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Cardiac hypertrophy is inhibited by antagonism of
ADAMI12 processing of HB-EGF: Metalloproteinase
inhibitors as a new therapy
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G-protein-coupled receptor (GPCR) agonists are well-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 metatloprotease 12 (ADAM12) as a specific enzyme to shed HB-EGY 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 hypertraphic changes. These data suggest that shedding of HB-EGF by ADAM12
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 varlous cardiovascular diseases', but prolonged hypertro-
phy typlcally culminates In chronic heart failure or sudden
cardiac death?, Elucidation of the mechanisms underlying cardiac
hypertrophy is thus fmportant 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
II (Ang IT) and endothelin-1 (ET-1} are well-known inducers of car-
diomyocyte hypertrophy®$, and inhibition of their actions can be
beneficial for the treatment of chronic heart failure following car-
diac hypertrophy®’. All 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 epidermnal growth factor receptor (EGFR)
has a role in GPCR-mediated signal transduction in various
cells'® ", Transactivation of EGFR is mediated, at least sometimes,
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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 ectodomain shecding 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 signaling via
GPCRs. Here we show that transactivation of EGFR by truncated
HB-EGF occurs in cardiomyocytes, and that i disintegrin and met-
alloprotease 12 (ADAM12} is a key metalloproteinase in this path-
way. Recently, there have been several reports indicating
beneficial effects of matrix metalloproteinas: (MMP) inhibitors on
heart failure's, We hypothesized that such beneficial effects of
metalloproteinase inhibitors are at Jeast par:ially mediated by an-
tagonism of GPCR signaling via the ADAMI.2-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 trcated cultured rat neonatal 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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Fig. 1 Effects of KB-R7785 and HB-EGF neutralizing antibedy on EGFR
transactivation and protein synthesis induced by GPCR agonists in car-
diomyocytes, EGFR tyrosine phosphorylation in cultured cardiomyocytes
was detected by blotting with a monoclonal antibody against phospha-
tyrosine, 4G10 {upper panels), or with antibody against EGFR {lower
panels}. &, Tyrosine phosphorylation of EGFR activated by HB-EGF for
the indicated times. b, Tyrosine phosphorylation of EGFR after treatment
with or without indicated agents. &, d and f, Tyrosine phosphorylation of
EGFR activated by HB-EGF or GPCR agonists after preincubation with or
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without KB-R7785 (¢), the neutralizing antibody #19 against HB-EGF
(d), or OSU7-6 or OSUS-6 (f). e I[n protein synthesis experiments,
cardiomyocytes were exposed to the indicated agents for 18 h after
preincubation for 30 min with KB-R7785 or antibody #19, or after no
treatment. Protein synthesis was determined by the incorporation of
[*H)leucine after M, no treatment; B, KB-R7785; O, #19, Results {mean +
s.e.m,, n = 3) are expressed relative to control values for celis not ex-
posed to any agents and nat preincubated with any inhibitor or anti-
body. *, P < {$.05 versus control cells.

from five minutes after HB-EGF treatment (Fig. 13). Next we ex-
amined whether GPCR agonists transactivated EGFR in cardiomy-
ocytes. When cardiomyocytes were treated with physiclogical
concentrations of PE (1 x 10% M), Ang I {1 x 10® M) or ET-1 (1 x
107 M) for five minutes, significant enhancement of EGFR phos-
phorylation was induced by al! three agonists (Fig. 15}.

EGFR transactivation by the released ectodomain of HB-EGF

To investigate whether metalloproteinases were involved in EGFR
transactivation in cardiomyocytes by GPCR agonists, we exam-
ined the effect of a new metalloproteinase inhibitor, KB-R7785.
From over 2,000 metalloproteinase inhibitors, we selected KB-
R7785 as one of the most potent in-
hibitors of HB-EGF shedding in a

min abrogated the tyrosine phosphorylation of EGFR by PE, Ang I
and ET-1, whereas EGFR activation by HB-EGF was unaffected
(Fig. 1¢). The HB-EGF neutralizing antibody (#19} also inhibited
the tyrosine phosphorylation of EGFR by PE, Ang Il and ET-1 (Fig.
1d), indicating that release of soluble HB-EGF by metallopro-
teinascs after GPCR stimulation was responsible for EGFR transac-
tivation.

Effect of HB-EGF on protein synthesis in cardiomyocytes

The exposure of cultured cardiomyocytes to PE, Ang IT or ET-1 in-
creased total protein synthesis, a typical hypertrophic response.
HB-EGF also stimulated [*H]leucine uptake in cardiomyocytes to

growth factor-alkaline phosphatase
(AP) tag assay'. Table 1 shows the

Table 1 Inhibitory activity of KB-R7785

KB-R7785

specificity of this compound: KB-
R7785 inhibited HB-EGF shedding
at a lower ICy, than that for other
growth factors of the EGF family or
tumor necrosis factor-a (TNF-0}. In
this study, the KB-R7785 concen-

™ HB-EGF AR
0.23

Cell assay ® Peptide assay "
1Csp (IM) I Cep (M)

TGF-a  TNF-ut MMP-1 MMP-3 MMP-9 TACE
076 2.01 4.50 0.30 3.00 0.30 9.60

tration (1 x 105 M) was selected to
obtain relatively specific inhibition
of HB-EGF shedding. Preincubation
with KB-R7785 (1 x 10° M) for 30

@, Inhibitory activities of the cornpounds were measured by using HT1080 transfectants. Each value was the mean of 5 time measurements.
b, Inhibitory activities of the compounds for MMP-1 and MMP-9 were measured by using FITC-collagen and FITC-gelatin as the substrate,
respectively’s, IC 5 values were calculated by the probit method from concentraticn-% inhibition curves, ©,Since TNF-t is processed by
TACE, the difference of IC_, values estimated by cell assay and peptide assay indicates ~470-Toki dilference of their sensitivities.
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