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Background—Heart failure (HF) remains a global health burden and patients hospitalized are
particularly at-risk, but genetic associates for subsequent death or re-hospitalization are still
lacking.

Methods—The genetic sub-study of the Acute Study of Clinical Effectiveness of Nesiritide in
Decompensated Heart Failure (ASCEND-HF) trial was used to perform genome-wide association
study (GWAS) and trans-ethnic meta-analysis. The overall trial included the patients of self-
reported European ancestry (EA, N=2,173) and African ancestry (AA, N=507). The endpoint was
death or HF re-hospitalization within 180 days. Cox models adjusted for 11 a priori predictors

of re-hospitalization and 5 genetic principal components were used to test the association
between single nucleotide polymorphisms (SNP) and outcome. Summary statistics from the

two populations were combined via meta-analysis with the significance threshold considered
p<5x1078,

Results—Common variants (rs2342882 and rs35850039 in complete linkage disequilibrium)
located in FGD5 were significantly associated with the primary outcome in both ancestry

groups (for EA Hazard ratio [HR] =1.38, P=2.42x1076; AA HR =1.51, P=4.43x1073; HR in
meta-analysis =1.41, P=4.25x1078). FGD5encodes a regulator of VEGF-mediated angiogenesis
and /n-silico investigation revealed several previous GWAS *hits’ in this gene, among which
rs748431 was associated with our outcome (HR=1.20, meta £<0.01). Sensitivity analysis proved
FGD5 common variants survival association did not appear to operate via coronary artery disease
(CAD) or nesiritide treatment (P >0.05); and the signal was still significant when changing the
censoring time from 180 to 30 days (HR=1.39, P=1.59x1075).

Conclusions—In this multi-ethnic GWAS of ASCEND-HF, SNPs in FGD5 were associated
with increased risk of death or re-hospitalization. Additional investigation is required to examine
biological mechanisms and whether FGD5 could be a therapeutic target.

Registration—This was registered as NCT00475852 (https://clinicaltrials.gov/ct2/show/
NCT00475852).
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Introduction

Heart failure (HF) continues to be an enormous public health problem despite the many
advances in its treatment over the past 25 years. Acute decompensated HF (ADHF) in
particular is a critical issue due to its high mortality, re-hospitalization rates, astronomical
costs, and dearth of specific therapies. 12 Part of the difficulty which has hampered progress
in ADHF is that the patient population, response to therapies, and clinical outcomes in this
entity are highly heterogeneous; it is likely that exacerbated HF represents a wide variety of
underlying patient, disease, and treatment-response phenotypes. 32 A clearer concept of this
underlying variability may hold the key to improving outcomes in ADHF and identifying
new strategies for intervention. Investigation of genomic factors contributing to ADHF
outcomes could thus illuminate underlying pathobiology at work, allowing us to identify
patients with different natural histories or response to therapy, elucidate new pathways
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to target, or select patient sub-groups for whom existing therapies may be particularly
efficacious.

The Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart Failure
(ASCEND-HF) trial 59 has several characteristics that are advantageous in terms of
exploring these critical questions. This randomized clinical trial of nesiritide (recombinant
human b-type natriuretic peptide [BNP]) in hospitalized HF patients was the largest study of
ADHF performed to date, enrolling a diverse cohort of roughly 7,000 patients worldwide.
The patients in ASCEND-HF were well characterized in terms of comorbidities, symptoms,
and clinical outcomes. Nesiritide did not significantly affect the primary outcome, which
was re-hospitalization for HF or death within 30 days.? ASCEND-HF also conducted

a genetic sub-study which enrolled roughly 3000 subjects. This dataset is therefore well-
suited to evaluate whether there are important genetic factors that predict outcomes after
hospitalization with ADHF.10.11

Genome-wide association studies (GWAS) have been reported for many complex disorders,
including HF and other cardiovascular disease traits that are risk factors for HF.12 One
recent large-scale consortium identified 12 independent loci (e.g., LPA, ABOand BAG?3)
underlying the pathogenesis of all-cause HF.13 Despite this progress, little is known
regarding genetic influences on outcomes among those with established HF. A previous
study found that 5g22 variants influence HF mortality in a European population,10 but this
locus was only in chronic stable HF (as opposed to acutely exacerbated patients) and has
not yet been replicated in other cohorts to our knowledge. To date, no GWAS has analyzed
hospitalized HF patients or examined mortality and re-hospitalization among HF patients.

Therefore, in this study we performed a trans-ethnic GWAS to identify novel genetic
variants associated with death or re-hospitalization for ASCEND-HF participants, and tested
candidate associations of genes or loci identified in previous HF GWAS studies.

Methods

2.1 Parent Study, Patients, and Endpoints

The methods and results of the ASCEND-HF trial have been previously described.”-
Briefly, this multinational clinical trial of 7,141 patients hospitalized for HF randomized
participants to nesiritide or placebo. The primary endpoint was all-cause death or recurrent
hospitalization at 30 days in the original trial. However, outcome data from the trial was
gathered to at least 180 days. Therefore we chose the longer window to realize the clinical
value of observation over a longer period of time as well as to optimize power by including
more events. Of the overall study participants, 3,097 also gave written informed consent

to participate in the genetic sub-study. Patients were eligible to participate in the study

if: 1) they were hospitalized for HF occurring within 24 hours before they received their
first intravenous treatment for HF, or 2) they had received a diagnosis of ADHF less

than 48 hours after hospitalization for another cause and underwent randomization within
24 hours after intravenous treatment for HF. Key exclusion criteria were a high risk of
hypotension (systolic pressure <100 mm Hg or 110 mm Hg with the use of intravenous
nitroglycerin), other contraindications for vasodilators, treatment with dobutamine (at a dose
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=5 pg per kilogram of body weight per minute), treatment with milrinone or levosimendan
within the previous 30 days, persistent uncontrolled hypertension, acute coronary syndrome,
normal level of BNP or N-terminal pro-BNP, severe pulmonary disease, end-stage renal
disease during receipt of renal replacement therapy, and clinically significant anemia. The
current study (genetic analysis of ASCEND-HF sub-study) was approved by the Henry Ford
Hospital Institutional Review Board and conformed to the principles of the Declaration of
Helsinki. The individual genetic data underlying this article will not be shared due to lack of
authority by consent to share. GWAS summary statistics will be deposited into EBI GWAS
Catalog for free access.

