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Background: Polymorphisms in adrenergic signaling affect the molecular function of adrenergic receptors

and related proteins. The b1 adrenergic receptor (ADRB1) Arg389Gly, G-protein receptor kinase type 5

(GRK5) Gln41Leu, G-protein b-3 subunit (GNB3) 825 C/T, and a2c deletion affect adrenergic tone,

impact heart failure outcomes and differ in prevalence by ethnicity. Their combined effect within black

cohorts remains unknown.

Methods and Results: We analyzed subjects from the African American Heart Failure Trial (A-HeFT) by

assessing event-free survival, quality of life, and gene coinheritance. Significant coinheritance effects on

survival included GRK5 Leu41 among subjects co-inheriting GNB3 825 C alleles (n = 166, 90.4% vs

69.0%, P< 0.001). By contrast, the impact of ADRB1 Arg389Arg genotype was magnified among subjects

with GNB3 825 TT genotype (n = 181, 66.3% vs 85.7%, P = .002). The lack of the a2c deletion (ie, inser-

tion) led to a greater impact of the ARG389Arg genotype (n = 289, 76.4% vs 86.1%, P = .007).

Conclusions: Polymorphisms in adrenergic signaling affects outcomes in black subjects with heart failure.

Coinheritance patterns in genetic variation may help determine heart failure survival. (J Cardiac Fail

2019;25:553�560)
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The pathophysiology of heart failure with reduced ejec-

tion fraction (HFrEF) includes regulatory responses to cate-

cholamine stimulation of the failing heart. Important

adrenergic receptor activity features feedback mechanisms

that determine cardiac function.1,2 Researchers have studied

polymorphisms in the genes affecting adrenergic signaling

to understand the causal effects of genetic background on

heart failure outcomes.3 Much of the clinical heterogeneity
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in heart failure outcomes can be associated with genetic

variability,4 findings that overlap with variation in disease

progression by race or ethnicity.5

Work initially addressing the genomic risk of hyper-

tension has previously determined that allelic frequencies

of genes involved in adrenergic signaling differ signifi-

cantly in black and white cohorts.3 Several adrenergic

polymorphisms common in black cohorts have been sug-

gested to impact heart failure outcomes including the b1
adrenergic receptor (ADRB1) Arg389Gly,6 G-protein

receptor kinase type 5 (GRK5) Leu41Gln,3,5,7 G-protein

b-3 subunit (GNB3) 825 T/C,8 and the a2C deletion.9

Three of these genes, ADRB1, GRK5, and GNB3, inter-

act at the level of the G-protein complex. The fourth, the

a2c receptor, helps regulate release of norepinephrine

from cardiac sympathetic nerves. A polymorphism of the

a2c receptor gene is common in black subjects and

involves deletion of amino acids 322�325, leading to

the loss of normal negative feedback and, therefore

increased release of norepinephrine.9 Although these

genes are predicted to interact on a molecular level dur-

ing heart failure pathogenesis, the genetic interaction of
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their functional variants on heart failure outcomes has

not been previously studied.

Allelic frequencies of these adrenergic polymorphisms

differ in black and white cohorts.3 The a2c deletion is more

common in black cohorts but rare in white cohorts (minor

allele frequency of 0.42 vs 0.06, respectively). In a similar

fashion, the GRK5 Leu41 variant is more common in black

subjects with a minor allele frequency of 0.23 but very rare

in white subjects (minor allele 0.013).3 The GNB3 825T

allele is the major allele in black cohorts (allele frequency

of 0.7210 with »50% of black subjects being homozygous,

whereas in white subjects it is the minor allele (frequency

0.42) with only 10%�15% being homozygous.3,11 The

GNB3 T allele is tightly linked to a splicing variant and a

truncated GNB3 subunit which results in increased adrener-

gic tone. The increased prevalence of this variant in black

cohorts has been extensively studied and is one of the

mechanisms by which subjects of African genomic ancestry

are speculated to have a higher prevalence of hypertension

than those with European genomic ancestry.12 The b1
receptor Arg389 variant is an exception as it is the major

allele compared with Gly389 and Arg389 is actually

slightly less common in black subjects compared with white

subjects (allele frequency 0.56 vs 0.75, respectively).12

Analysis of the impact of single gene mutations of GRK5

Leu41 and ADRB1 Arg389 polymorphisms on heart failure

outcomes has led to variable results.7,9,13�17 Potential

explanations for the inconsistent findings may be that single

genetic variants do not explain complex clinical outcomes

and polygenic analysis accounting for genetic interactions

with other important adrenergic polymorphisms is required.

