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Cardiac hypertrophy is inhibited by antagonism of
ADAM12 processing of HB-EGF: Metalloproteinase
inhibitors as a new therapy
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G-protein-coupled receptor (GPCR) agonists are weli-known inducers of cardiac hypertrophy.
We found that the shedding of heparin-binding epidermal growth factor (HB-EGF} resulting
from metalloproteinase activation and subsequent transactivation of the epidermal growth fac-
tor receptor occurred when cardiomyocytes were stimulated by GPCR agonists, leading to car-
diac hypertrophy. A new inhibitor of HB-EGF shedding, KB-R7785, blocked this signaling. We
cloned a disintegrin and metalloprotease 12 (ADAM12} as a specific enzyme to shed HB-EGF in
the heart and found that dominant-negative expression of ADAM12 abrogated this signaling.
KB-R7785 bound directly to ADAM12, suggesting that inhibition of ADAM12 blocked the shed- -
ding of HB-EGF. In mice with cardiac hypertrophy, KB-R7785 inhibited the shedding of HB-EGF
and attenuated hypertrophic changes. These data suggest that shedding of HB-EGF by ADAM12

@ © 2002 Nature Publishing Group http://medicine.nature.com

plays an important role in cardiac hypertrophy, and that inhibition of HB-EGF shedding could be

a potent therapeutic strategy for cardiac hypertrophy.

Cardiac hypertrophy is an adaptive response of the heart that oc-
curs in various cardiovascular diseases', but prolonged hypertro-
phy typically culminates in chronic heart failure or sudden
cardiac death’. Elucidation of the mechanisms underlying cardiac
hypertrophy is thus important to the field of cardiovascular biol-
ogy, and may lead to new strategies for the prevention or treat-
ment of cardiovascular diseases.

Vasoactive molecules such as phenylephrine (PE}, angiotensin
1f {(Ang i) and endothelin-1 (ET-1) are well-known inducers of car-
diemyocyte hypertrophy®®, and inhibition of their actions can be
beneficial for the treatment of chronic heart failure following car-
diac hypertrophy®”. Al! of these molecules bind to G-protein-cou-
pled receptors (GPCRs), and there is a common cellular response
to the activation of such receptors that includes an increase in
protein synthesis concomitant with an increase in cell size, induc-
tion of immediate early genes and reactivation of fetal genes® °.
The similarity of the response to different agents suggests that the
initial signaling pathways triggered by different GPCR agonists
converge on a common downstream pathway that leads to cardiac
hypertrophy.

Transactivation of the epidermal growth factor receptor {(EGFR}
has a role in GPCR-mediated signal transduction in various
cells™ '*. Transactivation of EGFR is mediated, at least sometimes,

* JANUARY 2002
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by the EGFR ligand heparin-binding EGF (HB-EGF). which is
cleaved from its membrane-anchored form {(proHB-EGF) by a spe-
cific metalloproteinase. If ectodormnain shedding of proHB-EGF is
required for GPCR signaling in various cell types, a neutralizing
antibody for HB-EGF or specific inhibitors of proHB-EGF shedding
might be used therapeutically to block pathological signialing via
GPCRs. Here we show that transactivation of EGFR by trruncated
HB-EGF occurs in cardiomyocytes, and that a disintegrin and met-
alloprotease 12 (ADAM12) is a2 key metalloproteinase in this path-
way. Recently, there have been several reports indicating
beneficial effects of matrix metalloproteinase (MMP) inhibitors on
heart failure'*. We hypothesized that such beneficial effects of
metalloproteinase inhibitors are at least partially mediated by an-
tagonism of GPCR signaling via the ADAM12-mediated shedding
of HB-EGF in cardiac cells, particularly cardiomyocytes.

EGFR transactivation by hypertrophic stimuli

To assess the ability of HB-EGF to stimulate tyrosine phosphoryla-
tion of EGFR, we treated cultured rat nconatal cardiomyocytes
with recombinant HB-EGF (1 x 10 * M). Cells were lysed at speci-
fied times, after which the lysates were immunoprecipitated with
antibody against EGFR and probed with an anti-phosphotyrosine
antibody (4G10). Phosphorylated EGFR (170 kD) was clearly seen
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