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Protects Against Ischemia-Reperfusion Injury in
Mouse Heart
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Background—IGF-1 has been shown to protect myocardium against death in animal models of infarct and ischemia-
reperfusion injury. In the present study, we investigated the role of the IGF-1-regulated protein kinase Akt in cardiac

myocyte survival in vitro and in vivo.

Methods and Results-IGF-1 promoted survival of cultured cardiomyocytes under conditions of serum deprivation in a
dose-dependent manner but had no effect on cardiac fibroblast survival. The cytoprotective effect of IGF-1 on
cardiomyocytes was abrogated by the phosphatidylinositol 3-kinase (PI 3-kinase) inhibitor wortmannin. Wortmannin
had no effect on cardiomyocyte viability in the absence of IGF-1. IGF-1-mediated cytoprotection correlated with the
wortmannin-sensitive induction of Akt protein kinase activity. To examine the functional consequences of Akt
activation in cardiomyocyte survival, replication-defective adenoviral constructs expressing wild-type, dominant-

negative, and constitutively activAkt genes were constructed. Transduction of dominant-negatkteblocked

IGF-1—-induced survival but had no effect on cardiomyocyte survival in the absence of IGF-1. In contrast, transduction

of wild-type Akt enhanced cardiomyocyte survival at subsaturating levels of IGF-1, whereas constitutivelyfdttive

protected cardiomyocytes from apoptosis in the absence of IGF-1. After transduction into the mouse heart in vivo,

constitutively activeAkt protected against myocyte apoptosis in response to ischemia-reperfusion injury.

Conclusions—These data are the first documentation that Akt functions to promote cellular survival in vivo, and they
indicate that the activation of this pathway may be useful in promoting myocyte survival in the diseased heart.

(Circulation. 2000;101:660-667.)
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yocyte loss, both necrotic and apoptotic, is a feature of a number of downstream targets, including the Akt proto-

many heart pathological conditiohsBecause adult  oncogené? a serine/threonine protein kinase that is activated
cardiomyocytes possess minimal capacity to reenter the cellby the inositol lipid products of the PI 3-kinase reactién.
cyclez2 the control of myocyte loss through suppression of Activation of Akt has been shown to promote survival of
cell death pathways represents a logical strategy to preventsome cell types, including neurons and lymphocyte
heart failuret® It has been shown that transgenic mice other cell types, however, activation of Akt or inhibition of P!
overexpressing insulin-like growth factor-1 (IGF-1) display 3-kinase has no effect on survivdlHere, we investigated the
less myocyte apoptosis after myocardial infarction and have role of PI 3-kinase—dependent activation of Akt in IGF-1—

reduced wall stress and ventricular dilatatfoiGF-1 admin- mediated Cardiomyocyte survival in culture and tested
istered to rats also reduces myocardial apoptosis and injury inyhether constitutive activation of Akt could protect myocytes
response to ischemia followed by reperfusioMore re- in vivo from reperfusion injury.

cently, it has been shown that IGF-1 functions as a cell

survival factor for cultured cardiac myocytes exposed to Methods

doxorubicin in the absence of seré@ntherefore, analysis of
the IGF-1 signaling pathways, especially with respect to cell R€2gents, Cell Culture, and Akt Assays

survival, may lead to the development of clinical strategies to 'CF-1 Was purchased from Gibco BRL. Wortmannin was obtained
. from Sigma. Anti-Akt antibody and its corresponding immunogenic
treat heart disease.

