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Cardiac 7-transmembrane-spanning domain 
receptor portfolios: diversify, diversify, diversify

Stephen B. Liggett
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Enhanced signaling in myocytes by the G protein Gq has been implicated 
in cardiac hypertrophy and the transition to heart failure. α1-Adrenergic 
receptors (α1-ARs) are members of the 7-transmembrane-spanning domain 
(7-TM) receptor family and signal via interaction with Gq in the heart. The 
specific effects of a loss of α1-AR signaling in the heart are explored by 
O’Connell et al. in this issue of the JCI (see the related article beginning on 
page 1005). Paradoxically, gene ablation of the α1A and α1B subtypes in mice 
results in a maladaptive form of reactive cardiac hypertrophy from pressure 
overload, with a predisposition to heart failure. Thus signaling to the α1-AR 
(compared with signaling from other receptors such as angiotensin recep-
tors, which also couple to Gq) appears to be specifically required for a normal 
hypertrophic response. This represents another example of how receptors 
that share common G proteins have diversified, developing unique signaling 
programs. These findings may have particular clinical relevance because of 
the widespread use of α1-AR antagonists in the treatment of hypertension 
and symptomatic prostate enlargement.
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It is now recognized that there are 2 distinct 
subgroups of α-adrenergic receptors, desig-
nated as α1-adrenergic receptors (α1-ARs) 
and α2-ARs, all of which are members of 
the superfamily of 7-transmembrane-span-
ning domain (7-TM) receptors (also termed 
G protein–coupled receptors). There are 3 
human α1-AR subtypes, denoted α1A, α1B, 
and α1D. Since α1-ARs expressed on vascu-
lar smooth muscle act to constrict and thus 
increase peripheral vascular resistance, 
there has been substantial development 
and widespread use of α1-AR antagonists 
for the treatment of hypertension. What 
has not been well acknowledged is the fact 
that α1-ARs are also expressed on cardio-
myocytes, and thus treatment of hyperten-
sion with α1-AR antagonists may also have 
effects on the heart that are distinct from 
afterload reduction. All α1-AR subtypes 
couple to the heterotrimeric G protein 
Gq. Upon agonist activation, the Gα sub-
unit activates the effector phospholipase 
C, which produces at least 2 intracellular 
second messengers, inositol-1,4,5-tri-

phosphate and diacylglycerol. The former 
increases intracellular calcium, while the 
latter activates several PKC isoenzymes that 
modify heart failure (1). Since catechol-
amines are elevated in heart failure, cardiac 
α1-AR/Gq signaling is activated to various 
extents in the syndrome.

The Gαq pathway has been studied exten-
sively as to its role in cardiac hypertrophy 
and heart failure (2). Cardiac overexpres-
sion of Gαq in transgenic mice (3) results 
in hypertrophy, decreased ventricular func-
tion, loss of β-adrenergic receptor inotropic 
responsiveness, and induction of a classic 
hypertrophy gene expression profile. In 
these mice, pressure overload by surgical 
transverse aortic constriction (TAC), preg-
nancy, or higher transgenic overexpression 
of Gαq resulted in cardiomyocyte apopto-
sis and decompensated heart failure (3, 
4). Other studies showed that transgenic 
overexpression of a Gαq dominant-negative 
minigene resulted in the lack of a hyper-
trophy response to TAC (5). Furthermore, 
cardiac overexpression of a constitutively 
activated α1B-AR resulted in cardiac hyper-
trophy (6), while a more severe cardiomyop-
athy developed as a result of overexpression 
of the Gq-coupled angiotensin II type 1 (AT1) 
receptor (7). These studies, then, began to 
point toward hyperactive Gαq signaling 
as a key mechanism causing hypertrophy, 
depressed ventricular function, and failure. 

A readily drawn conclusion from such stud-
ies might be that in the human heart, fac-
tors that increase Gαq signaling predispose 
to cardiac hypertrophy and, potentially, the 
transition from hypertrophy to decompen-
sated heart failure. In addition, approaches 
that decrease this signaling might be pro-
tective against the development of heart 
failure or be beneficial in treatment.