This may be particularly pertinent for black heart failure

cohorts with relatively increased gene frequencies of sev-

eral potentially pathologic adrenergic variants. To address

this, we evaluated the impact on heart failure outcomes of

functional variants of ADRB1, GRK5, GNB3, and a2c, and

their coinheritance, by examining participants in GRAHF

(Genetic Risk Assessment of Heart Failure in African

Americans) the genetic substudy of the African American

Heart Failure Trial (A-HeFT).

METHODS

Study Population

A-HeFT was conducted between 2001 and 2004 in

161 centers across the United States and evaluated mor-

tality benefit of fixed dose combination of isosorbide

dinitrate and hydralazine (FDC I/H) compared with

usual heart failure care.18 At the 6-month follow-up

visit, a subset of 350 subjects enrolled for GRAHF1

after providing additional informed consent. The study

protocol was reviewed and approved by the institutional

review board at each of the 64 enrolling sites. Subjects

were followed to an endpoint of death or heart failure

hospitalization. Subjects had an assessment of quality of

life (QOL) using the Minnesota living with heart failure

questionnaire (MLHFQ) at entry and at 6 months post-
randomization. The A-HeFT composite score (CS) was

the primary endpoint of the A-HeFT trial. The A-HeFT

CS incorporates survival (alive = 0, dead =¡3), heart

failure hospitalization (no = 0, yes =¡1) and change in

QOL score (¡2 to +2, depending on the degree of

change in the MLHFQ raw score) into a single score,

which can range from ¡6 to +2.

Genotyping

We isolated DNA from peripheral blood by leukocyte

centrifugation and cell lysis using the PureGene DNA puri-

fication kit (Gentra Systems, Minneapolis, Minnesota). We

assessed the ADRB1 gene position 1165 Arg389Gly G/

C polymorphism using a TaqMan SNP Genotyping Assay

(Assay ID: C__8898494_10, Applied Biosystems Inc, Fos-

ter City, CA), the GRK5 Gln41Leu polymorphism position

41 A/T polymorphism using a TaqMan SNP Genotyping

Assay (Assay ID: C__15852506_10, Applied Biosystems

Inc., Foster City, CA), and the GNB3 825 C/T polymor-

phism using a TaqMan SNP Genotyping Assay (Assay ID:

C__2184734_10, Applied Biosystems Inc., Foster City,

CA) with tagged primers (reporter 1 tagged dye = VIC;

reporter 2 tagged dye = FAM). We read the products with

the Applied Biosystems 7000 (ABI, Foster City, CA).

For genotyping of the a2c deletion polymorphism,

genomic DNA was amplified using the following primers19:

sense 50-AGCCCGACGAGAGCAGCGCA-30 and anti-

sense 50-AGGCCTCGCGGCAGATGCCCTACA -30, in

PCR reactions consisting of 100 ng genomic DNA, 20 ml
5£ buffer (Invitrogen), 5 pmol of each primer, 0.8 nM

dNTPs, 10% DMSO, and 2.5 units Platinum Taq DNA

polymerase (GIECO/BRL) in a 20 ml reaction volume.

PCR cycling started at 94 for 5 minutes, followed by 94”

for 30 seconds, 63 for 30 seconds, and 72” for 2 minutes for

40 cycles, and a final extension of 72” for 10 minutes. Fif-

teen microliters were then loaded onto 3% agarose gel and

run overnight at 45 V.

Statistical Analysis

We evaluated the agreement of observed genotypes for

Hardy�Weinberg equilibrium by x2 analysis comparing

observed genotypes percentages with expected for the poly-

morphisms.20 All other analyses of genotypes were based

on 2 group comparisons. For GNB3, ADBR1, and GRK5,

subjects homozygous for the major allele were compared to

all subjects with the minor allele (subjects homozygous for

the minor allele combined with heterozygous subjects). For

a2C, subjects homozygous for the minor allele (a2C dele-

tion) were compared to all subjects heterozygous or homo-

zygous for the wild-type receptor. Student’s t and Fisher’s

exact tests compared continuous and categorical variables

by genotype, respectively. The impact of GNB3 TT geno-

type on heart failure outcomes has been previously evalu-

ated.11 Event-free survival (survival free from heart failure

hospitalization) using Kaplan�Meier survival and log rank

analysis for ADRB1Arg389Arg, GRK5 Leu41 (Leu41Leu
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and Gln41Leu combined), and a2C deletion/deletion first in

the overall cohort and then separately based on GNB3

genotype subsets (GNB3 825 TT or GNB3 C [TC and CC

genotypes combined]). An alpha of 0.05 determined statisti-

cal significance except where adjustments were required.

