
                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

 
 

MODELLO PER INVIO RELAZIONE DI METÀ E FINE PERIODO 
 
 
NOME E COGNOME: Elena Olmastroni 
 
UNIVERSITÀ: Università degli Studi di Milano 
 
DIPARTIMENTO (in caso di borsa per soggiorno all’estero specificare l’ente presso cui si è svolta la ricerca): 

Cardiovascular Epidemiology Unit of the Department of Public Health and Primary Care (University of 

Cambridge) 

TUTOR (in caso di borsa per soggiorno all’estero specificare il tutor dell’ente presso cui si è svolta la ricerca): 

Brian A Ference 

TIPOLOGIA DI BORSA RICEVUTA: BORSE DI RICERCA SIF PER BREVI PERIODI ALL’ESTERO 
 
TIPOLOGIA DI RELAZIONE (es.: metà periodo o finale): Relazione di metà periodo 
 
 
TITOLO DELLA RELAZIONE:  

USE OF MENDELIAN RANDOMIZATION STUDIES TO IDENTIFY POSSIBLE PHARMACOLOGICAL TARGETS IN THE 

CARDIOVASCULAR AREA 

  

mailto:sif.soci@segr.it
mailto:sifcese@comm2000.it


                                                                

Da inviare a: Società Italiana di Farmacologia – e-mail: sif.soci@segr.it; sifcese@comm2000.it  

 

RELAZIONE: 

 

Background  

 

A fundamental problem in epidemiological research is the distinction between correlation and causation 

which does not inform unequivocally about the value of targeting the identified factor by pharmacological 

means [1]. The optimal way to answer questions of cause-effect relationship is to design randomized 

controlled trials (RTCs), the “gold standard” for the empirical testing of a scientific hypothesis. Over the past 

40 years, RTCs have been the cornerstone in the development of treatment strategies for cardiovascular (CV) 

disease, helping in demonstrating that reducing low-density lipoprotein cholesterol (LDL-C) is beneficial. 

Moreover, the increasing acceptance of meta-analysis as a valid and useful methodology allows for a 

synthesis of the overall evidence [2]. Large scale meta-analyses of RTCs, have helped to demonstrate that 

lowering LDL-C with a statin reduces the risk of major atherosclerotic CV events by approximately 20% for 

each mmol/L reduction in LDL-C [3,4]. Despite RCTs can provide reliable results, the generalizability of results 

is limited by strict inclusion criteria applied and the costs are becoming exceedingly high [5]. Alternative 

approaches for judging causal relationship are required. Scientific hypotheses are often assessed using 

observational data [6]. The use of routinely collected data from electronic healthcare databases, which are 

useful tools for drug development and safety evaluation, have led to the implementation of several 

observational studies that not only have confirmed the ability of statins to reduce LDL-C, but also have 

pointed out that many statin recipients continue to experience a high residual risk of atherosclerotic CV 

events, even with the best evidence-based therapeutic approaches and lowering LDL-C beyond guideline-

recommended levels [7]. The cause of this residual risk is unclear; of note however, there are other risk 

factors that are causally related to the risk of atherosclerotic CV disease. Accumulating evidence indicates 

that a focus solely on the assessment and management of LDL-C is not an optimal strategy for all patients 

[8]. Moreover, the complex interactions between lipids and inflammation are currently being intensively 

investigated. Recent advances in basic science have established a fundamental role for low degree chronic 

inflammation in mediating all stages of atherosclerosis, from initiation through progression and, ultimately, 

to the rupture of plaque and ensuing thrombotic complications of atherosclerosis. Interestingly, cholesterol 

accumulation in cells triggers the inflammasome response and results in the production of inflammatory 

mediators [9]. Despite the fact that observational studies offer the opportunity to study a "real life situation", 

they can only create new hypotheses rather than infer a causal relationship between an exposure and a 

disease outcome, which may be based on untestable and usually implausible assumptions, such as the 

absence of unmeasured confounding and of reverse causation [10]. Hence, to test the inflammatory 

hypothesis of atherothrombosis, more robust approaches are needed for assessing the causal relationship 

using observational data. Mendelian randomization (MR) is such an approach, where functional genetic 

variants’ scores usually act as instruments that proxy for environmentally modifiable exposures [11]. As the 

genetic variants are randomly transferred from parent to offspring at the time of gamete formation, the 
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inheritance of any particular genetic variant in an individual’s DNA is expected to be independent of other 

characteristics. Thus, when individuals in the population are grouped by a particular genotype that associates 

with difference in a biomarker, they should be similar in all respects other than the levels of the biomarker 

itself. This approach can realistically mimic the random treatment allocation process in a randomized clinical 

study, offering a strategy for avoiding or reducing residual confounding in observational studies. Briefly, the 

fundamental principle of MR is that if genetic variants that either alter the level of, or imitate the biological 

effects of a modifiable biomarker that is causal in disease, then these genetic variants should be also 

associated with the disease risk to the extent predicted by the effect of the genetic variants on the biomarker 

(Figure 1). This new approach will offer a new perspective for personalized approaches to CV risk reduction, 

targeting interventions according to the risk profile of individual patients. 

