -0,03 0,06 6,73E-01 9,46E-01
Cancer RANTES Lung cancer 12 0,03 0,08 7,27E-01 9,51E-01
Cancer SCGF-b Lung cancer 24 0,05 0,04 2,76E-01 7,95E-01
Cancer SDF-1a Lung cancer 16 -0,04 0,09 6,47E-01 9,43E-01
Cancer TNF-b Lung cancer 2 -0,69 0,32 3,07E-02 4,07E-01

Cancer TRAIL Lung cancer 6 -0,05 0,11 6,23E-01 9,35E-01
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Table A.7 (cont.)
FDR-corrected p-

Disease group Exposure Outcome Ngnp Beta SE  P-value value
Cancer VEGF Lung cancer 59 -0,01 0,03 8,48E-01 9,51E-01
Cancer Eotaxin Non-Hodgkins lymphoma 9 0,09 0,27 7,39E-01 9,51E-01
Cancer FGF-b Non-Hodgkins lymphoma 44 -0,04 0,06 5,26E-01 8,83E-01
Cancer G-CSF Non-Hodgkins lymphoma 2 -0,20 0,74 7,84E-01 9,51E-01
Cancer GROa Non-Hodgkins lymphoma 43 -0,04 0,05 4,75E-01 8,71E-01
Cancer HGF Non-Hodgkins lymphoma 12 0,04 0,21 8,40E-01 9,51E-01
Cancer IL-16 Non-Hodgkins lymphoma 46 -0,02 0,07 8,08E-01 9,51E-01
Cancer IL-18 Non-Hodgkins lymphoma 6 -0,18 0,32 5,73E-01 9,07E-01
Cancer IL-1ra Non-Hodgkins lymphoma 28 0,11 0,10 2,71E-01 7,95E-01
Cancer IL-2ra Non-Hodgkins lymphoma 10 0,54 0,24 2,22E-02 4,07E-01
Cancer IL-8 Non-Hodgkins lymphoma 2 0,07 0,59 9,11E-01 9,51E-01
Cancer 1L-9 Non-Hodgkins lymphoma 7 -0,62 0,35 7,47E-02 5,36E-01
Cancer 1P-10 Non-Hodgkins lymphoma 7 -0,31 0,29 3,00E-01 7,95E-01
Cancer M-CSF Non-Hodgkins lymphoma 3 0,85 0,49 8,39E-02 5,36E-01
Cancer MCP-1 Non-Hodgkins lymphoma 3 -0,11 0,69 8,70E-01 9,51E-01
Cancer MCP-3 Non-Hodgkins lymphoma 43 0,01 0,06 8,77E-01 9,51E-01
Cancer MIF Non-Hodgkins lymphoma 3 -0,31 0,53 5,63E-01 9,07E-01
Cancer MIG Non-Hodgkins lymphoma 7 0,15 0,48 7,52E-01 9,51E-01
Cancer MIP-1a Non-Hodgkins lymphoma 23 -0,08 0,12 5,29E-01 8,83E-01
Cancer MIP-1b Non-Hodgkins lymphoma 12 0,07 0,16 6,49E-01 9,43E-01
Cancer RANTES Non-Hodgkins lymphoma 11 -0,37 0,18 3,64E-02 4,14E-01
Cancer SCGF-b Non-Hodgkins lymphoma 18 0,06 0,09 5,04E-01 8,83E-01
Cancer SDF-1a Non-Hodgkins lymphoma 16 0,12 0,22 5,71E-01 9,07E-01
Cancer TNF-b Non-Hodgkins lymphoma 2 -1,43 0,84 8,75E-02 5,36E-01
Cancer TRAIL Non-Hodgkins lymphoma 6 -0,07 0,20 7,21E-01 9,51E-01
Cancer VEGF Non-Hodgkins lymphoma 44 0,15 0,09 1,19E-01 5,36E-01
Cancer Eotaxin Skin cancer 11 0,00 0,01 5,02E-01 8,83E-01
Cancer FGF-b Skin cancer 46 0,00 0,00 2,73E-01 7,95E-01
Cancer G-CSF Skin cancer 2 0,01 0,01 2,92E-01 7,95E-01
Cancer GROa Skin cancer 55 0,00 0,00 2,52E-02 4,07E-01
Cancer HGF Skin cancer 12 -0,01 0,00 4,99E-02 5,20E-01
Cancer IL-16 Skin cancer 55 0,00 0,00 5,62E-01 9,07E-01
Cancer IL-18 Skin cancer 5 0,01 0,01 6,28E-01 9,35E-01
Cancer IL-1ra Skin cancer 30 0,00 0,00 2,69E-02 4,07E-01
Cancer IL-2ra Skin cancer 11 0,00 0,01 5,94E-01 9,28E-01
Cancer 1L-8 Skin cancer 3 -0,02 0,01 8,23E-02 5,36E-01
Cancer 1L-9 Skin cancer 7 0,00 0,01 8,62E-01 9,51E-01
Cancer IP-10 Skin cancer 8 -0,01 0,01 1,92E-01 7,29E-01
Cancer M-CSF Skin cancer 4 0,01 0,01 1,09E-01 5,36E-01
Cancer MCP-1 Skin cancer 2 0,01 0,02 4,63E-01 8,71E-01
Cancer MCP-3 Skin cancer 47 0,00 0,00 821E-01 9,51E-01
Cancer MIF Skin cancer 6 0,00 0,01 9,13E-01 9,51E-01
Cancer MIG Skin cancer 8 0,00 0,01 4,72E-01 8,71E-01
Cancer MIP-1a Skin cancer 32 0,00 0,00 8,95E-01 9,51E-01
Cancer MIP-1b Skin cancer 19 0,00 0,00 2,54E-01 7,95E-01
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Table A.7 (cont.)
FDR-corrected p-