For the impact on survival of variants of the 4 adrenergic

genes investigated, a Bonferroni correction for multiple

comparisons resulted in a significance level of P = .0125

(0.05 divided by 4 comparisons). For the analysis of sur-

vival for three adrenergic variants (ADRB1 Arg389Arg,

GRK5 Leu41 [Leu41Leu and Gln41Leu combined], and

a2C deletion homozygous subjects) within the 2 GNB3

genotype subsets (GNB3TT and GNB3 C), the Bonferroni

correction for 6 comparisons led a significance level of

P = .0083 (0.05 divided by 6 comparisons). We evaluated

interactions between genotypes for their impact on event-

free survival with Cox regression analysis. We analyzed 2

group comparisons for QOL and CS by medical therapy

within genotype subset using Student’s paired t tests. We

performed statistical analyses using SPSS version 24 and

Stata version 15.
RESULTS

Baseline Demographics

A total of 350 participants from GRAHF were genotyped

for ADRB1 Arg389Gly, the GRK5 Gln41Leu, GNB3

825 C/T, and a2C deletion/insertion polymorphisms. Geno-

type data were unavailable for 3 subjects for ADRB1, 2

subjects for GRK5, and 6 subjects for a2C deletion/inser-

tion. Table 1 shows descriptive statistics and baseline char-

acteristics. The GRAHF cohort was 60% male with a mean

age = 57 years § 13. The mean left ventricular ejection

fraction was 0.26 § 0.06. Twenty-five percent of partici-

pants had ischemic cardiomyopathy. All participants had
Table 1. Baseline Demographic and Clinical Characte

All ADRB1 GRK5
n = 350 Arg389Gly+ Gln41

Gly389Gly Arg389Arg n = 192
n = 236 n = 111

Age (years)§ SD 57 § 13 57 § 13 56 § 13 58 §
Female (%) 40 38 44 43
NYHA class (%/III/IV) 97/3 97/3 96/4 96/4
Ischemic (%) 25 24 27 23
LVEF§ SD 0.24 § 0.06 0.24 § 0.06 0.25 § 0.07 0.24 §
BP systolic (mmHg)§ SD 127 § 17 127 § 17 127 § 17 128 §
BP diastolic (mmHg)§ SD 77 § 11 76 § 11 78 § 10 77 §
ACE inhibitor or ARB (%) 94 93 97 93
Aldosterone receptor
antagonist (%)

36 36 36 38

b-blocker (%) 84 81 92* 82
FDCI/H (%) 47 44 51 47

ACE, angiotensin converting enzyme; ARB, angiotensin II receptor blocker; B
isosorbide dinitrate and hydralazine; ins, insertion (wild-type) of a2c; LVEF, left v
dard deviation.

*Percentage of Arg389Arg subjects on b-blockers significantly higher than Gl
significant.
New York Heart Association class III or IV symptoms (%

class III/IV = 97/3).
Gene Frequencies

For ADRB1 (n = 347), 111 (32%) subjects were

Arg389Arg, 180 (51%) were Arg389Gly, and 56 (16%)

were Gly389Gly. For GRK5 genotyping, (n = 348) 192

(55%) subjects were Gln41Gln, 134 (39%) were

Gln41Leu, and 22 (6%) were Leu41Leu. For GNB3 gen-

otyping (n = 350), 184 (55%) subjects were TT, 137

(39%) were TC, and 29(8%) were CC. For a2c deletion

(n = 344), 135 (39%) subjects were homozygous wild

type, 156 (45%) were heterozygous for wildtype and

deletion, and 53 (15%) were homozygous for the dele-

tion. All polymorphisms were in Hardy�Weinberg equi-

librium. For ADRB1 Arg398Gly observed = 111/180/56;