2.2 DNA Samples and Genotyping

DNA samples were isolated from blood at the Cleveland Clinic genetics lab. These were
labeled with de-identified sample ID numbers (unrelated to study ID) and shipped to Henry
Ford Hospital where they underwent quantification, plating, and then genotyping. Whole
genome SNPs were genotyped using Axiom® Biobank Array (Affymetrix, Santa Clara,

CA, USA). We further imputed additional SNP genotypes using Minimac3 on Michigan
Imputation Server with 1000 Genomes Phase 3 (version 5) as reference panel.1* GWAS data
quality control was achieved using standard Affymetrix recommended pipeline implemented
by the University of Michigan Affymetrix core lab (Ann Arbor, MI, USA). Sample quality
assurance excluded samples with 1) missing genotyping rate > 10%, 2) outliers from
heterozygosity (i.e., Fst > or < 4 standard deviation from the mean), 3) elevated identity

by descent (IBD) relatedness (i.e., PI_HAT > 0.125), or 4) outlier from principal component
analysis (PCA) plotting (i.e., scatter plot using first and second PCs). SNP assay quality
checking excluded 1) minor allele frequency (MAF) < 0.05, 2) genotyping call rate < 95%,
3) Hardy-Weinberg equilibrium (HWE) p-value < 1x1078, or 4) imputation score < 0.5. A
total of 2,795 patients successfully underwent genome-wide (GW) genotyping. From these
a total of 2,680 subjects of European ancestry (EA, N=2,173) and African ancestry (AA,
N=507) based on participant self-report had analyzable data of high enough quality for
inclusion in the analytic cohort for this project. To show whether self-reported ancestry
matches with the genetic ancestry, we projected our samples into the principal component
maps of 3 reference populations (i.e., CEU, YRI, and CHB) from 1000 Genome project,
using a subset of ~4K common independent SNPs across different populations.1®

2.3 Statistical analysis

Test of difference for key variables (e.g., age, sex, event rate) in these two groups were
performed by independent student t-test, chi-square test, or log-rank test respectively,
depending on which data type it belongs to (i.e., continuous, categorical, or survival data).
The primary composite endpoint of all-cause death or re-hospitalization was modeled in
time-to-event fashion over the entire available follow up period (roughly 180 days). As
described previously, adjudicated data were used to identify the presence and timing of
endpoints. Covariates used in a previous survival analysis of the ASCEND-HF study16
were included in multivariable Cox proportional hazards models a priori. age, systolic
blood pressure (SBP), sodium, blood urea nitrogen (BUN), dyspnea at rest, elevated jugular
venous pressure (JVP) noted during qualifying HF event, history of depression treated
with medications, history of chronic respiratory disease, history of cerebrovascular disease,
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history of hospitalized status for HF within past year (each as yes/no), and creatinine.
Nesiritide vs placebo status was not included because treatment had no effect on the
endpoint, as previously reported.® Patients with missing record for any of these 11 variables
were excluded in this analysis. With the ‘survival’ R package, the relationship between

the primary endpoint and selected covariates was examined using Cox regression (‘coxph’
function), and the proportional hazards assumption was checked by a global test based on
the scaled Schoenfeld residual (‘cox.zph’ function).

2.4 GWAS and Meta-analysis for genetic variants

Population-specific GWAS was firstly conducted for ASCEND EA or AA patients
separately to identify common genetic variants as risk to HF survival. We used Cox
proportional hazards regression models (assocCoxPH function in R package “GWASTOoo0ls™)
to test associations of SNPs with the endpoint (i.e., time-to-death or re-hospitalization)

for EA or AA patients in ASCEND-HF trial.17 In addition to the 11 covariates described
above, we also included the top five PCs estimated from the SNP array to control for
population stratification. Then we combined the results from EA- and AA-GWAS by
trans-ethnic meta-analysis. To estimate overall effect across the two cohorts, summary
statistics (p-values, sample size, beta estimate, and standard error) from both groups were
combined using a fixed-effect model in METAL8 and a random-effect model (Han and
Eskin’s) in MetaSoft.19 A variant was considered replicated if its association p-value

was <0.05; variants with p<5x1078 in the meta-analysis were considered to meet GWAS
significance. A list of previously reported GWAS hits for HF phenotypes (onset, incidence,
or mortality)10:13.20 in GWAS Catalog (retrieved on May 01 2021) were also interrogated.?!
To better present GWAS result, we generated Quantile-quantile (QQ) plot, Manhattan plot,
regional plot, and linkage disequilibrium (LD) block plot using self-written R script, python
package “region-plot”22 or online tool LocusZoom,23 and Haploview v4.2 software.24

2.5 Bioinformatics annotation and post-GWAS analyses

Firstly, for genetic variants residing in the significant loci, we queried against public
databases for their functional annotation. These includes GWAS Catalog,?! eQTL
Catalogue (consisting of expression quantitative trait locus [eQTL] from Genotype-

Tissue Expression [ GTex) and other public datasets),2>26regulation databases (HaploReg
and RegulomeDB)27:28 and Phenome-wide association study (PheWAS) databases via
OpenGWAS project (variant level) 29 and GWAS ATLAS (gene level)30 for other pertinent
associations or possible mechanisms of action. Biological pathway and interaction network
of functional genes were constructed by GeneCards3! or GeneMANIA.32 In addition, a few
secondary post-GWAS analyses were used in combination to explain our GWAS signals.
This included methods to speculate the molecular mechanism (e.g., eQTL identification and
their colocalization with GWAS locus, fine-mapping of the causal variant via a Bayesian
approach, and identification of associated genes or pathways); the detailed protocol for each
analysis is provided in the Supplementary methods.

2.6 Additional analyses for FGD5 locus

To check the independence of FGD5 common variants’ effect on death or re-hospitalization,
we also performed several sensitivity analyses to evaluate potential mediation or interaction
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by history of coronary artery disease (CAD; yes/no) or treatment arm (nesiritide or placebo).
For conditional analysis, we added CAD or treatment arm as one additional covariate to the
base model above. For the interaction analysis, we further added to that model an interaction
term (CAD*SNP or treatment*SNP). The summary statistics for main effect of SNP and

the interaction effect of SNP*CAD or SNP*treatment were used to determine whether

there was evidence for any dependence of FGD5 effects on CAD history or treatment

arm. To visualize the impact of the locus on outcome Kaplan-Meier (KM) survival curves
were generated for ASCEND-HF patients stratified by rs2342882 genotypes (T/T, T/G,

and G/G) and the difference in survival hazard by three genotype groups was tested by

the log-rank test in R. Lastly, we also examined whether the censoring time window (30
days versus 180 days) affect the impact of FGD5 common SNPs on HF survival (death or
re-hospitalization). The same model and covariates were included when testing for 30-days
survival. The Bonferroni method was used to correct for multiple testing (in total 36 tests) in
the additional analyses.

3. Results

In total 2,680 acute HF patients were included in this analysis (2,173 EA and 507 AA). As
shown in Table 1, there were 618 endpoint events (death or re-hospitalization), including
502 (23%) in the EA group and 116 (23%) in the AA group (P >0.05, log-rank test for
hazard difference between two populations). As expected, many variables (i.e., age, sex,
BMI, SBP, creatinine, ejection fraction, history of myocardial infarction (MI) or CAD,
history of atrial fibrillation, and history of hypertension) were statistically different across
self-identified race (£ <0.001, Table 1). Cox model fitting of primary endpoint for the
prespecified 11 covariates (from ASCEND-HF rehospitalization score) are included in
Supplementary material online, Table S1. The global test supported the proportional hazard
assumption in both EA and AA group (£ > 0.05). In addition, principal component maps
of our sample and 1000 Genome reference populations together showed their self-reported
ancestry matches well with the genetic ancestry (Supplementary material online, Figure S1).

