Investigation of genetically-regulated gene expression and
response to treatment in rheumatoid arthritis highlights
an association between IL18RAP expression and treatment
response
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ABSTRACT

Objectives

In this study, we sought to investigate whether there was any association between genetically-regulated gene
expression (as predicted using various reference panels) and anti-TNF treatment response (change in erythrocyte

sedimentation rate, ESR) using 3,158 European ancestry rheumatoid arthritis patients.

Methods

The genetically-regulated portion of gene expression was estimated in the full cohort of 3,158 subjects (as well
as within a sub-cohort consisting of 1,575 UK patients) using the PrediXcan software package with three different
reference panels. Estimated expression was tested for association with anti-TNF treatment response. As a
replication/validation experiment, we also investigated the correlation between change in ESR with measured
gene expression at the Interleukin 18 Receptor Accessory Protein (IL18RAP) gene in whole blood and
synovial tissue, using an independent replication data set of patients receiving conventional synthetic disease

modifying anti-rheumatic drugs, with directly measured (via RNA sequencing) gene expression.

Results

We found that predicted expression of /L718RAP showed a consistent signal of association with treatment
response across the reference panels. In our independent replication data set, IL 78RAP expression in whole
blood showed correlation with the change in ESR between baseline and follow-up (r = —0.35, p =0.0091).

Change in ESR was also correlated with the expression of IL78RAP in synovial tissue (r =—0.28, p =

0.02).

Conclusion

Our results suggest that IL18RAP expression is worthy of further investigation as a potential predictor of

treatment response in rheumatoid arthritis that is not specific to a particular drug type.
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INTRODUCTION

Tumour necrosis factor @ inhibitors (anti-TNFs) are the most commonly-prescribed second-line
drugs for conventional synthetic Disease Modifying Anti-Rheumatic Drug (csDMARD)-resistant
rheumatoid arthritis (RA) patients. However, patients show a significant non-response rate to
anti-TNF treatment’ 2. With recent advances in microarray and RNA sequencing (RNA-Seq)
technologies, itis hypothesised that gene expression profiling might inform ourunderstanding of
the heterogeneity of responses to treatment in RA?. Indeed, Tanino et al.* identified ten genes
predictive of response to the anti-TNF antibody Infliximab, based on a transcriptome analysis of
white blood cells from RA patients, while Julia et al.? identified an eight-gene predictor model from
microarray gene expression analysis on whole blood RNA samples from RA patients. Previously,
using a microarray analysis of mononuclear cell RNAs, Lequerré et al.® was able to perfectly separate
responders to Infliximab from non-responders.

However, when studying alarge number of patients, measuring gene expression at a genome-
wide scale might not be financially feasible, as RNA-seq remains more expensive than genome-wide
genotyping approaches. The PrediXcan method/software package’is a cost-effective approach for
estimating the genetically-regulated portion of gene expression at each gene from a genome-wide
set of genes. PrediXcan estimates the component of a gene’s expression determined by an in-
dividual’s SNP genotypes (at SNPs in the vicinity of the gene), and then tests for association
between the predicted expression and the phenotype. The estimation of gene expression is per-
formed using whole-genome tissue-dependent prediction models trained with reference panels that
have both SNP and gene expression data. Here, we applied PrediXcan to data on RA patients
receiving anti-TNF treatment from the MAximising Therapeutic Utility for Rheumatoid Arthritis
(MATURA) consortium?®, focussing on testing the association between the change in erythrocyte
sedimentation rate (ESR) and predicted gene expression. We elected to focus on change in ESR
as an objective measure of response that has been shown to have higher heritability than other

measures of response”’.