expected = 116/169/61; x2 = 1.43, P = ns. For GRK5

Gln41Leu observed = 192/134/22; expected = 192/132/23,

x2 = 0.0024, P = ns. For GNB3 825 C/T, observed = 184/

137/29; expected = 182/141/27; x2 = 0.24, P = ns. For a2c

deletion, observed = 135/156/53; expected = 131/165/52,

x2 = 0.93, P = ns.
Event-Free Survival by Genotype

There were 12 (3.9%) deaths and 61 heart failure hospi-

talizations (18.9%) and the event-free survival at 1 year for

the overall cohort was 80%. Event-free survival was similar

in women and men (P =.29). There was no impact of gender

on survival by genotype. Comparison of survival by geno-

type revealed that poorer survival was evident for subjects

with the GRK5 Leu41 variant with an event-free survival at

1 year of 77.4% for GRK5 Leu41 versus 82.6% for

Gln41Gln, P = .046 (Fig. 1). Subjects with the ADRB1

Arg389Arg genotype had worse survival compared with
ristics of 350 Participants in the GRAHF Cohort

GNB3 a2c
Gln Leu41Leu+ CC+ TT ins/ins+ del/del

Gln41Leu TC n = 184 ins/del n = 53
n = 156 n = 166 n = 291

13 56 § 12 58 § 13 57 § 12 58 § 13 58 § 14
36 40 40 40 40
97/3 97/3 97/3 97/3 98/2
28 26 24 25 28

0.06 0.24 § 0.06 0.23 § 0.07 0.24 § 0.06 0.24 § 0.06 0.25 § 0.06
17 125 § 17 126 § 18 128 § 17 127 § 17 124 § 16
10 77 § 11 76 § 11 77 § 11 77 § 10 75 § 11

96 95 94 94 94
34 37 35 36 34

86 83 85 84 81
46 48 46 47 43

P, blood pressure; del, deletion polymorphism of a2c; FD I/H, fixed dose
entricular ejection fraction; NYHA, New York Heart Association; SD, stan-

y389 subjects, P = .007. All other comparisons by genotype not statistically



Fig. 1. Event-free survival by ADRB1 Arg389Gly genotype. Dot-
ted line represents subjects with the Arg389Arg variant (n = 111).
Solid line represents subjects with the Gly389 variant (n = 236,
homozygotes and heterozygotes combined). The Arg389Arg vari-
ant was associated with worse event-free survival (P = .015).
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those with the Gly389 variant with an event-free survival at

1 year 74.1% for Arg389Arg versus 83.7% for Gly389,

P = .015 (Fig. 2). When adjusted for multiple comparisons,

the Pvalue for the overall impact of GRK5 Leu41 was no

longer significant, whereas the value for the impact of

Arg389Arg was borderline. There was no difference in

heart failure event-free survival for subjects with the GNB3

TT genotypes compared with subjects with the GNB3 C

allele (event-free survival at 1 year 80% vs 81%, P = .43) or

for the a2c deletion compared with the insertion (event-free

survival at 1 year 74% vs 83%, P = .23).

Gene�Gene Interactions

GRK5 and GNB3

To evaluate the interactions of GRK5 and GNB3 geno-

types we examined the impact of the GRK5 Leu41 variant

separately in subsets with and without the GNB3 TT geno-

type. The adverse impact of GRK5 Leu41 was not evident
Fig. 2. Event-free survival by GRK5 Gln41Leu genotype. Dotted
line represents subjects with the GRK5 Leu41 variant (n = 156,
homozygotes and heterozygotes combined). Solid line represents
Gln41Gln homozygous subjects (n = 192). The Leu41 variant was
associated with worse event-free survival (P = .046).

Fig. 3. Effect of coinheritance of the GNB3 825 TT genotype
with GRK5 Leu41 or ADRB1 variants on survival. (A) Event-free
survival for subjects with GRK5 Leu41 versus Gln41Gln among
subjects (n = 166) with the GNB3 C allele (GNB3 CC and TC
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in subjects with the GNB3 TT genotype (n = 182, % event-