No genomic inflation was observed from the QQ plots for population specific GWAS

or overall meta-analysis (Supplementary material online, Figure S2). Two loci reaching
GWAS significance were identified for AA (18922.1) or meta-analysis (3p25.1), as shown
in Manhattan plot (Supplementary material online, Figure S3) and Table 2. In addition,
another locus (5q21.3) was suggestively significant (P <1x10~%) with moderate signal in
both EA and AA population, but meta-analysis of its strongest SNP (rs293652, in an
intergenic region) did not meet the predetermine genome-wide significance threshold (fixed-
effect P=7.40 x1078; HR=1.46; 95% confidence interval [CI] 1.27-1.67). The AA-GWAS
signal on chromosome 18 was not replicated in EA population (~>0.05) and did not pass
heterogeneity test. As a comparison, the signal on chromosome 3 was supported by both
populations (fixed-effect P=4.25x1078 HR=1.41, 95% CI 1.24-1.59), and the lead SNP
rs2342882 is located in an intron of FGDS5, a protein-coding gene that is a possible regulator
of VEGF-mediated angiogenesis. Figure 1 displays KM curves for the total cohort divided
by genotype at rs2342882, revealing that worse survival is associated with the G allele
(log-rank p value 0.00003).
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Among 14 GWAS hits reported previously for related HF phenotypes (e.g. survival), we
found two SNPs (rs660240 from CELSRZ, and rs1556516 from CDKNZB-ASI) that were
associated with death or HF re-hospitalization, at nominal significance in EA, AA or

their combination (Supplementary material online Table S2). However, in our study neither
rs660240 nor rs1556516 was more significantly associated with the primary endpoint than
the FGD5 common variants.

We performed additional investigation (in silico and experimental) to characterize possible
genetic mechanisms of rs2342882 and the 3p25.1 locus. Figure 2 shows a detailed view of
this locus using overall ASCEND-HF genetic data, while Figure S4 (Supplementary online
material) gives locus-zoom plots from ASCEND-HF EA and AA samples, respectively.
Five common SNPs located in FGD5 introns had £<0.001 in discovery and clustered

into two LD blocks in both EA and AA (though the correlation between block 1 and

block 2 is stronger in EA than in AA; Figure 3A and Figure 3B). Table 3 provides
predicted annotation of these FGD5 common variants from public databases. Bayesian
fine mapping supported rs2342882 and rs35850039 as the most likely causal SNPs in

this locus (posterior probability >0.5; Supplementary material online, Table S3). While
rs2342882 and rs35850039 are not reported in previous GWAS (i.e., according to records
in GWAS Catalog retrieved at May 01 2023) and their roles in regulation are ranked

as category 5 in RegulomeDB (i.e., minimal evidence for transcription factor binding or
DNase peak), they were significant as eQTLs for FGD5 in fat tissue and for mitochondrial
ribosomal protein S25 (MRPS25) in monocytes (from the eQTL Catalogue; Supplementary
material online, Table S4). Two other SNPs in the locus, rs748431 (P=6.58x1074 [EA],
P=0.71 [AA], meta-analysis HR=1.20 and P=3.34x1073) and rs34991912 (P= 6.28x10~4
[EA], £=0.43 [AA], meta-analysis HR=1.18 and £=5.91x1073) are reported in previous
GWAS for CAD,33:34 are also significant as eQTLs for FGD5 (skin tissue) and MRPS25
(atrial appendage), and are rated category 4 by RegulomeDB (Table 3). Integration of our
meta-analysis data and public eQTL data (Supplementary material online, Table S5, Figure
S5-8) showed this GWAS locus has potential colocalization with eQTL signals for FGD5
expression in fat tissue, and eQTL signals for MRPS25 expression in monocyte cell infected
by influenza A virus (IAV). On the other hand, our own experiments in whole blood RNA
sequencing (RNA-seq) from 87 chronic heart failure patients showed none of the candidate
SNPs affected expression of their nearby (£ 1Mb) genes (Supplementary material online,
Table S6) and multi-marker analysis (i.e., MAGMA) in FUMA identified no significant
gene-sets (false discovery rate [FDR] >0.05; Supplementary material online, Table S7). For
completeness we also annotated the top four replicated SNPs from other GWAS hits in
5g21.3 region (Supplementary material online, Table S8), and these did not seem to have
potential genetic functional impact similar to that of the FGD5 locus.

We also examined which phenotypes have been reported (PheWAS queries) of the FGD5
candidate SNPs (Supplementary material online, Table S9), which indicated that rs2345882
may moderately affect cholesterol in large high-density lipoproteins (HDL) particles, and
that rs748431 may affect multiple cardiovascular phenotypes (e.g., blood pressure and
CAD) and that rs2345882 may moderately affect cholesterol (high-density lipoproteins
particles). Examining the entire gene, GWAS signals from FGD5 were mostly observed

in blood pressure phenotypes (e.g., systolic blood pressure, diastolic blood pressure, and
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hypertension) and appeared highly enriched in the cardiovascular domain (Supplemental
Table S10). At gene network level (Supplementary material online, Figure S9), FGD5

was predicted with strong inter-connection with a few vascular endothelial growth factors
(VEGFA, VEGFD, and VEGFC) and their receptors (KDR and FLT4). In summary, a wide
range of supporting data revealed multiple types of evidence indicating a possible functional
impact of these genetic variants on gene and protein function, that they are associated with
multiple cardiovascular phenotypes relevant to HF (particularly including blood pressure)
and that it most likely is operating via VEGF related pathways.

We further performed multiple sensitivity analyses. Since FGD5 has GWAS hits for CAD
we examined whether there was evidence for mediation or interaction of the SNP outcome
association with history of CAD. We also tested whether treatment arm had any influence
on the association of FGD5common SNPs with the primary endpoint. We also test whether
its effect changed when shortening the follow-up time from 180 to 30 days. We used
rs23422882 as index for LD block 1, and rs784431 as index for LD block 2 and retested

the association with death or re-hospitalization in Cox models. Results are summarized in
Table 4. The conditional analyses on CAD or treatment arm did not significantly alter the
association of rs23422882 (both Meta P <5x1078) or rs784431 (both Meta £ <0.01) with
our primary outcome. In addition, no interaction effects (for SNP*CAD, or SNP*nesiritide)
were statistically significant in any group after multiple testing corrections (all #>0.001),
though CAD interaction in meta-analysis was closest with A= 0.035, or 0.0596, respectively
for two candidate SNPs. The effect of both SNPs on 30-days survival phenotype were both
moderately significant (P<0.0001 for rs2342882 and £ <0.05 for rs748431). Taken together
this suggests the genetic effect of FGD5common SNPs on clinical outcomes in acute HF
patients is independent of both CAD history and ASCEND-HF treatment arm, and its effect
is stable from 30 days to 180 days.

4. Discussion

The experiments described here attempted to better define the genetic underpinnings of HF
death or re-hospitalization after HF exacerbation, with the goal of identifying novel genes
or pathways critical to progression or exacerbation of HF in this setting. Our multi-ancestry
GWAS identified two regions with signals shared across two ethnic groups tested, including
one (3p25.1) that reached the genome-wide significance threshold in meta-analysis. Further
analysis and functional annotations pointed towards the FGD5 gene as a likely candidate.
This is the first GWAS of acute decompensated HF that we are aware of, and one of

few HF genetic studies to focus on death or re-hospitalization as the primary composite
endpoint. FGD5 as a susceptibility gene for worsening HF is plausible given its role in
cardiac development and growth factor pathways for angiogenesis.

