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Abstract

Background

ith nt evidence
sugges(s obes\ty imprints epigenetic memorv that mediates increased rebound
weight gain following cessation of anti-obesity treatments. Therefore, the

v in follow Sulafincod A

may be a durable and robust approach to treating obesity. Previously, we
reported on our generation of an epgenetic tlas of human adipocytes sourced
fepor : pigenetic atla

Il lines. w.m additional samples and
integrate the resulting epigenetic analyses of ampomes with detailed genomic
analysis identifying human gene variants associated with cardiometabolic
disease phenotypes to generate candidate gene targets for therapeutic

that targeted of in
primary human adipocyte models and murine adipose depots mproves cellular
phenotypic and molecular profiles. These data support novel therapeutic
approaches for treating obesity and related comorbidities,

Methods

WAT and BAT were extracted during surgical procedures from human donors
and underwent whole genome DNA methylation sequencing. In some instances,
preadipocytes and mature adipocytes were isolated for analysis as purified cell
populations. We generated genome.vide epgenetic maps and \den(lfed
methylated regions (DMRs) in each rallel,
human genetics datasets were analyzed using GWAS, e e et and
coding variant analyses to identify genetic loci associated with a panel of
phenotypes associated with obesity and cardiometabolic disease. Genetic
targets were derived from the integration of these datasets and underwent
genetic perturbation usingin vitro primary human adipocyte models. The in vivo
roleofselected targets was examined through siRNA inibiton. The i viro and
invivo
measured.

Results

Our adipose tissue atlas identified epigenetic alterations associated with obesity
phenotypes and also provides featuresdistinguishing human brown and white
adipocytes. lysis led to the
identification of potential drug targets. Genetic perturbation experiments in
human adipocytes validated functiona roles for several of these targets, with
inhibition resulting in i d of with
enhanced energy expenditure. In vivo inhibition of selected targets also
mediated transcriptional reprogramming of adipocytes towards increased
lipolysis.

Conclusions

The integration of genetic and epigenetic analysis in adipocytes providk

robust platform for identifying genes with functional roles in promoting
adipocyte dysfunction. Genetic perturbation of these target genes established a
mechanistic understanding of their role in obesity and provides support for
further investigation as potential therapies for obesity and related diseases.

Epigenetic mapping reveals defining
characteristics of cell state
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Figure 1: A key factor influencing the tissue specification and functionality of cells is
the epigenetic state of the cell DNA. (A) Cellular epigenetic state includes factors
such as chromatin density and three dimensional structure, modifications to
histones such as acetylation and methylation, DNA modifications including
methiaion, and the aciy of norsooding DNA fegons such s promoters and
enhancers. While each form of ep\genellc regulation plays an important
controling cell states, (B) recent work has demonstrated that DNA memylauon
states are highly determinative o ool and tesue specification and can be used as a
high-resolution classifier of cell and tissue states. (C) Workfiow for analysis of
primary adipose fissue samples.
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associates genetic variants with metabolic
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genetic association studies were analyzed for genetic
evldenoe supportive of gene links with 57 metabolic
s, ot v Ao
sppmxmauy 15,000 genes with evidence of association
tabolic attributes. Of these, approximately 13,000
genes <had significant association at a genome or exome:
videleve, Vo sirngent nlyss sing expression
quantitative trai loci (éQTL) analysis revealed
approximately 6,000 genes with robust evidence of
elsbolic phenlype assodtions, Fnally, spprosimately
2,500 genes had evidence of coding
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Comparison of adipocytes derived from lean and obese humans reveals epigenetic

alterations associated with obesity
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Figure 2: Epigenetic profiling of adipose tissue from healthy and
obese BMI human donors. (A) Four samples each of white
I isolated from the fat of

with
normal (<25) or obese (>30) BMI were differentiated into adipocytes in

vir end epigeneic o wes andlyzed by EpiRead. (B) iferertilly
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methated regons (DVIRS) vero dentied and hyper-and hypo:

status adipocytes was analyzed. (C,D)
Pathway analysis of hyper- and hypo-methylated genes in obese donor
adipocytes. (E,F) EpiMap of DNA methylation in the BCL2 and PSD3 loci
demonstrates clustering of methylation state by BMI status
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Figure 5: The integration of genomics analysis with epigenetic datasets enables the
identification of potential novel targets for therapeutic intervention in metabolic diseases
(A) Table summarizing the genetic evidence for associations with metabolic phenotypes for top
identified genes. Each column represents an analyzed gene, with colored cells |ndiral|ng the
presence of genetic evidence linking the gene to the trait indicated on B)
Repr&ﬁemallons of of genomic o log assooiated wilh metaboli py mougn geneuc ana\ysls

presence between nd obese Bl
adupocytss &R smegy o |n|egra||ng geneic evidence with epigenetic a1 prwlde
support for candidato target gencs for therapeutc interventions n the treament of meoabouc
disease. In general, combining genetic evidence with tissue specific expression data, al
epiganeict poralion, allows for deniying Genes wilh ncreased probabily of Trionaroos
in disease biology.

Comparison of adipocytes derived from human white and brown adipose depots

reveals epigenetic alterations
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Figure 3: Epigenetic profiling of brown and white acipose(A) A primary human
brown adipocyte cell line derived from a neck BAT deposit was analyzed by EpiRead

and epigencic state was compared wih primary whie. adlpoqnes B) Regulatory
functon of DV locations was mapped fur ENGODE cosigne enharcor rogons.
(C) Protein functional dlass of identified DMRs was assessed by PantherDB
lassfication. (D, E) Represertative DVRs n e PPARGCa (encoding for PGCTa)
enhancer and UCP genormic regions are depicted.

Perturbation of adipose target gene induces catabolic metabolic program associated

with improved metabolic health
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Figure 6 Perturbation of identified adipose target drives transcriptional alerations assoclated with increased lipolysis and energy expenditure. (A) The role of
saocted candicatetarge genes in adpose tssue was expermentally evaluated inviro and in i by peturbing gene expression ueing sIRNAS and CRISPR gene knackout (B)

In i ifibfionof ferget gene rimary human HACAP adi

knockdown and CRISPR knockout resuited in ir

Xpression in pr ipocytes using orthogonal SIRNA increased expression
fure gones. () n vivo partirbaton of trget gone expresaon resuted in ores notossss adipose tissue expression of TCA cydle and electron Imnsport
chain gm, with selective increases in fatty acid metabolism genes as measured by RNAseq analysis. (F) RNAseq analysis of expression of Cpt1b, Cox8b and Acadm in

eWAT.