METHODS

UK data set

The UK datasetwascomprised ofimputed genome-wide SNP genotype data (9,084,265 SNPs) for up to
1583 patients receiving anti-TNF treatment from the MATURA consortium; this corresponds to
the “anti-TNF, ESR data set” previously described by Cherlin et al.'° Quality control (QC) on the
imputed SNP data was performed using standard procedures outlined by Anderson et al.!!
Individuals were excluded if the reported sex did not match the sex assessed by genotype, and
samples with elevated missingness rate, outlying heterozygosity rate, outlying ethnicity and
relatedness were also excluded. SNPs were excluded if they had a post-imputation INFO score
< 0.8. Genotype hard calls were set to missing if the posterior probability was < 0.9. The data
was filtered by minor allele frequency (MAF > 0.01), Hardy-Weinberg disequilibrium (p >
0.000001) and missing genotype rate (<0.05). The SNP genotypes were encoded according to the
number of copies of the minor allele possessed. The phenotype was defined as the difference
between the follow-up ESR measure (measured at 6 months, or 3 months if this was not
available) and the baseline ESR measure on the log scale, that is, log(ESRy,) —log(ESR). This
difference was then adjusted (by taking as the final phenotype the standardised residuals from a
linear regression, carried out in the statistical software package R) for baseline ESR, drug type (a 5-
level categorical variable indicating Adalimumab, Etanercept, Infliximab, Certolizumab pegol
and Golimumab), a separate binary indication of whether or not patients received another
DMARD in addition to the anti-TNF treatment, gender and the first ten principal components
(PCs) of the SNP genotypes. The final post-QC data set was comprised of 1,575 individuals and
4,542,023 SNPs.

Expanded European ancestry data set

An expanded European ancestry data set was constructed, consisting of imputed genotype data
at 4,498,586 genome-wide SNPs for 3158 patients. This expanded data set consisted of a
combination of the original (1,575 patient) UK data set and a separate independent data set of

1,583 US and EU patients, corresponding to a subset (to which we were granted access) of the
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patients from a pre-existing international collaboration formed to study the genetics of response

to TNFi agents'?. The same QC procedures were performed separately on the 1,583 US/EU
patients, and their post-QC SNP genotype data were merged with the data for the 1,575 UK
patients. In this combined European ancestry data set, the phenotype, defined as the difference
between the follow-up ESR measure and the baseline ESR measure on the log scale, was adjusted
for the baseline ESR measure on the log scale (log(ESRp)) and the first three PCs (which was
found sufficient to produce no inflation in the genome-wide set of test statistics for association
between SNPs and phenotype) and subsequently adjusted for gender; other covariates were not

available. The standardised residuals afterall adjustmentswere then taken as the final phenotype.

Replication data set

The replication dataset consisted of 9o treatment-naive early rheumatoid arthritis patients fulfill-
ing the 2010 ACR/EULAR RA Classification Criteria from the Pathobiology of Early Arthritis
Cohort (PEAC), in whom ultrasound-guided synovial biopsies (n=87 post-QC) and whole blood
samples (n=67)weresubjectto RNA-sequencingas previously described!®. Notablyboth synovial
biopsies and blood samples were taken prior to patients receiving any disease modifying treatment
such as corticosteroids. 1ug of total RNA was used as an input material for library preparation
using TruSeq RNA Sample Preparation Kit v2 (Illumina). Generated libraries were amplified
with 10 cycles of PCR. Size of the libraries was confirmed using 2200 TapeStation and High
Sensitivity D1K screen tape (Agilent Technologies) and concentration was determined by qPCR
based method using Library quantification kit (KAPA). Multiplexed libraries (five per lane) were
sequenced on Illumina HiSeq2500 to generate 50 million paired-end 75 base pair reads. Transcript
abundance wasderived using Kallistov0.43.0 and tximport 1.4.0 using GENCODE v24/GRCh38
asreference, and transformed toregularised log expression (RLE) using DESeq21.14.1. RNA-Seq
datahavebeen deposited in ArrayExpress under Accession code E-MTAB-6141. Genotyping and
QC was performed using the same methodology as for the UK data set as described above. Ex-
pression quantitativetraitlocus (eQTL) analysison PEACblood RNA-seqsamples was performed
using the matrix eQTL package in R'* using 4 principal components to adjust for ancestry and 4
probabilistic estimation of expression residuals (PEER) calculated as per Stegle et al.'® as model

covariates.



Discovery analysis based on predicted gene expression

PrediXcan was applied to both the UK data set and the expanded European ancestry data set. In
PrediXcan,anelasticnetprediction modelisbuiltusingareferencepanel containing SNPandgene
expression data. This model is then used to predict expression levels in the analysis cohort on
the basis of the measured genotypes, and the resulting predicted expression levels are tested
for association with the outcome of interest. We applied PrediXcan using three reference
panels: (i) a MATURA reference panel comprising 210 MATURA samples (a subset of the UK
samples used later for testing), for which SNP and gene expression data were available®); (ii) a
GTEx reference panel for which PrediXcan provides pre-calculated models; this panel comprises
338 samples from the Genotype- Tissue Expression Consortium!6; (iii) a DGN reference panel for
which PrediXcan provides pre- calculated models; this panel comprises 922 samples from the
Depression Genes and Networks Consortium!”.