FGD5 (FYVE, RhoGEF and PH Domain Containing 5) is a protein-coding gene that may

regulate proangiogenic action of VEGF in vascular endothelial cells.3> Multiple biological
studies have linked its role to vascular function in human or mice,36:37 and the function of

this protein family was summarized recently.38 Several published GWAS provide evidence
of FGD5involvement in at least 12 different traits or diseases, with most SNP associations
in cardiovascular diseases (i.e., blood pressure, CAD, hypertension). A common variant
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(rs748431) and a rare loss-of-function mutation (Glu322*) were recently reported to be
important risk factors for CAD or pediatric heart disease, respectively.33:39 Interestingly,
even after adjusting for the influence CAD, we still found evidence for moderate impact

of rs748431 on death or re-hospitalization in ASCEND-HF and there was no significant
interaction with CAD. Moreover, two of the SNPs of interest in FGD5 (rs2342882 and
rs35850039) were not found to be associated in the previously noted in the previous GWASs
of CAD,33:34 and did not appear in GWAS Catalog searches of May 01 2020).21 Both
Bayesian fine-mapping and SNP-level PheWAS analysis also supported the different roles of
rs2342882 from rs748431. Together these data possibly suggest a distinct genetic association
of FGD5 for HF compared to CAD. Furthermore, our eQTL and colocalization analyses
provided additional insights of FGD5 locus and its possible impact in HF.

Given known interaction of FGD5 with the VEGF and their receptors (e.g., VEGFA-
VEGFR?2 signaling),36-40:41 it is tempting to speculate that are acting via altered expression/
activity of FGD5 in endothelial cells and thus affecting vascular function (which is known to
be important in HF) via the VEGF pathway.#2 Unfortunately there is no public eQTL data
available in vascular endothelial cells, but our findings of eQTL and GWAS colocalization
for the SNPs of interest on FGD5 expression in fat and skin tissues indicate a possible link
of this locus to FGD5 expression, perhaps indicating that this is a generalized effect and
thus includes vascular endothelial cells or perhaps act via fat tissue specifically given the
emerging role of obesity in HF.43 Interestingly, another recent study suggested importance
of FGD6 regulatory variants on VEGFC function in human endothelial cells.** On the other
hand, the association of the FGD5 locus with MPRS25 expression in atrial tissue (and

also in monocytes) could suggest a different mechanism perhaps via myocardial energetics.
While intriguing, all this remains speculation until more direct evidence in relevant tissue is
available.

From a clinical and pathophysiological perspective, the above discussion translates fairly
directly into possible mechanisms for FGD5 acting on several known aspects of acute

HF pathophysiology.#® As already noted above, endothelial function is known to impact
HF, including in the decompensated setting. More broadly, blood pressure may be key,
perhaps through endothelial function (it is long known that VEGF activity is important in
endothelium-mediated vasorelaxation)#® but also possibly due to fluid shifts or perhaps via
neovascularization. It is also well established that medications targeting the VEGF pathway
for the purpose of cancer treatment are considered anti-angiogenic and have a significant
rate of inducing hypertension and even HF.47:48 Moreover, recent work has reinforced the
importance of this relationship in the setting of decompensated HF. For example, in one
study of over 1000 hospitalized HF patients, lower soluble VEGF receptor levels in plasma
were independently associated with higher risk of cardiovascular death. Even more recently
was a parallel finding for lower VEGF signaling (in this case lower plasma VEGF-C levels)
being associated with greater fluid retention and worse post-discharge clinical outcomes

in 237 patients hospitalized for decompensated HF.4° While speculative, our data and

the existing publications suggest that perhaps alterations in FGD5 function may influence
VEGF pathway activity in the setting of acute HF, and that impaired VEGF signaling causes
elevations in blood pressure and worse endothelial function, both obviously adverse in a
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decompensated HF setting. Further interrogation of the role of FGD5 in the setting of HF as
well as the links to VEGF pathway and pathophysiology of acute HF is still needed.

We did not find support for the previous GWAS “hit’ reported for chronic HF mortality
(5g22).10 This could be due to differences in the patient and disease phenotype investigated
(exacerbated HF vs. stable HFrEF), differences in the endpoint selected (mortality vs.
composite of mortality and HF hospitalization) or insufficient power. We modeled time to
death or re-hospitalization because we felt this phenotype was clinically most relevant for

a hospitalized HF cohort and most consistent with the parent study design, which had a
primary endpoint of death or re-hospitalization. In contrast, the previously published GWAS
focused on all-cause mortality, an endpoint that the current study was underpowered to
evaluate. The difference of genetic findings between our study (3p25.1 and FGD5) and
Smith et al (5022 and SLC25A46) may also indicate the heterogenous nature of HF; and the
gene-level PheWAS results (related to GWAS signals) highlighted different disease domains
for FGD5 (cardiovascular) compared to SLC25A46 (respiratory, Supplemental Table S10).
Coincidently, our meta-analysis identified a second peak on 521 that nearly reached the
genome-wide significance threshold. Nevertheless, it is still far from 5922 locus and the
included SNPs are not in any degree of LD with the 5922 reported SNP (i.e., rs9885413). On
the other hand, we did find two loci (in CELSR2and CDKNZB-ASI) that were previously
published as susceptibility genes for incident HF 13 which were associated with death or
re-hospitalization in our study. Given the heterogeneity of HF phenotypes, there is a likely
a need to study incident, prevalent and exacerbated HF separately,® and genetic risk scores
for these related phenotypes (e.g., onset and survival) could help understand shared genetic
architecture and potentially improve risk stratification or sub-setting of HF phenotypes.>!

There are some limitations of our study worth noting. First, as noted above, our

study is insufficiently powered for mortality alone. However, the composite of death

or rehospitalization for HF is a widely accepted clinical endpoint, and despite being a
composite outcome is likely to help identify disease specific genetic associations that could
be missed by analysis of all-cause mortality alone. While external validation would be ideal,
we are not aware of any similar acute HF studies with genome-wide data against which we
could perform validation. If anything, use of patient samples from different ancestry groups
would have biased our analysis towards the null because of differences in LD structure; as
a result, we may not have identified all existing genetic associations, and external validation
of FGD5’sassociation with HF mortality is important. Second, while we can hypothesize
regarding the mechanism of potential impact using previous literature, /n silico prediction,
or resources regarding FGD5, our study does not directly add to mechanistic understanding.
However, our post-GWAS annotations leveraging accumulated biological knowledge to
prioritize functional genes layered on top of known genetic data may be more powerful
than association testing alone in defining the salient genes and/or pathways to be validated
in vitro or in vivo. Another way potentially forward is to explore intermediate endpoints
such as blood pressure, urine output, or symptom severity,12 which may have greater power
to detect differences and help to understand intermediate steps in the pathophysiology.
Ultimately, additional translational investigation is needed to fully illuminate mechanisms
and identify potential novel interventions for HF.
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In conclusion, we have performed unbiased genomic analyses of ASCEND-HF trial

and identified common variants in FGD5 associated with increased risk of death or
hospitalization. The findings regarding FGD5 in this study are corroborated by previous
GWAS reports and functional annotation, together providing reasonably strong evidence of
its relevance to cardiac function and progression of HF.
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Acknowledgements

Funding

We thank all the participants in ASCEND-HF trial genetic substudy for their consent and contribution to our
scientific research.