free survival at 1 year for Gln41Gln vs Leu41 = 75% vs

85%, P = .38; Fig. 3B), but was dramatically magnified in

subjects with the GNB3 C allele (n = 166, event-free sur-

vival at 1 year 90% vs 69%, P < .001; Fig. 3A). A signifi-

cant gene-gene interaction was present wherein the

detriment to event-free survival was only evident with coin-

heritance of GRK5 Leu41 with GNB3 825 C allele (signifi-

cance of the interaction of GNB3 genotype and GRK5

Leu41 variant P = .001, hazard ratio = 6.38). When adjusted

for multiple comparisons, the impact of GRK5Leu within

the GNB3C subset remained statistically significant.
ADRB1 and GNB3

The Arg389Arg genotype had a markedly adverse impact

on event-free survival for subjects co-inheriting the GNB3

TT genotype (n = 181, % event-free survival at 1 year for

Arg389Arg vs Gly389 = 66% vs 86%, P = .002; Fig. 3D). In

contrast, there was no impact of the ADRB1 Arg389Arg

genotype evident in the subset with the GNB3 C allele

(n = 166, % event-free survival at 1 year for Arg389Arg vs

Gly389 = 80% vs 81% P = .56; Fig. 3C). When adjusted for

multiple comparisons, the impact of Arg389Arg within the

GNB3TT subset remained statistically significant. The anal-

ysis by Cox regression of the interaction between ADRB1

Arg389Gly and GNB3 825 TT genotypes in determining

event-free survival failed to reach statistical significance

(P = .10, hazard ratio = 2.28).
a2C and GNB3

By Cox regression analysis there was no interaction

between the a2c deletion/deletion and GNB3 TT genotypes

as determinants of event free survival (P = .32). The impact

of the a2C deletion/deletion was not significantly associ-

ated with poor outcomes for either the GNB3 TT subset

(P = .84) or within the GNB3 C subset (P = .15).
genotypes combined). Dotted line represents subjects with the
GRK5 Leu41 variant (homozygotes and heterozygotes combined,
n = 76). Solid line represents Gln41Gln subjects (n = 90). The
Leu41 variant associated with poor event-free survival (P< .001).
(B) Event-free survival for GRK5 Leu41 versus Gln41Gln among
subjects with GNB3 TT (n = 182). Dotted line represents subjects
with the GRK5 Leu41 variant (n = 80). Solid line represents
Gln41Gln subjects (n = 102). The Leu41 variant was not associ-
ated with worse event-free survival (P = .38). (C) Event-free sur-
vival for ADRB1 Arg389Arg versus Gly389 among subjects with
the GNB3 C allele (n = 166). Dotted line represents subjects with
the Arg389Arg genotype (n = 59). Solid line represents subjects
with the Gly389 variant (homozygotes and heterozygotes com-
bined, n = 107). The Arg389Arg genotype was not associated with
worse survival (P = .56). (D) Event-free survival for ADRB1
Arg389Arg versus Gly389 among subjects with GNB3 TT subset
(n = 181). Dotted line represents subjects with the Arg389Arg
genotype (n = 52). Solid line represents subjects with the Gly389
variant (homozygotes and heterozygotes combined, n = 129). The
Arg389Arg genotype was associated with poor event-free survival
(P = .002).
Other Interactions

There was no clear interaction between the ADRB1

Arg389Gly and the GRK5 Gln41Leu polymorphisms in

terms of event free survival (P = .67). There was no statisti-

cal interaction between the GRK5 Gln41Leu and a2C dele-

tion/insertion polymorphisms (P = .32). There did appear to

be an interaction between the a2c deletion/insertion and

ADRB1 Arg389Gly. The presence of the a2c insertion

enhanced the Arg389Arg mutation. Among subjects with

the a2c insertion (eg, wild-type) the adverse impact of

Arg389Arg lead to 76% 1-year survival compared with

86% for Gly389 variants (P = .007; HR = 2.14). On the

other hand, for the subset of subjects homozygous for the

a2c deletion, the Arg389Arg genotype did not have signifi-

cantly worse survival (P = .80). Adjusting for multiple com-

parisons, the impact of Arg389Arg within the a2c wild-type
subset remained statistically significant. Cox regression

analysis did not demonstrate a statistical interaction

(P = .18)

Medical Therapy

Isosorbide Dinitrate and Hydralazine Therapy

Of the GRAHF cohort, 164 subjects were randomized

to FDC I/H and 186 to placebo. We have previously

reported an interaction of GNB3 genotype with therapy

with greater impact of drug on event-free survival, CS,

and change in QOL for GNB3 TT subjects.11 There was

no clear association with FDC I/H therapy effects on CS

and event-free survival by GRK5 or a2C genotypes. In

contrast, for the ADRB1 Arg389Gly polymorphism, the

impact of FDC I/H on CS was significant among sub-

jects with Arg389Arg genotype (CS for FDC I/

H = 0.40§1.50 vs placebo ¡0.26 § 1.96, P = .047), but

not among subjects with the Gly389 variants (P = .59).