To construct the MATURA reference panel, we used 33,170 QC-ed and batch-adjusted!® gene
expression probes from the Illumina HT-12 Gene Expression Beadchip, measured in whole-blood
at baseline in 210 patients, together with QC-ed imputed genotype data at 3,978,972 genome-
wide SNPs in the same patients. Probes that corresponded to different genes (according to the
GENCODE version 19'%) were removed, and probes that corresponded to the same gene were
combined as specified’. The final gene expression data set consisted of 17,008 probes. We note
that the SNPs used for constructing the MATURA reference panel corresponded to a subset of
the SNPs present within the UK data set, however, they did not correspond to an exact subset
of SNPs present in the expanded European ancestry data set owing to different SNPs remaining
post-QC. We used default PrediXcan parameters to build the elastic net model (@ = 0.4, window
size = 1 Mbp, false discovery rate threshold = 0.05). The final MATURA reference panel included
1,573 genes. Modelsbased on whole-blood GTExand DGN reference panelswere provided as part
of the PrediXcan software (downloaded from http://predictdb.org/), and included 6,057 and 9,836

genes, respectively.

Replication analysis based on measured gene expression

Clinical parameters including DAS28 score and subcomponents, ESR, CRP, rheumatoid factor
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(RF) and anti-citrullinated peptide antibody (ACPA) positivity/titre were collected at baseline

and every 3 months. Patients were treated with methotrexate-based combination DMARDs (81%),
methotrexate alone (6.8%), hydroxychloroquine alone (5.9%) or sulfasalazine alone (3.4%) or no
DMARDs (2.5%). Clinical response was assessed by change in clinical parameters at 6 months
and correlated with IL18RAP transcript levels measured by RNA-seq in baseline synovial biopsy

orwholeblood.

RESULTS

Discovery analysis based on predicted gene expression

The results for the UK and expanded European ancestry data sets are shown in figures 1 and 2,
respectively. Although no genes pass experiment-wide significance, for the UK data set (figure1),
the most significant gene identified using the MATURA reference panel (IL18RAP on chromosome
2) achieved close to experiment-wide significance (p = 4.3 X 10~ °), and this was also the top gene
when using the DGN reference panel (p = 6.7 X 10~°). When using the GTEx reference panel,
IL18RAP was the fourth top gene (p = 1.5 X 107%).

For the expanded European ancestry data set (figure 2), ILI8RAP was again the top gene
when using the MATURA reference panel (p = 1.4 X 10~%). With the DGN reference panel, this
gene was the fifth top gene (p = 2.3 X 10™%), and with the GTeX reference panel, it was the fourth

top gene (p = 4.0 X 10~ %). Online supplementary table 1 shows the significance levels and effect
estimates achieved at ILISRAP when using either the full 3158-person expanded European
ancestry cohort or when it is divided into its constituent UK or US/EU sub-cohorts. (Note that
the results for the UK sub-cohort differ slightly from those obtained in the original analysis of
the UK data set on account of (a) the different phenotypic adjustments made when using the
full expanded European ancestry data set and (b) slightly different SNPs being available for
prediction of expression, see below). The signal is seen to be predominantly driven by the
results from the UK sub-cohort, with the US/EU sub-cohort showing the same direction of
effect, but with the effect size considerably attenuated.

The PrediXcan models for predicting the expression of ILI8RAP involved 77, 46 and 86 SNPs
when using the MATURA, GTEx and DGN reference panels, respectively (online

supplementary table 2). All 77 SNPs from the MATURA reference panel appeared in the
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expanded European ancestry data set, while 37 out of 46 SNPs from the GTEx reference panel

and 82 out of 86 SNPs from the DGN reference panel appeared. Density estimates for the
resulting predicted expression values are shown in online supplementary figure 1; their
relationship with phenotype is shown in online supplementary figure 2. The prediction R*

statistic for ILI8RAP (based on PrediXcan’s internal tenfold cross-validation procedure using
the relevant reference panel) was 0.32 (p = 1.9 x 10~ ?) with the MATURA reference panel, 0.30

(p = 4.4 x 1072%") with the GTEx reference panel and 0.71 (p = 2.8 x 10~%®) with the DGN
reference panel, suggesting reasonable predictive ability for expression at this gene across all
panels. As expected (given the association between SNPs contributing to the prediction models
and expression, and between predicted expression and response), a number of SNPs also
showed direct associations with response (online supplementary table S2), although as noted
previously'¢ these do not meet genome-wide significance levels.

