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From genetics through epigenetics to proteomics:
understanding disease mechanisms
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Background: Juvenile idiopathic arthritis (JIA) is a group of chronic arthropathies
of unknown cause affecting children under 16yrs, and is the most common
childhood inflammatory rheumatic diagnosis. In recent years great advances
in dissecting the genetic basis of JIA have been made. In a landmark study,
conducted on the two most common subtypes (oligoarthritis and RF-negative
polyarthritis), 17 susceptibility loci were identified at genome-wide significance
(p-value <5x108) and a further 11 reaching suggestive significance (p-value
<1x10). These findings were the results of a large international collaboration
using the ImmunoChip array, targetting 186 known loci in 12 autoimmune
diseases. However, a limitation to the afore-mentioned study was that the analysis
is limited to the selected loci; large genome-wide studies are now needed.
Obijectives: The aim of this work is to identify novel genetic loci associated with
disease susceptibility using a large cohort of UK JIA cases

Methods: Whole-genome genotyping data was generated using four platforms
(lllumina). Following stringent quality control common variants to all four platforms
were extracted from the individual datasets before merging together. Imputation
was performed using the Haplotype Reference Consortium panel on the Michigan
Imputation Server using Minimac3 software. SNPs with imputation accuracy
(r?>0.5), minor allele frequency >1% and Hardy-Weinberg p-value>1x10°% were
retained for analysis. Association was conducted using logistic regression; using
the top three principal components as covariates. Bioinformatics analysis was
performed using in-house Capture Hi-C data, to study long-range interactions, to
elucidate the potential function of the associated SNPs

Results: Post-QC, 2,585 cases and 5,181 controls were available for analysis
with ~7.4 million SNPs. Analysis conducted within oligoarthritis and RF-negative
polyarthritis cases, (n=1,617) confirmed 13 previously identified JIA risk loci and
identified more than 20 potentially novel regions above suggestive significance
(2.25x1079%). Of these, rs7874896, an intergenic SNP located between TNFSF15
and TNFSF8 on chromosome 9 was one of the most strongly associated (p-value
3.67x10°7). TNFSF15 is particularly interesting as by homology and function,
is very similar to TNFa. Furthermore, in Crohns disease, it has been found
that TNFSF15 drives expression of pro-inflammatory cytokines (IFNy) and TNFa
from CD4+CD161+ T-cells, yet these cells were found to be resistant to anti-
TNF treatment; suggesting that blockade of TNFSF15 may possess therapeutic
benefit. Further investigation of SNPs within the TNFSF15/TNFSF8 gene region
using Capture Hi-C data yielded potentially interesting interactions both within
this region and with nearby genes within T- and B-cell lines

Conclusions: This study represents the largest GWAS conducted in JIA to
date and our preliminary results have identified novel associations with the most
common subtypes of the disease and may have highlighted a potentially novel
therapeutic target
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Background: Autoimmune diseases are highly disabling chronic disorders
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characterized by the activation of multiple immune and inflammatory pathways
against self-components. Clinical studies have demonstrated that autoimmune
diseases have a higher prevalence of cardiovascular events compared to
the general population. Understanding the genetic and biological mechanisms
underlying cardiovascular disease (CVD) risk in autoimmunity could therefore be
fundamental to develop more efficient preventive and therapeutic strategies.
Objectives: The objective of this study was to characterize the genetic basis of
CVD risk in autoimmune diseases.

Methods: A total of 6,485 patients from the six autoimmune diseases RA, PA,
SLE, PS, CD and UC were recruited by the Spanish biomedical consortium IMID
Consortium. All patients were Caucasian European from the Spain. CVD patients
were defined as having >1 out of the 3 most frequent cardiovascular phenotypes:
(i) ischemic heart disease (ii) cerebrovascular accident and (iii) peripheral arterial
disease. In order to characterize the genetic basis of CVD risk in autoimmune
diseases, we used genome-wide genotyping data from all autoimmune disease
patients included in the study. First, we tested the association of established
CVD risk variants within each autoimmune disease. Second, we analyzed the
association of autoimmune disease risk variants with an increase in CVD risk.
Finally, we used the cross-phenotype meta-analysis approach (CPMA) to perform
a genome-wide meta-analysis and identify global genetic patterns associated with
CVD risk in autoimmune diseases.