However, this differential impact of FDC I/H on CS

was primarily based on a greater impact of FDC I/H on

QOL assessment for ADRB1 Arg389Arg subjects (QOL

for FDC I/H = 0.68§1.32 vs placebo 0.20§1.59, P =

.09), as treatment was not associated with any difference

in event-free survival for this subset (P = .36).

b-Blocker Therapy

The vast majority of participants (n = 293, 84%) were on

b-blocker therapy (Table 1). b-blocker therapy did not

appear to eliminate the adverse impact of the ADRB1

Arg389Arg genotype on event-free survival. The subset of

subjects on b-blockers with this genotype demonstrated

worse event-free survival than those with the ADRB1

Gly389 variants (% 1-year event-free survival for

Arg389Arg vs Gly389 = 75% vs 85%, P = .018). This sur-

vival difference by genotype was similar in magnitude for

the subset not on b-blockers, though not significant (65%

vs 77%, P = .45). In contrast, for the GRK5 Gln41Leu poly-

morphism the adverse impact of Leu41 appeared greater for

subjects not on b-blockers. In this small subset, subjects
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with the GRK5 Leu41 variant did significantly worse than

Gln41Gln homozygotes not on b-blockers (% 1 year event-

free survival Leu41 vs Gln41Gln = 59% vs 85%, P = .04).

There was no significant difference between survival for

subjects on b-blockers by GRK5 Leu41 genotype (80% vs

82%, P = .19). There was no significant difference in event-

free survival by GNB3 or a2C genotypes based on

b-blocker use.
Fig. 4. Adrenergic receptor and heterotrimeric G-protein com-
plex. Adrenergic receptors are GPCRs with 7 transmembrane
domains, an amino acid terminus in the extracellular region, and a
carboxy domain in the intracellular region.30 Many GPCRs are
heterotrimeric, with a a, b, and g subunit. GNB3 encodes for a
ubiquitous b subunit. Sympathetic innervation of the heart releases
norepinephrine as a ligand to cardiac b receptors, and a2c recep-
tors on the nerve ending as a critical negative feedback loop, limit-
ing additional release of norepinephrine.31 Once norepinephrine
binds, the b-g subunit separates from the a subunit, and the GPCR
is then potentially phosphorylated and desensitized by a G-protein
receptor kinase, such as GRK5.1
Discussion

This investigation from the genetic substudy of A-HeFT

demonstrates that genetic polymorphisms affecting adrener-

gic receptor sensitivity impact heart failure survival in

black subjects with HFrEF. The GRK5 Leu41 variant,

which decreases b-receptor sensitivity, and the ADRB1

Arg389Arg genotype, which increases b-receptor sensitiv-
ity, show trends toward worse event-free survival. The

GNB3 TT genotype, associated with increased adrenergic

tone, did not impact overall event-free survival. However,

the impact of Arg389Arg was markedly increased by coin-

heritance of the GNB3 TT genotype, whereas the impact of

GRK5 Leu41 variant was dramatically increased by the

absence of GNB3 TT. This study demonstrates the effect of

inheritance patterns in multiple related genes determining

overall adrenergic signaling, which ultimately affects heart

failure outcomes.

GRK5 expression is associated with clinical heart failure

severity and left ventricular size, indicating a role in

advanced heart failure.21,22 In vitro studies have shown that

GRK5 Leu41 polymorphism augments b-adrenergic recep-
tor phosphorylation and desensitization,3,5�7,22 in essence

decreasing the activity of the b-adrenergic receptor. GRK5
Leu41 has been theorized to have a protective role in