The most significant gene overall using the expanded European ancestry data set was

ARV1 on chromosome 1, which appeared both when using the DGN reference panel (p = 9.1 X

10~ °) and the GTEx reference panel (p = 6.4 x 10~°). This gene was absent on the MATURA
reference panel because the PrediXcan software failed to predict its expression value. In the
original analysis of the UK data set, the signals for the ARV1 gene were generally weaker than, or
similar to, those seen at ILI8RAP (figure 1). Additionally, the prediction accuracy for ARV1inthe
expanded European ancestry data set, asmeasured by the R? statistic, was very low (R? = 9.6 X

10~2; p = 0.072) with the GTEx reference panel, and relatively lower (R? = 0.18; p = 2.1 X 10~ %})
than that seen for ILI8RAP with the DGN reference panel, suggesting that these results at ARV1

should be interpreted with caution.

Replication analysis based on measured gene expression

In the replication data set, we observed a significant expression quantitative trait locus (eQTL)
association (P = 5.8 x 10~ !'!) between multiple SNPs across the ILISRAP locus and IL18RAP
expression measured by RNA-Seq of whole blood samples in patients with early RA (figure 3a, b),
thus confirming that IL18RAP genetic polymorphismsregulate expression of IL18RAP in periph-
eral blood in early RA patients. The expression of [L18RAP measured in whole blood showed cor-
relation with the changein ESR between baseline and 6-month follow-up (r= —0.35;p=0.0091)

in RA patients treated with MTX-based combination DMARD therapy (figure 3c); specifically
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each unit increase in IL18RAP regularised logexpression resulted in a 13.4 mm/hour decrease

in ESR between baseline and 6 months. Also, a correlation was observed between the expression
of ILI8RAP in synovial tissue and the change in ESR (r = —0.28; p = 0.02) (figure 3d);
specifically each unit increase in regularised log expressionresulted in a 11.8 mm/hour decrease
in change in ESR over 6 months. Thus, our replication experiment based on actual measured
gene expression (in an independent set of patients) validates the association between predicted

IL18RAP expression and treatment response seen in the discovery cohort.

DISCUSSION

In this study, we investigated the association between the genetically-regulated portion of gene
expression and change in the ESR in a large cohort of RA patients from the MATURA consor-
tium. We found that predicted expression of ILI8RAP showed a consistent signal across data sets
analysed using different reference panels, while achieving a reasonable level of prediction accuracy
as measured by the prediction R?. Despite the consistency of the results for ILI8RAP, some
differences in the strength ofthe signal were observed for different data sets and reference panels.
These differences require further investigation, however they can be partly explained by the
different sample sizes (and SNPs available to inform prediction) in the different reference panels.
In an independent replication data set of patients treated with csDMARDs with measured gene
expression, theasso- ciation between expression of ILI8RAP and changein the ESR was confirmed
both in whole-blood and synovial tissue, highlighting IL18RAP as a gene worthy of further
investigation for prediction of treatment response in RA that is not treatment-specific. No other
expressed genes were consistently associated with response, providing confidence that it is the
IL18RAP gene that is driving the association rather than serving as a proxy for another gene.
The protein encoded by IL1I8RAP enhances the IL-18 binding activity of the IL-18 receptor
and plays a role in signaling by IL-18 2%, IL-18 plays an inflammatory role in RA*%* 23 and has
previously beenidentified as a potential therapeutic targetin the treatment of RA%% 2%, Ithasbeen
suggested that IL-18 plays some part in the degradation of articular cartilage in arthritis®®,
Additionally, Rooney et al.?” showed that synovial tissue IL-18 production measured by

immunohistochemistrywas correlated with serum Creactive protein in inflammatory arthritis, while



10
Joosten et al.?® found a correlation between thelevel of IL-18 in the synovial tissue of the RA

patients and ESR.