Disease group Exposure Outcome Ngnp Beta SE  P-value value
Cancer RANTES Skin cancer 12 0,00 0,00 8,16E-01 9,51E-01
Cancer SCGF-b Skin cancer 24 0,00 0,00 1,01E-01 5,36E-01
Cancer SDF-1a Skin cancer 17 0,00 0,00 7,88E-01 9,51E-01
Cancer TNF-b Skin cancer 4 -0,01 0,02 4,62E-01 8,71E-01
Cancer TRAIL Skin cancer 5 0,00 0,01 4,29E-01 8,71E-01
Cancer VEGF Skin cancer 62 0,00 0,00 9,76E-01 9,91E-01
Cardiometabolic Eotaxin Diabetes mellitus type II 10 0,00 0,04 9,41E-01 9,51E-01
Cardiometabolic FGF-b Diabetes mellitus type 11 48 0,03 0,01 8,23E-05 4,12E-03
Cardiometabolic G-CSF Diabetes mellitus type II 2 0,06 0,20 7,43E-01 8,85E-01
Cardiometabolic GROa Diabetes mellitus type 11 55 -0,01 0,01 8,53E-02 4,18E-01
Cardiometabolic HGF Diabetes mellitus type II 12 -0,04 0,03 2,87E-01 6,38E-01
Cardiometabolic IL-16 Diabetes mellitus type 11 57 0,00 0,01 6,61E-01 8,48E-01
Cardiometabolic IL-18 Diabetes mellitus type II 8 0,09 0,04 1,83E-02 1,83E-01
Cardiometabolic IL-1ra Diabetes mellitus type 11 33 0,04 0,01 2,98E-03 5,96E-02
Cardiometabolic IL-2ra Diabetes mellitus type II 14 -0,06 0,03 5,24E-02 3,76E-01
Cardiometabolic 1L-8 Diabetes mellitus type 11 3 0,03 0,07 7,09E-01 8,57E-01
Cardiometabolic 1L-9 Diabetes mellitus type II 8 0,00 0,06 9,88E-01 9,88E-01
Cardiometabolic IP-10 Diabetes mellitus type 11 8 0,03 0,06 5,63E-01 8,06E-01
Cardiometabolic =~ M-CSF Diabetes mellitus type II 4 0,05 0,10 6,12E-01 8,16E-01
Cardiometabolic MCP-1 Diabetes mellitus type 11 2 0,06 0,11 5,64E-01 8,06E-01
Cardiometabolic MCP-3 Diabetes mellitus type 11 51 -0,01 0,01 1,08E-01 4,34E-01
Cardiometabolic MIF Diabetes mellitus type 11 4 0,06 0,11 5,94E-01 8,16E-01
Cardiometabolic MIG Diabetes mellitus type II 8 0,13 0,07 7,87E-02 4,18E-01
Cardiometabolic MIP-1a Diabetes mellitus type 11 31 0,02 0,02 3,50E-01 6,49E-01
Cardiometabolic MIP-1b Diabetes mellitus type II 20 0,01 0,02 4,72E-01 7,29E-01
Cardiometabolic RANTES Diabetes mellitus type 11 11 0,02 0,02 3,29E-01 6,38E-01
Cardiometabolic SCGF-b Diabetes mellitus type II 26 0,01 0,02 6,96E-01 8,57E-01
Cardiometabolic SDF-1a Diabetes mellitus type 1T 17 0,01 0,04 7,07E-01 8,57E-01
Cardiometabolic TNF-b Diabetes mellitus type II 4 0,09 0,09 3,22E-01 6,38E-01
Cardiometabolic TRAIL Diabetes mellitus type II 6 0,05 0,03 6,94E-02 4,08E-01
Cardiometabolic VEGF Diabetes mellitus type II 66 0,02 0,01 2,51E-01 6,13E-01
Cardiometabolic Eotaxin Coronary artery disease 11 0,06 0,08 4,31E-01 7,07E-01
Cardiometabolic FGF-b Coronary artery disease 42 0,02 0,02 3,21E-01 6,38E-01
Cardiometabolic G-CSF Coronary artery disease 2 0,49 0,20 1,21E-02 1,35E-01
Cardiometabolic =~ GROa Coronary artery disease 46 -0,03 0,02 1,00E-01 4,18E-01
Cardiometabolic HGF Coronary artery disease 12 -0,05 0,06 4,22E-01 7,03E-01
Cardiometabolic ~ IL-16 Coronary artery disease 47 -0,01 0,02 7,08E-01 8,57E-01
Cardiometabolic IL-18 Coronary artery disease 8 0,02 0,09 8,17E-01 9,18E-01
Cardiometabolic IL-1ra Coronary artery disease 33 0,15 0,03 4,27E-07 4,27E-05
Cardiometabolic IL-2ra Coronary artery disease 14 -0,05 0,06 4,67E-01 7,29E-01
Cardiometabolic 1L-8 Coronary artery disease 3 0,15 0,13 2,51E-01 6,13E-01
Cardiometabolic 1L-9 Coronary artery disease 7 0,05 0,10 6,12E-01 8,16E-01
Cardiometabolic 1P-10 Coronary artery disease 8 0,04 0,07 5,37E-01 8,06E-01
Cardiometabolic M-CSF Coronary artery disease 4 0,35 0,14 9,11E-03 1,30E-01
Cardiometabolic MCP-1 Coronary artery disease 3 -0,21 0,20 2,97E-01 6,38E-01
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Table A.7 (cont.)

