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BACKGROUND

 Even during suppressive antiretroviral therapy (ART),
higher levels of immune activation and inflammation in
people with HIV (PWH) may contribute to increased risk
of morbidity and mortality compared to people without
HIV (PWoH).1-2

« Signaling by the NOD-like receptor 3 (NLRP3)
inflammasome (which induces IL-1p3, IL-6, IL-18
production) has been associated with increased risk of
vascular events3~ and mortality®’ in PWH on ART.

« There have Dbeen relatively few genome-wide
association studies (GWAS) of HIV and most have
focused on virologic outcomes.5-°

» Using whole genome sequencing (WGS), we performed
a GWAS of plasma levels of NLRP3 inflammasome-
induced cytokines (IL-1pB, IL-6, IL-18) to identify potential
novel mechanisms driving inflammation and immune
activation in PWH on ART.

METHODS

 We performed WGS (~60X coverage) from 1002 virally
suppressed (>1 year ART) PWH from the U.S. Military
HIV Natural History study.°

* Circulating plasma concentrations of IL-1(3, IL-6, and IL-
18 were quantified via U-PLEX assay (Meso Scale).

« We performed quality control analyses to filter for
heterozygosity, Hardy-Weinberg equilibrium, and
chromosomal sex (PLINK'). Reads were aligned (joint
variant calling using HaplotypeCaller'#), mapped (using
Picard’™ and GRCh38 assembly), and filtered by quality
score (VQSR, GATK'214),

« We performed single variant analyses using the
GMMAT package,” and rare variant (gene-based)
analyses using SMMAT.'"® We then estimated tissue-
based gene expression levels for participants using the
GTEx public database,’” which allowed us to predict
how tissue gene expression levels varied in relation to
the NLRP3 inflammasome-induced cytokine levels
using transcriptome-wide analyses (TWAS).

* All mixed-effect association models were adjusted for
ancestry (first five ancestry principal components, as
well as a genetic relatedness matrix), age, and sex.

The NLRP3 inflammasome (which directly induces IL-1[3, IL-6, IL-18) has been
associated with increased risk of vascular events and mortality in PWH on ART.

Whole genome sequencing of 1002 PWH on ART identified several DNA variants
associated with host myeloid iImmune response, HIV replication, and cardiovascular
risk to predict plasma NLRP3 inflammasome cytokine levels (IL-13, IL-6, IL-18).

Gene-based rare variant and transcriptome-wide association analyses supported the

association with genes involved in host immunity and cardiovascular function and also

predicted expression of these genes from key relevant tissues (e.g., coronary artery).

Figure 4: TWAS predicted increased expression of genes involved
in lipid metabolism, T cell exhaustion, and NLRP3 inflammasome
activation to be associated with plasma IL-13, IL-6, and IL-18
levels from relevant tissues (e.g., coronary artery, spleen)
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Heatmap of top genes expressed from tissues from the public GTEx database!’ that were associated with plasma NLRP3
inflammasome cytokine levels (p<0.05 labeled with an x; p<0.0001 labeled as an x with a circle). The strength of the
associations are shown by the heatmap “Beta" by ancestry group (AFR and EUR on the x-axis), as well as by tissue type
(top row of figure) and cytokine (second row of figure). Positive Beta values indicate an upregulation in gene expression.

Figure 1: Characteristics of study population (N=1002 PWH on Figure 2: DNA variants in gene regions associated with
ART from the U.S. Military HIV Natural History cohort) atherogenesis, epithelial function, and host immune
A B responses were associated with plasma IL-1[3, IL-6, IL-18
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Figure 3: Rare variant gene-based analyses identified several immune pathways involved in vascular endothelial function,
antiviral responses (e.g., type | interferon signaling), and host cellular and humoral responses to be associated with IL-13
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CONCLUSIONS

We identified several host genetic variants associated with
NLRP3 inflammasome-induced cytokines in PWH on ART.
Overall, these genetic variants fell into two categories, those
involving the host immune response to HIV and pathways
iInvolved in cardiovascular disease pathogenesis.

We identiflied 14 significant GWAS signals (p<5.0e-8)
implicating host genes involved in myeloid immune
responses (ETV1), HIV replication (DDX17, DDX41,
BCL11A), HIV cell-cell transmission (EEA7), and
cardiovascular disease risk (KLHL29), angiogenesis
(RNF213), and cholesterol metabolism (e.g., ABCA12,
ABCC1, ABCA1, AGMO).

We further identified 3 expression quantitative trait loci
(eQTLs) which were supported by published coronary artery
tissue expression data (GTEx) using PrediXcan models.’
We are currently performing Mendelian Randomization
analyses to now link these findings to adjudicated incident
vascular events from this cohort.

REFERENCES

1. Legarth JAIDS 2016. 2. Hunt JID 2016. 3. Hsue JACC 2018. 4. Toldo Nat Rev Cardiol 2024. 5. Reilly JID 2022. 6. Grund PLoS One 2016. 7. Lee JID 2017. 8.
van Manen Retrovirology 2012. 9. Siegel AIDS 2023. 10. Agan Mil Med 2019. 11. Purcell Am J Hum Genet 2007. 12. McKenna Genome Res 2010. 13. Picard.
https://broadinstitute.github.io/picard/. 14. DePristo Nat Genet 2011. 15. Chen Am J Hum Genet 2016. 16. Chen Am J Hum Genet 2019. 17. Gamazon Nat

Genet 2015. 18. 1000 Genomes Project Consortium Nature 2015. 19. Bhuva BMC Bioinfomatics 2024.

Gene set enrichment analyses for top significant genes associated with plasma IL-18 levels, by ancestry population (AFR, EUR). Similar results were observed for plasma IL-6 and IL-18 (data not shown). Only the gene
sets enriched at p<0.05 are selected to compute an Overlap Network to identify the higher—order biological processes using visst.?> MsigDB Hallmark, Gene Ontology, Curated gene set results were combined to
identify gene pathways associated with plasma IL-18 levels. Size of nodes denotes the number of genes contributing to the gene set. Edges represent the overlaps based of the Jaccard index computed with a

threshold of 0.2 . Heatmap shows top 5 enriched pathways in the cluster.
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