dilated cardiomyopathy.23,24 Initial reports suggested that

the Leu41 variant was associated with better heart failure

outcomes and less benefit from exogenous b-blocker use.7

A larger follow-up investigation of Leu41 suggested no

impact for subjects not treated with b-blockers and surpris-

ingly poorer survival with Leu41 for subjects treated with

b-blockers.5 In the current study we also found that partici-

pants with the GRK5 Leu41 genotype had worse outcomes

compared with those with the Gln41Gln genotype. We did

not find evidence that this adverse impact is due to attenu-

ated b-blocker response.
Subjects with the ADRB1 Arg389 variant have a gain of

function of the b-1 adrenergic receptor, which is more

responsive to adrenergic stimulation than the Gly389 var-

iant.6,25�27 Our investigation found that subjects with

Arg389Arg had significantly worse outcomes than those

with the ADRB1 Gly389 variant. The adverse impact in our

investigation did not appear to be diminished by treatment

with b-blockers. Biolo and colleagues28 also showed worse

survival for subjects with the Arg389 variant compared

with Gly389Gly, a finding they attributed to less ventricular

arrhythmias in the Gly389Gly group. However, their inves-

tigation suggested that b-blocker use was associated with
significantly improved outcomes in Arg389 allele carriers.

Sehnert and colleagues29 evaluated impact of the Arg389-

Gly polymorphism on survival in a predominantly white

heart failure cohort on b-blockers and did not demonstrate

a significant effect. Notably, coinheritance of the GNB3 TT

genotype, which facilitates the adverse impact of

Arg389Arg in the current study would be uncommon in the

Sehnert cohort given the lower prevalence of the GNB3 T

allele in whites.

In the Small et al9 study of heart failure risk, the presence

of Arg389Arg genotype increased the risk of heart failure,

but only in subjects homozygous for the a2c deletion, a

genotype rare in white cohorts, but more common in black

cohorts. Both the current study and this earlier study of

heart failure risk, suggest the impact of Arg389 is magnified

by coinheritance of a-adrenergic variants. The 4 genes ana-

lyzed in the current report work together in the molecular

mechanisms of cardiac sympathetic activation, and the

genetic interactions likely reflect their cellular relationships

(Fig. 4). Adrenergic receptors are G-protein-coupled recep-

tors (GPCRs) that all have a similar structure with seven

transmembrane domains, an amino terminus domain in the

extracellular region, and a carboxy terminus domain in the

intracellular region.30 A large subset of G-proteins are het-

erotrimeric, with a, b, and g subunits (Fig. 4), and GNB3

encodes for a ubiquitous bsubunit. Once a ligand binds to a

GPCR, a conformational change results in separation of the

b-g subunit from the a subunit, and the GPCR is then

potentially phosphorylated and desensitized by a G-protein

receptor kinases such as GRK5.1 Sympathetic innervation
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of the heart releases norepinephrine as a ligand to cardiac b
receptors. A2c receptors on the nerve ending are a critical

negative feedback loop, being activated by released norepi-

nephrine and limiting subsequent additional release.

The GNB3 TT genotype diminished the impact of GRK5

Leu41 but enhanced the impact of the Arg389Arg genotype.

The fact that the GNB3 TT genotype, which increases

adrenergic signaling, enhances the adverse impact of the

Arg389Arg genotype (which increases b-adrenergic signal-
ing), but diminishes the impact of the GRK5 Leu41 variant

(which decreases b-receptor responsiveness), appears con-
sistent with the genetic variants’ distinctly opposite physio-

logic effects on b-receptor responsiveness. Similarly, the

lack of a2c interaction with GRK5 and GNB3 likely reflects

a difference in effect based on intracellular (G-protein-

related compounds) versus extracellular (a2c) locations.

Our study has some limitations. First, the cohort size

of 350 subjects limits the power of subset analysis by

genotype. Second, the majority of participants were on

b-blocker therapy, which was not randomized, thus lim-

iting the conclusions of this exploratory pharmacoge-

netic analysis. Finally, our study evaluated outcomes in

self-described black participants. Without analysis of

ancestral genomic heritage, we are unable to determine

the extent that overall African genomic ancestry may

influence the current results. The physiology of the

adrenergic system and the differing impact of functional

variants must be considered in concert. Together, these

assessments will clearly add to the complexity of any

polygenic risk determination.
Conclusions

This investigation demonstrates that genetic polymor-

phisms of adrenergic functional variants impact event-free

survival in black subjects with HFrEF. Interactions with the

GNB3 TT genotype were far more important modifiers of

the adverse effect than pharmacogenetic interactions with

either b-blockers or FDC I/H. Interaction between genetic

polymorphisms affecting adrenergic signaling must be ana-

lyzed together to understand their impact on clinical out-

comes. Whether differences in the frequencies of these

variants in subjects of African genomic descent compared

with those of European descent underlie racial variation in

heart failure outcomes requires further study.
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