This study was funded by a research grant from Janssen. HG is supported by Henry Ford Hospital Mentored
Scientist grant. DEL effort is supported by NIH grants (P50MD017351 and RO1HL132154). JAL effort is
supported by NIH grants (KO8HL146990 and L30HL110279) and a Futures Grant from the American College
of Clinical Pharmacy. LKW effort is supported by NIH grants (RO1 HL118627, RO1HL 141845, RO1A1079139,
R01DK064695, and R01DK113003). CDM effort is supported by NIH grants (R21HL140381) and the VA
Tennessee Valley Healthcare System Geriatric Research Education Clinical Center and Office of Rural Health
(ORH-10808).

Abbreviations

ADHF Acute decompensated heart failure

ASCEND-HF Acute Study of Clinical Effectiveness of Nesiritide in
Decompensated Heart Failure

SNP single nucleotide polymorphism

HR hazard ratio

EA European Americans

AA African Americans

LD linkage disequilibrium

CAD coronary artery disease

GWAS genome-wide association studies

eQTL expression quantitative trait locus

PheWAS Phenome-wide association studies
References

1. Yancy CW, Jessup M, Bozkurt B, Butler J, Casey DE, Colvin MM, Drazner MH, Filippatos G,
Fonarow GC, Givertz MM, et al. 2016 ACC/AHA/HFSA Focused Update on New Pharmacological
Therapy for Heart Failure: An Update of the 2013 ACCF/AHA Guideline for the Management of

Circ Heart Fail. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gui et al.

10

11.

12.

13.

Page 12

Heart Failure A Report of the American College of Cardiology/American Heart Association Task
Force on Clinical Practice Guidelines and the Heart Failure Society of America. Journal of Cardiac
Failure 2016;22:659-669. doi: 10.1016/j.cardfail.2016.07.001 [PubMed: 27394189]

. Benjamin EJ, Blaha MJ, Chiuve SE, Cushman M, Das SR, Deo R, de Ferranti SD,

Floyd J, Fornage M, Gillespie C, et al. Heart Disease and Stroke Statistics-2017 Update: A
Report From the American Heart Association. Circulation 2017;135:e146—e603. doi: 10.1161/
CIR.0000000000000485 [PubMed: 28122885]

. Gheorghiade M, Pang PS, Ambrosy AP, Lan G, Schmidt P, Filippatos G, Konstam M, Swedberg

K, Cook T, Traver B, et al. A comprehensive, longitudinal description of the in-hospital and
post-discharge clinical, laboratory, and neurohormonal course of patients with heart failure who
die or are re-hospitalized within 90 days: analysis from the EVEREST trial. Heart Fail Rev
2012;17(3):485-509. doi: 10.1007/s10741-011-9280-0 [PubMed: 21932146]

. Gheorghiade M, Peterson ED. Improving postdischarge outcomes in patients hospitalized for

acute heart failure syndromes. Jama 2011;305:2456-2457. doi: 10.1001/jama.2011.836 [PubMed:
21673297]

. Gheorghiade M, Pang PS. Acute heart failure syndromes. J Am Coll Cardiol 2009;53:557-573. doi:

10.1016/j.jacc.2008.10.041. [PubMed: 19215829]

. Ezekowitz JA, Hernandez AF, O’Connor CM, Starling RC, Proulx G, Weiss MH, Bakal JA, Califf

RM, McMurray JJ, Armstrong PW. Assessment of dyspnea in acute decompensated heart failure:
insights from ASCEND-HF (Acute Study of Clinical Effectiveness of Nesiritide in Decompensated
Heart Failure) on the contributions of peak expiratory flow. J Am Coll Cardiol 2012;59:1441-1448.
doi: 10.1016/j.jacc.2011.11.061 [PubMed: 22497823]

. Hernandez AF, O’Connor CM, Starling RC, Reist CJ, Armstrong PW, Dickstein K, Lorenz TJ,

Gibler WB, Hasselblad V, Komajda M, et al. Rationale and design of the Acute Study of Clinical
Effectiveness of Nesiritide in Decompensated Heart Failure Trial (ASCEND-HF). Am Heart J
2009;157:271-277. doi: 10.1016/j.ahj.2008.07.031 [PubMed: 19185633]

. Ezekowitz JA, Hernandez AF, Starling RC, Yancy CW, Massie B, Hill JA, Krum H, Diaz R,

Ponikowski P, Metra M, et al. Standardizing care for acute decompensated heart failure in a large
megatrial: the approach for the Acute Studies of Clinical Effectiveness of Nesiritide in Subjects
with Decompensated Heart Failure (ASCEND-HF). Am Heart J 2009;157:219-228. doi: 10.1016/
j.ahj.2008.10.002 [PubMed: 19185628]

. O’Connor CM, Starling RC, Hernandez AF, Armstrong PW, Dickstein K, Hasselblad V, Heizer

GM, Komajda M, Massie BM, McMurray JJ, et al. Effect of nesiritide in patients with acute
decompensated heart failure. N Engl J Med 2011;365:32-43. doi: 10.1056/NEJM0a1100171
[PubMed: 21732835]

. Smith JG, Felix JF, Morrison AC, Kalogeropoulos A, Trompet S, Wilk JB, Gidlof O, Wang

X, Morley M, Mendelson M, et al. Discovery of Genetic Variation on Chromosome 5¢22
Associated with Mortality in Heart Failure. PLoS Genet 2016;12:e1006034. doi: 10.1371/
journal.pgen.1006034 [PubMed: 27149122]

Esslinger U, Garnier S, Korniat A, Proust C, Kararigas G, Muller-Nurasyid M, Empana JP, Morley
MP, Perret C,tark K, et al. Exome-wide association study reveals novel susceptibility genes to
sporadic dilated cardiomyopathy. PloS one 2017;12:e0172995. doi: 10.1371/journal.pone.0172995
[PubMed: 28296976]

van der Ende MY, Said MA, van Veldhuisen DJ, Verweij N, van der Harst P. Genome-wide
studies of heart failure and endophenotypes: lessons learned and future directions. Cardiovasc Res
2018;114:1209-1225. doi: 10.1093/cvr/cvy083 [PubMed: 29912321]

Shah S, Henry A, Roselli C, Lin H, Sveinbjornsson G, Fatemifar G, Hedman AK, Wilk JB,
Morley MP, Chaffin MD, et al. Genome-wide association and Mendelian randomisation analysis
provide insights into the pathogenesis of heart failure. Nat Commun 2020;11:163. doi: 10.1038/
s41467-019-13690-5 [PubMed: 31919418]

14. Das S, Forer L, Schonherr S, Sidore C, Locke AE, Kwong A, Vrieze SI, Chew EY, Levy S, McGue

15.

M, et al. Next-generation genotype imputation service and methods. Nat Genet 2016;48:1284—
1287. doi: 10.1038/ng.3656 [PubMed: 27571263]

International League Against Epilepsy Consortium on Complex Epilepsies. Electronic address
e-auea. Genetic determinants of common epilepsies: a meta-analysis of genome-wide association

Circ Heart Fail. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gui et al.