Ablation of α1-ARs and cardiac 
hypertrophy
In the report by O’Connell et al. in this issue 
of the JCI (8), the hypertrophic response 
to TAC was assessed in mice in which the 
genes encoding α1A-AR and α1B-AR had 
been ablated (α1A/B KO mice). Mice without 
these Gαq-coupled receptors demonstrated 
rapid decompensation and heart failure 
after TAC. In those that survived, echocar-
diographic studies showed lower ejection 
fractions than in WT mice. Although both 
sets of mice exhibited hypertrophy, the 
α1A/B KO mice had increased apoptosis and 
interstitial fibrosis. Furthermore, they had 
an atypical hypertrophy-associated gene 
profile, with minimal changes in expression 
of β-myosin heavy chain, α-skeletal actin, 
and atrial natriuretic factor transcripts. 
These data suggest that α1-AR/Gq signal-
ing is necessary for adaptation to pressure 
overload. This issue is of substantial clini-
cal importance because of the extensive use 
of α1-AR antagonists for the treatment of 
hypertension and symptomatic prostate 
enlargement. In a large cohort of hyperten-
sive patients, those treated with the α1-AR 
antagonist doxazosin had a relative risk of 
2.04 (95% confidence interval = 1.79–2.32, 
P < 0.001) of developing heart failure com-
pared with those receiving a diuretic (9). 
Other studies with smaller cohorts have 
also observed this relationship but indi-
cate an attenuation of this risk after adjust-
ment for systolic blood pressure (10). Of 
note, this latter study found that systolic 
blood pressure was lower in the diuretic 
group compared with the α1-AR antagonist 
group, particularly in women, in whom the 
risk of heart failure was greatest. This may 
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indicate that normotensive men treated 
with α1-AR antagonists for symptomatic 
prostatic enlargement are not at signifi-
cantly increased risk for developing heart 
failure, but this hypothesis has not been 
tested in adequately powered trials. Of par-
ticular concern would be the scenario in 
which an individual taking α1-AR antago-
nists develops a stressed myocardium (e.g., 
new-onset hypertension, myocardial infarc-
tion). The inability to develop the appropri-
ate hypertrophic response could predispose 
such individuals to cardiac failure.

A matter of timing
The data obtained from this study of α1A/B 
KO mice (8) provide additional support for 
the potential deleterious effects of α1-AR 
blockade. How, though, are these results 
reconciled with the generally perceived 
notion that enhanced (as opposed to sup-
pressed) receptor/Gαq signaling evokes 
hypertrophy and/or failure? There are sev-
eral components to this issue. First, exami-
nation of earlier mouse studies (3) indicates 
that the effects observed in the Gαq mouse 
appear to be mostly due to Gαq overexpres-

sion being present from birth (because of 
the properties of the α-myosin light chain 
promoter that was used in the transgenic 
construct). When an inducible promoter 
was used, and Gαq overexpression was 
induced after the heart had reached normal 
size, no pathologic effect was noted (11). In 
other studies, mice lacking Gαq (and the 
similarly functioning Gα11 protein) died 
in utero with underdeveloped, hypoplastic 
hearts (12). So, it appears that for cardiac 
development (one form of growth), a cer-
tain critical level of Gαq signaling is neces-
sary to achieve normal morphology. Gαq/
Gα11 KO mice that survive the perinatal 
period are unable to mount a hypertrophic 
response to TAC as adults (13). 