 

Figure 1. Mendelian randomization framework. In order to infer a causal role of an exposure, X, in a disease, 

Y, three assumptions must be held. First, the genetic instrument, G, must associate with X. Second, G must 

be independent of confounders, C, of the X-Y relationship. Third, G must be associated with Y only through 

its effect on X. If these three relationships can be demonstrated, the exposure, X, can be said to be causally 

related to the disease, Y. 

 

In light of recent proofs that inflammation inhibition, in the absence of lipid lowering, may improve 

atherothrombotic outcomes [12, 13], this project will investigate the role of different inflammatory 

mediators as independent contributors to all phases of the atherothrombotic process. To date, several 

different inflammasome complexes have been described, all of them specialize in pattern recognition of 

danger signals, and subsequently instruct general defence mechanisms of the human immune system. 

However, it is the distinctive feature of NLRP3 (Nucleotide-binding domain, Leucine-rich-containing family, 

Pyrin domain-containing-3 OR Nod-like Receptor Protein 3) to be activated by many unusual and diverse 

stimuli, including cholesterol, especially accumulated as crystals, making it the most versatile and, 

importantly, also the most clinically implicated inflammasome [14]. Therefore, this project will focus on 

NLRP3 pathway, which, in a cascade of downstream effects, modulates interleukin-1 (IL-1), interleukin-6 (IL-

6) and C-reactive protein (CRP) production. 
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Aim 

 

The goals of this project are:  

(i) to determine a weighted genetic score of multiple genetic variants associated with proteins involved in 

NLRP3 pathways (IL-1, IL-6, and CRP); 

(ii) to explore and quantify the association of prolonged exposure to lower individual inflammatory marker 

(IM) with the lifetime risk of CV disease, trying to understand whether the effect of each IM is proportional 

to the absolute change of the marker itself, how much the IM has to be lowered to obtain a CV clinical benefit, 

and whether there is a cumulative effect overtime, or a threshold effect; 

(iii) to quantify the prolonged exposure combination of both lower LDL-C and lower IM with the lifetime risk 

of CV disease. 

 

Methods and data source 

 

To explore the role of IM involved in NLRP3 pathway on the development of atherosclerotic events, a series 

of MR analyses using single-nucleotide polymorphisms (SNPs) that are associated with lower individual IM 

will be performed. 

All Mendelian randomization analyses will include individual participant data from the UK Biobank, one of 

the largest population-based cohorts globally with extensive phenotyping and genotyping [15], individual 

participant data from the consortium of database of Genotypes and Phenotypes (dbGAP) studies [16], and 

public summary level data from various consortia (such as CARDIoGRAMplusC4D consortium [17] and Exome 

Aggregation Consortium). 

 

Preliminary observations 

 

While high-sensitivity CRP (biomarker of vascular risk) is clinically proven as a predictor of vascular risk and 

of CV event incidence in clinical trials, CRP itself is unlikely to provide an effective target for intervention, 

since several MR studies have failed to prove a causal effect [9]. Thus, recent clinical investigations have 

sequentially moved upstream, first to IL-6 and then to IL-1, seeking more promising targets for anti-

inflammatory atheroprotection. The recent CANTOS trial showed that reducing vascular inflammation, 

through the inhibition of interleukin-1β (IL-1B), in the absence of concomitant lipid lowering, reduces the 

rates of CV events, and also that individuals with a reduction of plasma IL-6 level on anti-IL-1B therapy 

experienced a greater CV risk reduction. The stimulation of the downstream IL-6 -receptor signalling 

pathway, mediated by IL-1B, represents only one of many potential anti-inflammatory pathways that might 

serve as targets for atheroprotection. In the blood plasma, a soluble fraction of the IL-6 receptor (sIL6R) is 

able to form an inhibitory complex that acts as a decoy receptor and negatively regulates IL-6 signalling. Since 

a clinical investigation of sIL6R pathways can be difficult because they are prone to fluctuation in the 
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circulation, a study of the genetic determinants of these factors might be informative to evaluate the 

relevance of proximal inflammatory mediators to coronary heart disease (CAD). 