Page 13

studies. Lancet Neurol 2014;13:893-903. doi: 10.1016/S1474-4422(14)70171-1 [PubMed:
25087078]

16. Khazanie P, Heizer GM, Hasselblad V, Armstrong PW, Califf RM, Ezekowitz J, Dickstein K,
Levy WC, McMurray JJ, Metra M, et al. Predictors of clinical outcomes in acute decompensated
heart failure: Acute Study of Clinical Effectiveness of Nesiritide in Decompensated Heart
Failure outcome models. Am Heart J 2015;170:290-297. doi: 10.1016/j.ahj.2015.04.006 [PubMed:
26299226]

17. Gogarten SM, Bhangale T, Conomos MP, Laurie CA, McHugh CP, Painter I, Zheng X, Crosslin
DR, Levine D, Lumley T, et al. GWASTools: an R/Bioconductor package for quality control and
analysis of genome-wide association studies. Bioinformatics 2012;28:3329-3331. doi: 10.1093/
bioinformatics/bts610 [PubMed: 23052040]

18. Willer CJ, Li Y, Abecasis GR. METAL: fast and efficient meta-analysis of genomewide association
scans. Bioinformatics 2010;26:2190-2191. doi: 10.1093/bioinformatics/btq340 btq340 [PubMed:
20616382]

19. Han B, Eskin E. Random-effects model aimed at discovering associations in meta-analysis
of genome-wide association studies. Am J Hum Genet 2011;88:586-598. doi: 10.1016/
j.ajhg.2011.04.014 [PubMed: 21565292]

20. Smith NL, Felix JF, Morrison AC, Demissie S, Glazer NL, Loehr LR, Cupples LA, Dehghan
A, Lumley T, Rosamond WD, et al. Association of genome-wide variation with the risk of
incident heart failure in adults of European and African ancestry: a prospective meta-analysis
from the cohorts for heart and aging research in genomic epidemiology (CHARGE) consortium.
Circ Cardiovasc Genet 2010;3:256-266. doi: 10.1161/CIRCGENETICS.109.895763 [PubMed:
20445134]

21. Buniello A, MacArthur JAL, Cerezo M, Harris LW, Hayhurst J, Malangone C, McMahon
A, Morales J, Mountjoy E, Sollis E, et al. The NHGRI-EBI GWAS Catalog of published
genome-wide association studies, targeted arrays and summary statistics 2019. Nucleic Acids Res
2019;47:D1005-D1012. doi: 10.1093/nar/gky1120 [PubMed: 30445434]

22. Tardif JC, Rheaume E, Lemieux Perreault LP, Gregoire JC, Feroz Zada Y, Asselin G,

Provost S, Barhdadi A, Rhainds D, L’Allier PL, et al. Pharmacogenomic determinants of
the cardiovascular effects of dalcetrapib. Circ Cardiovasc Genet 2015;8:372—-382. doi: 10.1161/
CIRCGENETICS.114.000663 [PubMed: 25583994]

23. Pruim RJ, Welch RP, Sanna S, Teslovich TM, Chines PS, Gliedt TP, Boehnke M, Abecasis
GR, Willer CJ. LocusZoom: regional visualization of genome-wide association scan results.
Bioinformatics 2010;26:2336-2337. doi: 10.1093/bioinformatics/btq419 [PubMed: 20634204]

24. Barrett JC, Fry B, Maller J, Daly MJ. Haploview: analysis and visualization of LD and haplotype
maps. Bioinformatics 2005;21:263-265. doi: 10.1093/bioinformatics/bth457 [PubMed: 15297300]

25. Consortium GT. The Genotype-Tissue Expression (GTEX) project. Nat Genet 2013;45:580-585.
doi: 10.1038/ng.2653 [PubMed: 23715323]

26. Kerimov N, Hayhurst JD, Peikova K, Manning JR, Walter P, Kolberg L, Samovica M,
Sakthivel MP, Kuzmin I, Trevanion SJ, et al. eQTL Catalogue: a compendium of uniformly
processed human gene expression and splicing QTLs. bioRxiv. 2021:2020.2001.2029.924266 doi:
10.1101/2020.01.29.924266

27. Ward LD, Kellis M. HaploReg: a resource for exploring chromatin states, conservation, and
regulatory motif alterations within sets of genetically linked variants. Nucleic Acids Res
2012;40:D930-934. doi: 10.1093/nar/gkr917 [PubMed: 22064851]

28. Boyle AP, Hong EL, Hariharan M, Cheng Y, Schaub MA, Kasowski M, Karczewski KJ,
Park J, Hitz BC, Weng S, et al. Annotation of functional variation in personal genomes
using RegulomeDB. Genome Res 2012;22:1790-1797. doi: 10.1101/gr.137323.112 [PubMed:
22955989]

29. Elsworth B, Lyon M, Alexander T, Liu Y, Matthews P, Hallett J, Bates P, Palmer T,
Haberland V, Smith GD, et al. The MRC IEU OpenGWAS data infrastructure. bioRxiv.
2020:2020.2008.2010.244293 doi: 10.1101/2020.08.10.244293

30. Watanabe K, Stringer S, Frei O, Umicevic Mirkov M, de Leeuw C, Polderman TJC, van der
Sluis S, Andreassen OA, Neale BM, Posthuma D. A global overview of pleiotropy and genetic

Circ Heart Fail. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gui et al.

Page 14

architecture in complex traits. Nat Genet 2019;51:1339-1348. doi: 10.1038/s41588-019-0481-0
[PubMed: 31427789]

31. Stelzer G, Rosen N, Plaschkes I, Zimmerman S, Twik M, Fishilevich S, Stein TI, Nudel R, Lieder
I, Mazor Y, et al. The GeneCards Suite: From Gene Data Mining to Disease Genome Sequence
Analyses. Curr Protoc Bioinformatics 2016;54:1 30 31-31 30 33. doi: 10.1002/cpbi.5

32. Warde-Farley D, Donaldson SL, Comes O, Zuberi K, Badrawi R, Chao P, Franz M, Grouios
C, Kazi F, Lopes CT, et al. The GeneMANIA prediction server: biological network integration
for gene prioritization and predicting gene function. Nucleic Acids Res 2010;38:W214-220. doi:
10.1093/nar/gkqg537 [PubMed: 20576703]

33. Klarin D, Zhu QM, Emdin CA, Chaffin M, Horner S, McMillan BJ, Leed A, Weale ME, Spencer
CCA, Aguet F, et al. Genetic analysis in UK Biobank links insulin resistance and transendothelial
migration pathways to coronary artery disease. Nat Genet 2017;49:1392-1397. doi: 10.1038/
ng.3914 [PubMed: 28714974]

34. van der Harst P, Verweij N. Identification of 64 Novel Genetic Loci Provides an Expanded View on
the Genetic Architecture of Coronary Artery Disease. Circ Res 2018;122:433-443. doi: 10.1161/
CIRCRESAHA.117.312086 [PubMed: 29212778]