Disease group Exposure Outcome Ngnp Beta SE  P-value FDR-corrected p-

value
Cardiometabolic MCP-3 Coronary artery disease 50 -0,03 0,02 8,95E-02 4,18E-01
Cardiometabolic MIF Coronary artery disease 6 0,06 0,15 7,12E-01 8,57E-01
Cardiometabolic MIG Coronary artery disease 8 0,21 0,10 4,15E-02 3,76E-01
Cardiometabolic MIP-1a Coronary artery disease 26 -0,05 0,03 1,69E-01 5,13E-01
Cardiometabolic MIP-1b Coronary artery disease 15 0,00 0,05 9,17E-01 9,51E-01
Cardiometabolic RANTES Coronary artery disease 10 0,00 0,05 9,36E-01 9,51E-01
Cardiometabolic SCGF-b Coronary artery disease 24 -0,03 0,03 3,14E-01 6,38E-01
Cardiometabolic SDF-1a Coronary artery disease 17 0,38 0,13 4,30E-03 7,16E-02
Cardiometabolic TNF-b Coronary artery disease 4 0,14 0,15 3,39E-01 6,40E-01
Cardiometabolic TRAIL Coronary artery disease 6 0,20 0,06 1,40E-03 3,49E-02
Cardiometabolic VEGF Coronary artery disease 54 0,00 0,02 8,93E-01 9,50E-01
Cardiometabolic Eotaxin Peripheral vascular disease 11 -0,13 0,09 1,53E-01 4,94E-01
Cardiometabolic =~ FGF-b Peripheral vascular disease 47 -0,04 0,02 6,23E-02 3,91E-01
Cardiometabolic G-CSF Peripheral vascular disease 2 0,37 0,22  9,24E-02 4,18E-01
Cardiometabolic GROa Peripheral vascular disease 53 0,02 0,02 3,93E-01 6,71E-01
Cardiometabolic HGF Peripheral vascular disease 11 -0,01 0,08 8,90E-01 9,50E-01
Cardiometabolic ~ IL-16 Peripheral vascular disease 52 0,00 0,02 9,30E-01 9,51E-01
Cardiometabolic 1IL-18 Peripheral vascular disease 7 0,09 0,10 3,88E-01 6,71E-01
Cardiometabolic ~ IL-1ra Peripheral vascular disease 31 0,07 0,05 1,00E-01 4,18E-01
Cardiometabolic IL-2ra Peripheral vascular disease 13 0,06 0,07 3,93E-01 6,71E-01
Cardiometabolic IL-8 Peripheral vascular disease 3 -0,22 0,18 2,27E-01 6,04E-01
Cardiometabolic 1L-9 Peripheral vascular disease 5 0,38 0,15 1,17E-02 1,35E-01
Cardiometabolic IP-10 Peripheral vascular disease 8 0,05 0,10 6,12E-01 8,16E-01
Cardiometabolic M-CSF Peripheral vascular disease 3 0,19 0,22 3,96E-01 6,71E-01
Cardiometabolic MCP-1 Peripheral vascular disease 3 -0,06 0,22 7,79E-01 8,91E-01
Cardiometabolic MCP-3 Peripheral vascular disease 47 0,01 0,02 5,55E-01 8,06E-01
Cardiometabolic MIF Peripheral vascular disease 4 0,01 0,17 9,32E-01 9,51E-01
Cardiometabolic MIG Peripheral vascular disease 6 0,17 0,12 1,33E-01 4,58E-01
Cardiometabolic MIP-1a Peripheral vascular disease 26 0,04 0,04 3,03E-01 6,38E-01
Cardiometabolic MIP-1b Peripheral vascular disease 18 -0,08 0,05 6,25E-02 3,91E-01
Cardiometabolic RANTES Peripheral vascular disease 11 -0,02 0,06 7,57E-01 8,85E-01
Cardiometabolic SCGF-b Peripheral vascular disease 23 0,05 0,09 5,60E-01 8,06E-01