Before going through the NLRP3 pathway, it is necessary to have a sense of what it is the causative effect of 

1-unit change in CRP levels (caused by increasing sIL6R) on CAD risk, and then proceed with the analysis of 

individual participant data from the UK Biobank to address the aims of this project. Therefore, a two-sample 

MR method was applied, which allows the use of freely accessible summary association results from genome-

wide association studies (GWAS). Briefly, with this strategy, the associations between the genetic variant(s) 

and the exposure and between the variant(s) and the outcome are estimated from non-overlapping sets of 

individuals. Firstly, a panel of 34 genetic variants (SNPs), previously used as instruments in MR for being 

associated with circulating sIL6R [12], have been selected. Notably, the pooled effect of these variants seems 

to increase sIL6R signalling and to reduce CRP levels, without changing IL-6 circulating levels. Then, the 

Linkage Disequilibrium (LD) was tested to estimate the genetic correlation between selected SNPs in 

populations of European ancestry, because high LD between traits may represent a departure from the 

hypothetical situation in which all loci exhibit complete independence. As shown in Figure 2, the 34 sIL6R -

associated SNPs are independently distributed (R2<0.2), supporting the selection of these independent 

genetic variants as instrument variable for the analysis. 

 

 

Figure 2. Heatmap matrix of pairwise Linkage Disequilibrium 
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Afterwards, beta-coefficients for the SNPs– sIL6R association and beta-coefficients for the SNPs–outcome 

association were searched and extracted from the UK Biobank (where CRP, used as a proxy of sIL6R, is 

measured as mg/L) and Cardiogramplusc4d consortium, respectively. Estimates for each genetic variant were 

then combined in a fixed-effect inverse variance-weighted meta-analysis to produce an overall summary 

point estimate across the sIL6R -associated SNPs. In this MR analysis, 1-unit increase of CRP, as reflection of 

sIL6R, was causally associated with a 14% increase risk of CAD [OR 1.14, 95%CI: 1.08-1.20, Figure 3]; this 

result was also confirmed in a sensitivity analysis (Figure 4) where only the genetic variants, among the sIL6R 

-associated SNPs, strongly associated with CRP levels (p-value<5×10−4) were selected. 

 

 

 

Figure 3. Odds Ratio for CAD per 1-mg/L increase CRP Concentration (95% CI) 
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Figure 4. Sensitivity analysis: Odds Ratio for CAD per 1-mg/L increase CRP Concentration (95% CI) 

 

This preliminary genetic analysis not only suggests a cumulative effect of inflammation overtime, which 

seems to be greater than what is shown by observational data, but also highlights an important aspect 

regarding the casual relationship between inflammation and atherosclerosis: it is not just the CV disease itself 

causing the inflammation, but it is also the inflammation that promotes the CV disease. The use of individual 

participant data from the UK Biobank will clarify this aspect, and will allow to test the independence of the 

inflammatory response from the well-known effect of LDL lowering. 

 

Significance and innovation 

 

Although great improvements were achieved in the treatment of CV disease, this pathology remained the 

leading causes of death globally. Thus, enhancements both in the prediction and the management of the risk 

of CV disease are of crucial relevance. This study will contribute to the understanding of the 

pathophysiological mechanisms of the inflammatory response related to NLRP3 activation in the 

atherosclerotic process, not only by establishing which inflammatory mediators are causally associated with 
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the risk of CV disease, but also by measuring how much the causal biomarker need to be changed to produce 

a clinically meaningful risk reduction. These results will be achieved using the innovative technique of MR 

approach, which relies on genomic data analyses. The concept of using genomics to identify differential 

vulnerability is an active area of research that may represent a practical strategy not only to personalize the 

prevention and the treatment of CV disease (precision medicine), but also to validate promising target for 

anti-inflammatory atheroprotection and to adequately inform the drug discovery and development of a novel 

therapy. 
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La Società Italiana di Farmacologia dichiara che i dati personali comunicati dall’utente sono trattati in 

conformità alle disposizioni del D. Lgs. 196/2003, così come modificato dal D. Lgs. 101/2018, ed alla 

normativa comunitaria (Regolamento UE 2016/679) secondo quanto indicato specificamente 

nell’informativa privacy reperibile sul sito internet della Società all’indirizzo: https://sif-

website.s3.amazonaws.com/uploads/attachment/file/240/Informativa_Privacy_SIF_Generica.pdf che 

l’utente, con la sottoscrizione del presente Contratto, dichiara di aver compiutamente visionato, compreso 

e accettato. 
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