35. Kurogane Y, Miyata M, Kubo Y, Nagamatsu Y, Kundu RK, Uemura A, Ishida T, Quertermous T,
Hirata K, Rikitake Y. FGD5 mediates proangiogenic action of vascular endothelial growth factor in
human vascular endothelial cells. Arterioscler Thromb Vasc Biol 2012;32:988-996. doi: 10.1161/
ATVBAHA.111.244004 [PubMed: 22328776]

36. Farhan MA, Azad AK, Touret N, Murray AG. FGD5 Regulates VEGF Receptor-2 Coupling to P13
Kinase and Receptor Recycling. Arterioscler Thromb Vasc Biol 2017;37:2301-2310. doi: 10.1161/
ATVBAHA.117.309978 [PubMed: 29051140]

37. Cheng C, Haasdijk R, Tempel D, van de Kamp EH, Herpers R, Bos F, Den Dekker WK,

Blonden LA, de Jong R, Burgisser PE, et al. Endothelial cell-specific FGD5 involvement in
vascular pruning defines neovessel fate in mice. Circulation 2012;125:3142-3158. doi: 10.1161/
CIRCULATIONAHA.111.064030 [PubMed: 22661514]

38. Eitzen G, Smithers CC, Murray AG, Overduin M. Structure and function of the Fgd family
of divergent FYVE domain proteins (1). Biochem Cell Biol 2019;97:257-264. doi: 10.1139/
bcb-2018-0185 [PubMed: 30308128]

39. Reuter MS, Chaturvedi RR, Liston E, Manshaei R, Aul RB, Bowdin S, Cohn I, Curtis M,
Dhir P, Hayeems RZ, et al. The Cardiac Genome Clinic: implementing genome sequencing
in pediatric heart disease. Genet Med 2020;22(6):1015-1024. doi: 10.1038/s41436-020-0757-X
[PubMed: 32037394]

40. Simons M, Gordon E, Claesson-Welsh L. Mechanisms and regulation of endothelial VEGF
receptor signalling. Nat Rev Mol Cell Biol 2016;17:611-625. doi: 10.1038/nrm.2016.87 [PubMed:
27461391]

41. Heldin J, O’Callaghan P, Hernandez Vera R, Fuchs PF, Gerwins P, Kreuger J. FGD5
sustains vascular endothelial growth factor A (VEGFA) signaling through inhibition of
proteasome-mediated VEGF receptor 2 degradation. Cell Signal 2017;40:125-132. doi: 10.1016/
j.cellsig.2017.09.009 [PubMed: 28927665]

42. Giannitsi S, Bougiakli M, Bechlioulis A, Naka K. Endothelial dysfunction and heart failure: A
review of the existing bibliography with emphasis on flow mediated dilation. JRSM Cardiovasc
Dis 2019;8:2048004019843047. doi: 10.1177/2048004019843047 [PubMed: 31007907]

43. Kitzman DW, Nicklas BJ. Pivotal Role of Excess Intra-Abdominal Adipose in the Pathogenesis
of Metabolic/Obese HFpEF. JACC Heart Fail 2018;6:1008-1010. doi: 10.1016/j.jchf.2018.08.007
[PubMed: 30316933]

44. Stolze LK, Conklin AC, Whalen MB, Lopez Rodriguez M, Ounap K, Selvarajan I, Toropainen
A, Ord T, Li J, Eshghi A, et al. Systems Genetics in Human Endothelial Cells Identifies Non-
coding Variants Modifying Enhancers, Expression, and Complex Disease Traits. Am J Hum Genet
2020;106:748-763. doi: 10.1016/j.ajhg.2020.04.008 [PubMed: 32442411]

45. Njoroge JN, Teerlink JR. Pathophysiology and Therapeutic Approaches to Acute Decompensated
Heart Failure. Circ Res 2021;128:1468-1486. doi: 10.1161/CIRCRESAHA.121.318186 [PubMed:
33983837]

Circ Heart Fail. Author manuscript; available in PMC 2024 September 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Gui et al.

46.

47.

48.

49.

50.

5L

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Page 15

Ku DD, Zaleski JK, Liu S, Brock TA. Vascular endothelial growth factor induces EDRF-
dependent relaxation in coronary arteries. Am J Physiol 1993;265:H586-592. doi: 10.1152/
ajpheart.1993.265.2.H586 [PubMed: 8368362]

Tunesi F, Simonini M, Sabetta G, Bergamini A, Cioffi R, Raiabiotti E, Manunta P, Vezzoli

G, Mangili G, Lanzani CL. [Anti-angiogenic drugs and hypertension: from multidisciplinary
collaboration to greater care]. G Ital Nefrol 2022;39(6):2022-vol6.

Mercurio V, Pirozzi F, Lazzarini E, Marone G, Rizzo P, Agnetti G, Tocchetti CG, Ghigo A,
Ameri P. Models of Heart Failure Based on the Cardiotoxicity of Anticancer Drugs. J Card Fail
2016;22:449-458. doi: 10.1016/j.cardfail.2016.04.008 [PubMed: 27103426]

lwanek G, Ponikowska B, Zdanowicz A, Fudim M, Hurkacz M, Zymlinski R, Ponikowski P,
Biegus J. Relationship of Vascular Endothelial Growth Factor C, a Lymphangiogenesis Modulator,
with Edema Formation, Congestion and Outcomes in Acute Heart Failure. J Card Fail 2023;
S1071-9164(23)00147-1. doi: 10.1016/j.cardfail.2023.04.006

Smith JG. Molecular Epidemiology of Heart Failure: Translational Challenges and Opportunities.
JACC Basic Transl Sci 2017;2:757-769. doi: 10.1016/j.jacbts.2017.07.010 [PubMed: 30062185]
Turley P, Walters RK, Maghzian O, Okbay A, Lee JJ, Fontana MA, Nguyen-Viet TA, Wedow

R, Zacher M, Furlotte NA, et al. Multi-trait analysis of genome-wide association summary
statistics using MTAG. Nat Genet 2018;50:229-237. doi: 10.1038/s41588-017-0009-4 [PubMed:
29292387]

Luzum JA, Peterson E, Li J, She R, Gui H, Liu B, Spertus JA, Pinto YM, Williams LK,

Sabbah HN, et al. Race and Beta-Blocker Survival Benefit in Patients With Heart Failure: An
Investigation of Self-Reported Race and Proportion of African Genetic Ancestry. J Am Heart
Assoc 2018;7(10):e007956. doi: 10.1161/JAHA.117.007956 [PubMed: 29739794]

Lanfear DE, Luzum JA, She R, Gui H, Donahue MP, O’Connor CM, Adams KF, Sanders-van

Wijk S, Zeld N, Maeder MT, et al. Polygenic Score for beta-Blocker Survival Benefit in European
Ancestry Patients With Reduced Ejection Fraction Heart Failure. Circ Heart Fail 2020;13:e007012.
doi: 10.1161/CIRCHEARTFAILURE.119.007012 [PubMed: 33012170]

Bray NL, Pimentel H, Melsted P, Pachter L. Near-optimal probabilistic RNA-seq quantification.
Nat Biotechnol 2016;34:525-527. doi: 10.1038/nbt.3519 [PubMed: 27043002]