Previous studies have reported a potential association between IL18RAP and treatment
response in RA. Analysis of CAGE sequencing data from the FANTOM5 consortium showed that
IL18RAP is highly expressed in neutrophils, gamma delta T cells, eosinophils and NK cells.
Analysis of the BioGPS database (http://biogps.org/) confirms that IL18RAP is highly expressed
in NK cells. IL18RAP expression is upregulated in NK and T cells in response to IFN-alpha and
IL-12%. IL1I8RAP was found to be significantly upregulated (adjusted P = 5.5 X 10~ "®) in NK
cells in single cell RNA-seq RA synovium data from Stephenson et al.?!. Similarly in a second sin-
gle cell RNA-seq study of RA synovium?®?, IL18RAP shows increased expression in synovial tissue
T cell populations. In RA synovium, the baseline expression of the S1 module (NK cell surface
signature) from Li et al.?® which includes IL1ISRAP as one of its 45 genes, correlates significantly
with change in ESR. Additionally, the synovial baseline expression for another NK cell module
(M7.2) which includes IL18RAP is also significant for the change in ESR.

Our own investigation of the relationship between measured expression of ILI8RAP and
changeinthe ESRinwhole-blood and synovial tissue in our replication data set was motivated by
our initial identification of a relationship between changeinthe ESR and predicted expression of
IL18RAP in our discovery data sets, using the PrediXcan method/software. Other
methods/software packages for performing transcriptome-wide association studies exist, but as
shown by Fryett et al34, they tend to perform very similarly to one another. These methods are
dependent on the underlying eQTL data used to build the prediction models, and therefore
would generally be expected to give very similar results. Given that the external datasets used to
inform the prediction were derived from population studies and would unlikely to have been
enriched for patients with RA, the risk of the association detected with ESR being spurious is
low.

We elected to focus on change in ESR as an objective measure of response that has been
shown to have higher heritability than other measures of response9. Other clinical outcomes
relating to anti-TNF treatment response, such as joint destruction scores or CRP, could certainly
be assessed using similar approaches. However, joint destruction scores were not available in

our discovery data set, and there were many missing values for CRP, making this a less attractive
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option in this instance.

Overall, our results, combined with the existing evidence, suggest that the expression of
IL18RAP in whole blood might have utility for predicting response to treatment in RA. However,
the effect observed in our replication samples (11.8-13.4 mm/hour decrease in change in ESR
over 6 months) is, by itself, probably too small to be clinically useful, and the small to moderate
correlations seen between IL18RAP expression and change in ESR (figure 3¢, d) suggest that the
actual predictive ability of ILISRAP expression alone may be limited. This approach showsthe
value ofintegrating genetic and expression data to identify factors correlated with response which
could be incorporated into a multi-omic predictive model in the future. Further investigation of
the relationship between IL18RAP expression and varying measures of treatment response in

additional patientcohortsisthuswarranted.
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Figure Legends

Figure 1: Manhattan plots of P -values from tests of association between genetically-regulated gene
expression and the change in ESR for the 1575-person UK data set. The genetically-regulated gene
expression was estimated with (a) the MATURA reference panel, (b) the GTEx reference panel,
and (c) the DGN reference panel. On each panel, the red dashed line represents the experiment-
wide significancelevel computed usinga Bonferronicorrection for the number of tests performed.
The black diamond represents the IL18RAP gene. The white diamond represents the ARV gene.

Figure 2: Manhattan plots of P-values from tests of association between genetically-regulated gene
expression and the change in ESR for the 3158-person expanded European ancestry data set. The
genetically-regulated gene expression was estimated with (a) the MATURA reference panel, (b)
the GTEx reference panel, and (c) the DGN reference panel. On each panel, the red dashed line
represents theexperiment-widesignificancelevel computed using a Bonferroni correction forthe
number of tests performed. Theblackdiamondrepresentsthe[L18RAP gene. Thewhitediamond
represents the ARV1 gene.

Figure 3: Confirmation of the ILISRAP expression quantitative trait locus and clinical conse-
quences in rheumatoid arthritis. (a) Manhattan plot showing expression quantitative trait locus
analysis comparing influence of SNPs at the ILISRAP locus on IL18RAP expression in blood
measured by RNA-seq. (b) Scatter plot of SNP rs10439410 in the 5’ upstream region of IL18RAP
and IL18RAP expression in whole blood. (c & d) Correlation between the change in ESR between
baseline and 6 months of combination DMARD therapy and IL18RAP expression measured by
RNA-seq in whole blood (c¢) and synovial tissue (d).
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Key messages

What is already known about this subject?

¢ ]L-18 plays an inflammatory role in rheumatoid arthritis and has previously been

identified as a potential therapeutictarget.

e The protein encoded by the gene ILI8RAP enhances the IL-18-binding activity of the IL-
18 receptor and plays a role in IL-18 signaling.