Thus, similarly to the requirements 
for normal growth during development, 
finely tuned Gαq signaling appears to be 
necessary for reactive growth. Taking these 
studies into account, then, the O’Connell 
report (8) does not fully define the role of 
α1-AR signaling in the hypertrophic or fail-
ure response to pressure overload, because 
the α1A/B KO mice have abnormal hearts as 
adults. Prior to TAC, these hearts are small-

er with decreased myocyte surface area and 
volume (14). So whether the lack of α1-AR 
signaling in the normal, adult heart has an 
effect on hypertrophy or the transition to 
failure cannot be fully addressed in mice 
that have a lack of α1A/B-AR from concep-
tion. An inducible, cell type–specific knock-
out would be required to explore this issue 
in the most rigorous manner. Secondly, it 
is important to realize that cardiac hyper-
trophy per se is a form of growth whereby 
the heart responds to states, such as the 
increased afterload from hypertension, 
in order to maintain performance. Thus, 
under these circumstances hypertrophy 
can be considered as a compensatory and 
initially advantageous response of the 
heart. The inability to achieve the normal 
biochemical and anatomic hypertrophy 
response, such as when Gαq signaling is 
suppressed, may thus predispose to mal-
adaptive hypertrophy and a more rapid 
transition to pump failure. 

7-TM receptor diversification
It is not entirely clear why α1-AR/Gαq sig-
naling is specifically necessary for a normal 

Figure 1
Mechanisms of 7-TM receptor diversification. The classic paradigm is shown in A, where a receptor (denoted “R,” “R1,” or “R2”) couples to a 
G protein (denoted “G”), which activates an effector (denoted “E”). In B, 1 receptor couples to 2 G proteins, thereby activating 2 effectors. In 
C, receptor coupling to 2 G proteins modulates a single effector. Scenario D involves coupling to a single G protein, but the α and βγ subunits 
carry out distinct signaling to 2 different effectors. In E, feedback modulation of the receptor (such as phosphorylation) by 1 effector (or an effec-
tor-activated event such as protein kinase activation) causes the receptor to couple to the second G protein. In F, the functional coupling of R1 
to the G protein is altered by its heterodimerization with another receptor, R2. In contrast to the above, 7-TM receptors can couple directly to 
effectors without the G protein intermediary (G). In H and I, the 7-TM receptor is affected by, or acts upon, other types of receptors (denoted 
“r”), such as receptor tyrosine kinases, which alter signaling via the respective cognate pathways. In J, a signaling moiety (SM) is redistributed 
to a microdomain by the scaffolding action of the arrestins. These proteins act both to partially desensitize the receptor and to evoke a second 
effector signal by this scaffolding. One or more of these mechanisms may be responsible for the specialized signaling of the α1-AR required for 
normal hypertrophy, as elucidated by O’Connell et al. (8).
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response to pressure overload. There are 
numerous other cardiac neurohumoral 
receptors that also couple to Gαq and are 
activated in heart failure. These include the 
AT1 receptor, which is an effective pharma-
cologic target for angiotensin-converting 
enzyme inhibitors (15) and angiotensin 
receptor antagonists (16) in the treatment 
of heart failure. What is apparent, though, 
is that 7-TM signaling is not a simple, lin-
ear, 1-way “switch.” Indeed, in the most 
straightforward model, the hundreds of  
7-TM receptors couple to effectors by only a 
handful of G proteins. So a major question 
is how receptor subtypes within cells have 
evolved to carry out specialized functions. 
Such “signaling diversification” has been 
shown to be due to a variety of mechanisms 
(Figure 1). At issue now for the hypertro-
phy-related 7-TM receptors is to understand 
how their signaling has differentiated such 
that specific influences on cardiac function 
arise. Indeed, the α1B-AR appears to be in a 
signaling complex that includes EGFR and 
PDGFR, which when activated modulate 
α1B-AR function (17). The Gq-coupled AT1 
receptor may be in a different complex with 
the EGFRs, where each receptor can coun-
terregulate the other (18). Thus these recep-
tor complexes must be delineated and their 
effects as a unit considered, rather than 
pathophysiologic effects being ascribed to 
a single member of the unit. The challenge 
for the future, then, is to think in terms of 

signaling complexes, rather than individual 
components, in order to ascertain critical 
intracellular events in myocytes that modu-
late the hypertrophic response and transi-
tion to failure.
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