Cardiometabolic SDF-1la Peripheral vascular disease 16 0,15 0,08 8,00E-02 4,18E-01
Cardiometabolic TNF-b Peripheral vascular disease 3 -0,38 0,24 1,18E-01 4,35E-01
Cardiometabolic =~ TRAIL Peripheral vascular disease 6 0,11 0,08 1,90E-01 5,44E-01
Cardiometabolic VEGF Peripheral vascular disease 62 -0,03 0,03 2,83E-01 6,38E-01
Cardiometabolic Eotaxin Largery artery stroke 11 0,22 0,24 3,71E-01 6,71E-01
Cardiometabolic FGF-b Largery artery stroke 45 0,03 0,06 6,23E-01 8,19E-01
Cardiometabolic G-CSF Largery artery stroke 2 -0,42 0,58 4,74E-01 7,29E-01
Cardiometabolic GROa Largery artery stroke 54 0,07 0,05 1,63E-01 5,09E-01
Cardiometabolic HGF Largery artery stroke 12 0,06 0,21 7,61E-01 8,85E-01
Cardiometabolic IL-16 Largery artery stroke 51 0,11 0,07 1,16E-01 4,35E-01
Cardiometabolic IL-18 Largery artery stroke 8 -0,41 0,39 2,99E-01 6,38E-01
Cardiometabolic IL-1ra Largery artery stroke 33 -0,02 0,09 7,84E-01 8,91E-01

Cardiometabolic IL-2ra Largery artery stroke 14 0,04 0,20 8,60E-01 9,45E-01
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Disease group

Exposure

Table A.7 (cont.)

Outcome

Ngnp

Beta

SE

P-value

FDR-corrected p-

value
Cardiometabolic IL-8 Largery artery stroke 3 -0,62 0,51 2,21E-01 6,04E-01
Cardiometabolic IL-9 Largery artery stroke 7 -0,37 0,32 243E-01 6,13E-01
Cardiometabolic IP-10 Largery artery stroke 7 -0,35 0,27 1,88E-01 5,44E-01
Cardiometabolic M-CSF Largery artery stroke 4 0,70 0,48 1,44E-01 4 81E-01
Cardiometabolic MCP-1 Largery artery stroke 3 -0,97 1,00 3,32E-01 6,38E-01
Cardiometabolic MCP-3 Largery artery stroke 50 0,08 0,07 2,30E-01 6,04E-01
Cardiometabolic MIF Largery artery stroke 6 -1,03 0,53 5,26E-02 3,76E-01
Cardiometabolic MIG Largery artery stroke 8 0,20 0,28 4,68E-01 7,29E-01
Cardiometabolic MIP-1a Largery artery stroke 28 0,17 0,11 1,32E-01 4,58E-01
Cardiometabolic MIP-1b Largery artery stroke 16 -0,15 0,14 2,77E-01 6,38E-01
Cardiometabolic =~ RANTES Largery artery stroke 12 -0,51 0,16 1,16E-03 3,49E-02
Cardiometabolic SCGF-b Largery artery stroke 27 0,18 0,09 4,56E-02 3,76E-01
Cardiometabolic SDF-1la Largery artery stroke 17 0,12 0,23 6,00E-01 8,16E-01
Cardiometabolic TNF-b Largery artery stroke 2 0,35 0,77 6,52E-01 8,46E-01
Cardiometabolic TRAIL Largery artery stroke 6 -0,04 0,21 8,50E-01 9,44E-01
Cardiometabolic VEGF Largery artery stroke 62 0,01 0,07 8,82E-01 9,50E-01
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Figure A.1. Manhattan plots. Manhattan plots showing GWAS results for each of the 40 cytokines.
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Figure A.1 (cont.)