What does this study add?

¢ Wedemonstrate a robust association between IL18RAP gene expression (both in whole-

blood and synovial tissue) and treatment response in rheumatoid arthritis.

e The association between IL1I8RAP expression and treatment response is not specific to a

particular drug type but is observed across different treatments.

How might this impact on clinical practice or future developments?

e Measurements of IL18RAP expression could potentially be incorporated into a multi-omic

predictive model for treatment response in rheumatoid arthritisin the future.
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Investigation of genetically-regulated gene expression
and response to treatment in rheumatoid arthritis
highlights an association between ILISRAP expression

and treatment response

Online Supplementary Material

Table S1. Effect sizes and significance levels achieved at ILIS8RAP when using either the
full 3158-person expanded European ancestry cohort or when it is divided into its
constituent UK (1575 people) and US/EU (1583 people) sub-cohorts.

Reference panel | Gene UK US/EU Full

Effect size \ P-value | Effect size \ P-value | Effect size \ P-value

MATURA IL18RAP -0.210 0.00021 -0.054 0.17344 -0.131 0.00014

GTEx IL18RAP -0.235 0.00105 -0.076 0.11999 -0.152 0.00040

DGN IL18RAP -0.128 0.00025 -0.030 0.21817 -0.079 0.00023




Table S2. The columns “Effect MATURA”, “Effect GTEx” and “Effect DGN” represent
the effects of the SNPs in the prediction models when using the MATURA (77 SNPs),
GTEx (46 SNPs) and DGN (86 SNPs) reference panels. The columns “Coeff” and
“P-value” represent the coefficient and the P-value from the association between the SNPs
and the phenotype in the UK data set.

| SNP | BP | Effect MATURA | Effect GTEx | Effect DGN | Coeff | P-value
rs13413645 - - -0.040 - - -
rs6759556 : : 0.216 - : -
rs2310220 - . 0.094 - . -
rs11465677 : : -0.003 - - -
rs17775170 - - 0.009 - . -
rs10178585 : : -0.028 - : -
rs10185170 . . 0.068 - - -
rs12328682 - - 0.004 - . -
rs7599071 - - -0.010 - - -
rs1093515 : : . 0.015 : -
rs13427957 . . : -0.015 . -
rs266064 - - - -0.004 - -
rs4319952 - - - -0.021 - -
rs7589943 | 102038936 : 0.055 - 0.006 | 0.96600
rs290772 | 102126220 . : 0.007 | -0.065 | 0.34800
rs75094400 | 102142042 0.080 . - -0.236 | 0.02390
rs17201799 | 102179247 - 0.054 - -0.038 | 0.37600
rs12990046 | 102543479 0.039 . - -0.007 | 0.85600
rs11678842 | 102674806 -0.010 : - 0.074 | 0.08400
rs13388182 | 102722402 - - -0.020 | 0.032 | 0.38700
rs13029804 | 102723017 - - 0.014 | -0.072 | 0.11000
rs1812326 | 102860411 -0.031 . - 0.069 | 0.05930
rs10186746 | 102866377 -0.026 : - 0.065 | 0.07800
rs62151694 | 102899464 0.049 . - -0.072 | 0.25500
rs13007174 | 102960487 0.006 - - -0.081 | 0.17300
rs13014044 | 102961366 0.005 . - -0.087 | 0.14800
rs1946131 | 102961929 0.005 : - -0.077 | 0.19600
rs1054096 | 102962350 0.005 . - -0.079 | 0.18600
rs12989197 | 102962739 0.004 - - -0.075 | 0.21100
rs12996097 | 102963628 0.004 . - -0.081 | 0.17400
rs13028993 | 102963949 0.004 : - -0.076 | 0.20100
rs12999542 | 102965392 - - 0.017 | -0.083 | 0.16300
rs13014644 | 102971363 0.015 - - -0.079 | 0.18500
rs13015714 | 102971865 : 0.018 - 0.111 | 0.00955
rs11465567 | 102978400 0.006 : - -0.072 | 0.22800
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Figure S1. Density estimates (calculated using the density() function in R) of the
predicted genetically-regulated gene expression at ILISRAP in the UK and expanded

European ancestry cohorts.
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Figure S2. Plots of the linear regressions that are being fitted at ILISRAP in the UK and
expanded European ancestry cohorts. Estimated regression lines are shown in red.