Results: A total of 17 loci previously associated with CVD risk in the general
population were significantly associated with CVD risk in the autoimmune patient
cohorts (P<0.05). From these, 4 loci were found to have significantly different
genetic effects across autoimmune diseases (P<0.05). We also found that 6 risk
loci for autoimmune diseases were associated with an increase in CVD risk, like
the RA risk gene CFLAR-CASP8. The CPMA identified a total of 10 genetic
patterns significantly associated with CVD risk across all autoimmune diseases.
Two of these patterns showed a highly significant association with CVD risk in
RA, PsA and SLE. The functional analysis of these two genetic patterns revealed
a significant enrichment in key pathways related to the etiology of rheumatic
diseases like TNFa (FDR<0.05) and IFNy (FDR<0.05) cytokine pathways.
Conclusions: The results of the present study represent an important step
towards the characterization of the genetic basis of CVD in autoimmune diseases.
These findings contribute to explain the higher prevalence of cardiovascular
events observed in patients with autoimmune diseases compared to the general
population.
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Background: Rapidly reducing disease activity is of major importance in the
management of newly diagnosed rheumatoid arthritis (RA) patients as early
response strongly correlates with long-term clinical outcomes. To select patients
for whom it would be favourable to initiate a biological drug from start of therapy,
it is crucial to study biological pathways and biomarkers involved in treatment
response.

Objectives: To identify biological networks and signature genes among disease
modifying anti-rheumatic drug (DMARD)-naive early RA patients achieving
sustained drug-free remission (sDFR) after initiating treatment with tocilizumab
(TCZ).

Methods: Data was used from DMARD-naive early RA patients in the U-Act-Early
trial who had been randomized to initiate TCZ therapy. The study design and
details have previously been described.[1] Briefly, TCZ (8 mg/kg) was given every
4 weeks and if remission was not achieved, methotrexate (oral) was added. When
the target was achieved, therapy was tapered and subsequently discontinued
provided remission persisted. sSDFR was reached when patients remained >3
months in remission while being drug-free until the end of the two-year study
period. Before the first dose of medication, whole blood samples were collected
and RNA was isolated from CD4 cells and analyzed using RNA sequencing.
The DESeq2 package was used to identify differentially expressed genes (DEGs)
between responders (achieving sDFR, n=13) and non-responders (not able to
taper medication, n=11). Subsequently, weighted gene co-expression network
analysis (WGCNA) was used to study clusters (modules) within the 1000 most
relevant DEGs.

Results: In total, eight modules with varying sizes (10-470 genes) were
identified. The module best correlated (Pearson correlation coefficient 0.52,
p=0.009) with achieving sDFR included 26 genes and was used for further
functional analysis. Within this module, we found three significantly enriched
pathways in the Kyoto Encyclopaedia of Genes and Genomes (KEGG) database.
These were calcium signalling pathway (p=5.81E%4), carbohydrate digestion &
absorption (p=4.46E°2), and neuroactive ligand-receptor interaction (p=2.61E2).
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Fig. 1: N k visualization of the i ion of gene co-expression in the module best correlated with

ing ined drug-free ission. Upregulated genes are expressed as green nodes and the down-
regulate gene as red node. The three rounded rectangular nodes display the highest co-expressed genes within
the module (>10 connections) when applying a weight cut-off of 0.01. The average number of nodes connected

at this cut-off was 4.6 (correlation coefficient 0.82).
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In addition, we identified 83 overrepresented Gene Ontology (GO) terms of which

granulocyte migration (p=2.70E*), myeloid leukocyte migration (p=8.95E*) and

G-protein coupled amine receptor activity (p=1.25E°%) were most significant.

The genes in the module of interest showing the highest connectivity were the

upregulated testis expressed 22 (TEX22), doublecortin lie kinase 2 (DCLK2),

and the downregulated Williams Beuren syndrome chromosome region 27

(WBSCR27) gene (Fig. 1).

Conclusions: When performing network analyses of the DEGs between respon-

ders and non-responders, TEX22 and DCLK2 were identified as signature genes

for treatment response to TCZ therapy. WBSCR27 was found to be associated
with less chance of achieving sDFR.
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Background: Numerous genome-wide association studies (GWAS) and large
meta-analyses have started to unravel the multiple gene polymorphisms asso-
ciated with BMD and/or fragility fractures. However the clinical utility of these
genetic markers for fracture prediction remains to be established.

Objectives: To develop a DNA genotyping tool for predicting osteoporotic
fractures in postmenopausal women.