Manhattan plot for Cutaneous T-cell attracting (CCL27/CTACK)
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Figure A.1 (cont.)

Manhattan plot for Eotaxin (CCL11/eotaxin-1)
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Figure A.1 (cont.)
Manhattan plot for Basic fibroblast growth factor (FGF-b)
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Figure A.1 (cont.)

Manhattan plot for Granulocyte colony-stimulating factor (G-CSF/CSF-3)
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Figure A.1 (cont.)

Manhattan plot for Hepatocyte growth factor (HGF)
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Figure A.1 (cont.)

Manhattan plot for Interferon-gamma (IFN-g)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-10 (IL-10)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-13 (IL-13)
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Figure A.1 (cont.)
Manhattan plot for Interleukin-16 (IL-16)
L]
250 = °
200 = :
Q

~= [ ]
g’ 150 = ‘
| °
s

100 =4

50 =

Chromosome

13

14 15 16 17 18 19 20 2122



167

0 Appendix A

Figure A.1 (cont.)

Manhattan plot for Interleukin-17 (IL-17)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-18 (IL-18)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-1-beta (IL-1b)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-1 receptor antagonist (IL-1ra)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-2 (IL-2)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-2 receptor, alpha subunit (IL-2ra)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-4 (IL-4)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-5 (IL-5)

~log1o(p)

1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 2122

Chromosome



0 Appendix A 175

Figure A.1 (cont.)

Manhattan plot for Interleukin-6 (IL-6)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-7 (IL-7)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-8 (CXCLS8/IL-8)
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Figure A.1 (cont.)

Manhattan plot for Interleukin-9 (IL-9)
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Figure A.1 (cont.)

Manhattan plot for Interferon gamma-induced protein 10 (CXCL10/IP-10)
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Figure A.1 (cont.)

Manhattan plot for Monocyte chemotactic protein-1 (CCL2/MCP-1)
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Figure A.1 (cont.)

Manhattan plot for Monocyte specific chemokine 3 (CCL7/MCP-3)
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Figure A.1 (cont.)

Manhattan plot for Macrophage colony-stimulating factor (M-CSF/CSF-1)
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Figure A.1 (cont.)

Manhattan plot for Macrophage migration inhibitory factor (MIF)
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Figure A.1 (cont.)

Manbhattan plot for Monokine induced by interferon-gamma (CXCL9/MIG)
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Figure A.1 (cont.)

Manhattan plot for Macrophage inflammatory protein-1 alpha (CCL3/MIP-1a)
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Figure A.1 (cont.)

Manhattan plot for Macrophage inflammatory protein-1 beta (CCL4/MIP-1b)
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Figure A.1 (cont.)

Manhattan plot for Platelet derived growth factor BB (PDGFbb)
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Figure A.1 (cont.)

Manhattan plot for Regulated on Activation, Normal T Cell Expressed and Secreted
(RANTES)
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Figure A.1 (cont.)
Manhattan plot for Stem cell factor (SCF)
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Figure A.1 (cont.)

Manhattan plot for Stromal cell-derived factor-1 alpha (CXCL12/SDF-1a)
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Figure A.1 (cont.)

Manhattan plot for Tumor necrosis factor-alpha (TNF-a)
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Figure A.1 (cont.)

Manhattan plot for Tumor necrosis factor-beta (TNF-b)
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Figure A.1 (cont.)

Manhattan plot for TNF-related apoptosis inducing ligand (TRAIL)
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Figure A.1 (cont.)

Manhattan plot for Vascular endothelial growth factor (VEGF)
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Figure A.2. Locus Zoom plot. Locus zoom plots for the 4 significant cytokine-disease pairings.
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Locus zoom plot for MIG & Crohn’s disease
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Figure A.2 (cont.)

Locus zoom plot for G-CSF & Crohn’s disease
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Figure A.2 (cont.)

Locus zoom plot for TNF-b & multiple sclerosis
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