Love MI, Huber W, Anders S. Moderated estimation of fold change and dispersion for RNA-

seq data with DESeq2. Genome Biol 2014;15:550. doi: 10.1186/513059-014-0550-8 [PubMed:
25516281]

Leek JT. svaseq: removing batch effects and other unwanted noise from sequencing data. Nucleic
Acids Res 2014;42(21):e161. doi: 10.1093/nar/gku864 [PubMed: 25294822]

Giambartolomei C, Vukcevic D, Schadt EE, Franke L, Hingorani AD, Wallace C, Plagnol V.
Bayesian Test for Colocalisation between Pairs of Genetic Association Studies Using Summary
Statistics. Plos Genetics 2014;10(5):e1004383. doi: 10.1371/journal.pgen.1004383 [PubMed:
24830394]

Liu B, Gloudemans MJ, Rao AS, Ingelsson E, Montgomery SB. Abundant associations

with gene expression complicate GWAS follow-up. Nat Genet 2019;51:768-769. doi: 10.1038/
$41588-019-0404-0 [PubMed: 31043754]

Kichaev G, Pasaniuc B. Leveraging Functional-Annotation Data in Trans-ethnic Fine-Mapping
Studies. Am J Hum Genet 2015;97:260-271. doi: 10.1016/j.ajhg.2015.06.007 [PubMed:
26189819]

Watanabe K, Taskesen E, van Bochoven A, Posthuma D. Functional mapping and annotation of
genetic associations with FUMA. Nat Commun 2017;8:1826. doi: 10.1038/s41467-017-01261-5
[PubMed: 29184056]

de Leeuw CA, Mooij JM, Heskes T, Posthuma D. MAGMA: generalized gene-set analysis of
GWAS data. PLoS Comput Biol 2015;11:1004219. doi: 10.1371/journal.pcbi.1004219 [PubMed:
25885710]

Circ Heart Fail. Author manuscript; available in PMC 2024 September 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Gui et al.

Page 16

What is New?

. First genome-wide association study of clinical outcomes after hospitalization
for acute heart failure.

. A novel candidate gene for acute heart failure clinical outcomes was
identified, FGD5, which may act via VEGF pathway and blood pressure.

What are the clinical implications?

. Genetic variation in this FGD5 could help explain varying risk of
exacerbation or progression across patients with heart failure.

. FGDS5 or related pathways could be a target for novel interventions aimed at
acute heart failure.
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Figure 1. Kaplan-Meier curves for ASCEND-HF patients by rs2342882 genotypes.
Heart failure patients in ASCEND-HF trial (n=2680) was stratified by rs2342882 genotypes

(TIT, T/IG, and G/G; G is risk allele). Survival time is in days.
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Figure 2. Visualization of 3p25.1 locus by regional plot.
Regional association plot for 3p25.1 locus, centering on index SNP rs2342882 (+/- 500Kb),

with each dot representing —logo(p-value) from meta-analysis of EA (n=2173) and AA
group (n=507) in ASCEND-HF trial. Linkage disequilibrium (i.e., r) relative to index SNP
was estimated using overall ASCEND-HF samples (n=2680). Mb stands for megabase.
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Figure 3. Linkage disequilibrium pattern among FGD5 common SNPs.
A) Haploview plot for FGD5common SNPs in ASCEND-HF EA group (n=2173). B)

Haploview plot for FGD5 common SNPs in ASCEND-HF AA group (n=507). Numbers in
each cell are pairwise r2 between two SNPs.
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Table 1.
Cohort characteristics for patients from ASCEND-HF trial

Datal Data2
Variables P for difference
ASCEND-HF EA  ASCEND-HF AA
Sample size 2173 507
Study design RCT RCT
Nesiritide treatment (%) 1077 (49.6) 259 (51.1) 0.485
Age in years (mean * SD) 68.6 +12.7 58.1+14.0 <0.001
Female sex (%) 679 (31.2) 198 (39.1) <0.001
BMI (kg/m?) (mean + SD) 30.0+7.0 33.1+89 <0.001
SBP (mmHg) at baseline (mean + SD) 126.5+18.8 130.2+21.7 <0.001
Creatinine (umol/L) (mean + SD) 120.7 +48.3 129.1+51.9 0.001
No. of death or re-hospitalization (%) 502 (23.1) 116 (22.9) 0.800
All-cause death (%) 219 (10.1) 31(6.1)
Rehospitalization (%) 283 (13.0) 85 (16.8) 0.001
Follow-up days (mean + SD) 151+ 73 143+ 76 0.025
Ejection fraction at enroliment (mean + SD) 32.4+13.6 274+134 <0.001
HFrEF (%) 1219 (56.1) 332 (65.5) <0.001
History of MI/CAD (%) 1378 (63.4) 213 (42.0) <0.001
History of diabetes (%) 868 (39.9) 230 (45.4) 0.029
History of atrial fibrillation (%) 1123 (51.7) 113 (22.3) <0.001
History of hypertension (%) 1601 (73.7) 459 (90.5) <0.001
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Abbreviations: EA for European Americans, AA for African Americans, RCT for randomized clinical trial, SD for standard deviation, BMI for
body mass index, SBP for systolic blood pressure, HFrEF for heart failure with reduced ejection fraction (<40%), MI for myocardial infarction,

CAD for coronary artery disease.
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Table 4.
Sensitivity analyses for FGD5common SNPs
ASCEND-EA ASCEND-AA Meta-analysis
Model™ Test HR P HR P HR pt
Base + SNP (180 days) 152342882 138 242E-06 151 4.43E-03 141 4.25E-08
Base + SNP + CAD rs2342882 139 204E-06 150 4.80E-03 141 3.76E-08
Base + SNP + Nesiritide rs2342882 138 276E-06 152 3.97E-03 141 4.42E-08
Base + SNP + CAD + SNP*CAD  rs2342882*CAD ~ 0.84 2.30E-01 051 230E-02 075 3.50E-02
Base + SNP + NES + SNP*NES  rs2342882*Nesiritide 1.01  9.70E-01 091 7.50E-01 099 9.20E-01
Base + SNP (180 days) rs748431 126 658E-04 095 7.0E-01 1.20 3.34E-03
Base + SNP + CAD rs748431 127 594E-04 095 7.30E-01 120 2.97E-03
Base + SNP + Nes rs748431 126 7.81E-04 096 7.60E-01 120 3.45E-03
Base + SNP + CAD + SNP*CAD 1s748431*CAD 079 110E-01 073 304E-01 078 5.96E-02
Base + SNP + NES + SNP*NES  rs748431*Nesiritide  0.96 7.90E-01 117 6.01E-01 1.00 9.80E-01
Base + SNP (30 days) 152342882 134 6.22E-04 159 537E-03 139 1.59E-05
Base + SNP (30 days) rs748431 121 254E-02 104 B817E-01 117 3.63E-02
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*
Base in the model referred to all variables (11 clinical variables and 5 genetic principal components) selected as covariates in the discovery

analysis.

fMeta-anaIysis p-values were estimated using fixed-effect model in METAL. Abbreviations: HR for hazard ratio; EA for European Americans, AA
for African Americans, CAD for coronary artery disease, NES for nesiritide, SNP for single nucleotide polymorphism.
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