Methods: 768 SNPs previously associated with osteoporosis phenotypes were
identified in silico through the NHGRI GWAS catalog and BoneKey Genetics
website. They were genotyped on an lllumina GoldenGate assay in 1649 post-
menopausal women aged 45+ yrs belonging to three osteoporotic fractures
cohorts from Switzerland, Italy and France. SNPs potentially associated (p<0.10)
with prevalent and incident clinical fragility fractures in one or more of the cohorts,
or in the cohorts together, were then combined in a genetic risk score (GRS).
GRS association with fragility fractures was tested by forward logistic regressions
adjusting for age and FN BMD. The ability of GRS for fracture prediction was
evaluated by the area under the ROC curve (AUC) in the three cohorts combined,
as well separately (for internal replication). For comparison, fracture probabilities
were computed using FRAX clinical risk factors (without BMD) without and with
the addition of GRS.

Results: The average prevalence of fragility fractures in the three cohorts was
25% (range 22 to 28%), of which half were major fractures (FRAX definition). After
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QC filtering, 632 SNPs in 1625 individuals were correctly genotyped, of which
73 were potentially associated with fractures in one or more cohorts. In single
and multiple regression models, GRS was significantly associated with fractures
(OR 1.09, ClI 1.07-1.12, p<0.0001). The GRS AUC for fracture prediction was
significant (0.65) and highly consistent among the three cohorts. GRS predicted
major fractures as well as FRAX clinical risk factors without BMD (AUC 0.63 vs
0.58, p=0.08), and when combined with clinical FRAX, the AUC was significantly
improved (0.67, p=0.0106).

Conclusions: SNPs previously associated with osteoporosis phenotypes through
large GWAS and meta-analyses can be replicated for association with fragility
fractures in post-menopausal women from three European countries. Our results
provide a proof-of-principle that a genetic risk score (GRS) based on these SNPs
represents an independent risk factor for fractures and could be developed into
a genetic algorithm to improve the prediction of fragility fractures, either alone or
together with FRAX.
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Background: RA susceptibility risk is disproportionately high (~2-3fold) in
Indigenous North American (INA) tribes compared to other populations’-2. Environ-
mental, lifestyle & genetic factors account for <20% of observed disease variance
suggesting contribution of additional risk determinants®. Emerging evidence
suggests small non-coding microRNAs (miRs) e.g. miR-155, miR-146a, miR-26b
are key contributors to RA pathogenesis®. In this project, we examined the role of
miRs on RA incidence, and association with anti-citrullinated protein antibodies
(ACPA), whose appearance precedes disease symptoms. We hypothesized that
differential expression of specific miRs associated with disease symptoms will
facilitate RA transition in genetically susceptible first-degree relatives (FDRs).
Methods: Whole blood and peripheral blood mononuclear cells (PBMCs) were
obtained from age-matched ACPA+ RA patients (n=18), non-symptomatic ACPA+
FDRs (n=12) and ACPA- healthy controls (n=12), who belonged exclusively to
INA Cree-Ojibway communities of Northern Manitoba, Canada. Total RNA was
isolated using miRVANA kit (Ambion). Expression of selected 32 miRs based
on the published literature, and associated downstream mRNA targets, were
monitored by quantitative real-time PCR, RNU48 and 18sRNA were used for input
normalization for miRNA and mRNA expression respectively.

Results: Whole blood expression profiling identified 10 differentially expressed
miRs in RA patients compared to control subjects. Expression of miR-103a-3p was
significantly up-regulated (~2.3-fold; p=0.0062), whereas that of imiR-16, miR-24,
miR-29a, miR-125a-3p, miR-203, miR-222, miR-223, miR-150 and miR-346 were
down-regulated in RA patients compared to controls. Increased miR-103a-3p
expression was also confirmed in PBMCs from ACPA+ RA patients (~2 fold;
p=0.0040) compared to controls. Further, miR-103a-3p expression was increased
in ACPA+ FDRs (>4 fold) compared to controls (p=0.0005), and ACPA+ RA
patients (p=0.0149). miR-103a-3p expression was consistently elevated in ACPA+
FDRs, when we analyzed samples obtained at two independent time points (1year
apart). Consistent with this, expression of AGO1 and DAPK1 mRNA, downstream
targets of miR-103a-3p, was decreased significantly (p<0.05) in ACPA+ FDRs
compared to controls.

Conclusions: This study defines a unique signature of dysregulated miRs
amongst RA patients and their related FDRs within the INA cohort. Our results
suggest a potential role of miR-103a-3p as a prognostic biomarker for pre-clinical
RA.
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Background: A single nucleotide polymorphism within the phosphatase PTPN22