. . . . . peptide came from Santa Cruz Biotechnology. Anti-hemagglutinin
IGF-1 stimulates several signaling pathways, including (HA) antibodies were from Boehringer Mannheim or Santa Cruz.
phosphatidylinositol (PI) 3-kinaselikewise, Pl 3-kinase has  Anti—g-galactosidase antibody was from Chemicon. Protein
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G-agarose was purchased from Boehringer Mannheim. Peroxidase-TUNEL to detect apoptotic cells according to the manufacturer’'s
conjugated anti-mouse IgG was obtained from Amersham Life protocol (Boehringer). Secondary antibodies labeled with rhodamine
Science. Primary cultures of neonatal cardiac myocytes were pre- (Pierce) were used for the detection of HA-Akt—positiveBegalac-
pared as described previouslfZultures were enriched with cardiac  tosidase—positive cells. Myocyte identity was indicated by staining
myocytes by preplating for 60 minutes to eliminate fibroblasts. More with anti-e-sarcomeric actin antibody, by use of Cy5-labeled sec-
than 90% of the cells were identified as cardiac myocytes by ondary antibody (Accurate Chemical and Scientific Corp). Alterna-
immunocytochemistry with anti-sarcomerig-actin (Sigma). At- tively, sections were stained with X-gal. For animals subjected to
tached cells were passaged once and used as the fibroblast fractionischemia-reperfusion injury, sections corresponding to the left ven-
Cell viability was determined with the trypan blue exclusion assay.  tricular free wall were analyzed by first viewing the fluorescein
Surviving cell number is expressed relative to the initial cell number. channel to locate the region of injury as indicated by TUNEL-
Alternatively, cells were scored for condensed or pyknotic nuclei positive nuclei. TUNEL-positive microscopic fields were then as-
after fixation in 3.7% formaldehyde and staining with Hoechst sessed for cells staining positive for HA-Akt @-galactosidase
33342. In some assays, cells were pretreated with wortmannin for 30 transgenes. Once transgene-positive high-power field©0) were
minutes and incubated in the medium containing wortmannin in the identified, all myocytes within the field~200) were scored for
presence or absence of IGF-1. Dimethyl sulfoxide was used as thetransgene expression and TUNEL staining. Two or 3 randomly
vehicle for the wortmannin at a concentration of 0.1% (vol/vol). chosen transgene-positive, high-power fields were examined for
Control cultures received the vehicle alone. Akt kinase assays Were o5ch mouse. The percentages of transgene-positive and -negative
performed on anti-Akt or anti-HA immunoprecipitates from cell myocytes that were TUNEL-positive were compared in each group
lysates as described previously with histone H2Bmmunoblots to assess whether adenovirus-mediatgaAktgene delivery inhib-
were performed as described previously. ited ischemia-reperfusion—induced myocyte apoptosis in vivo. For
. sham-operated animals, sections of the left ventricular wall were first
DNA Ladder and TUNEL Analyses With scored for HA-tagged Akt, then for TUNEL staining in sections
Cultured Myocytes corresponding to the left ventricular free wall. A separate group of
DNA ladder experiments were performed as described previddisly. mice was subjected to sham operation, coronary occlusion, or
In brief, DNA was purified by the Nal method after treatment with  coronary occlusion followed by reperfusion. Regions of myocardial
proteinase K and RNase A. DNA (J0y) was separated on agarose perfusion under each condition were assessed by staining with Evans
gel electrophoresis. For immunofluorescent microscopy, cells were blue dye (Sigma) as described previously.
fixed with 3.7% formaldehyde in PBS for 20 minutes. After 2 washes
with PBS, cells were permeabilized with 0.2% Triton X-100 and Statistical Analysis

washed 3 more times with PBS. After incubation with the first A} yata were evaluated with a 2-tailed, unpaired Studertest and

antibody (antie-sarcomeric actin, Sigma) at 37°C for 60 minutes, o, essed as the meaSEM. A value ofP<0.05 was considered
cells were washed 3 times in PBS, then incubated with secondary significant

antibody (rhodamine-labeled anti-mouse IgG, Pierce) at 37°C for 60
minutes. This was followed by staining with Hoechst 33342. Finally, R |
terminal deoxynucleotidyl transferase (TdT)-mediated dUTP nick esults

end—labgling (TUNEL) stgining was performed for gletection of |GF-1 Protects Cardiac Myocytes Under
?ggephtrci)rt]lgergzlells according to the manufacturer’s protocol Conditions of Serum Deprivation

Serum deprivation induces apoptosis in cultured cardiomyo-
Adenoviral Constructs cytes®1® To document the cytoprotective effects of IGF-1
Wild-type, dominant-negative, and constitutively active forms of under the conditions of our assays, neonatal rat cardiac
murine Akt tagged with the HA epitope were constructed as myocytes were cultured in serum-free medium in the pres-
described previousle The dominant-negativ@kt mutant (Adeno- ence or absence of IGF-1, and cell viability was determined

dnAkt) has alanine residues substituted for threonine at position 308 . . . . .
and serine at position 473. The constitutively actAet (Adeno- by trypan blue exclusion at various time points (Figure 1A).

myrAkt) has the csrc myristoylation sequence fused in frame to the  In the absence of IGF-1, cardiac myocyte cultures displayed
N-terminus of the wild-typeAkt coding sequence that targets the atime-dependent decrease in viability witb0% loss of live

fusion protein to the membrane. Viral vectors expressing wild-type g||g by 72 hours. However, cardiac myocyte viability was
(wtAkt) or mutantAkt genes or lacZ (Adenggal) from the CMV intained in th fIGE-1. 1 trast to th

promoter were purified by CsCI ultracentrifugation. Myocytes were maintaine "? € presence o - I contras O, €
plated in M199 containing 10% FCS overnight and then incubated Myocyte fraction of cells, passaged nonmyocyte cells (fibro-

with adenovirus vector at a multiplicity of infection (MOI) of 25in  blasts) prepared from neonatal heart were resistant to death
M199 containing 2% FCS. After an overnight incubation, the virus induced by serum deprivation (Figure 1B). The insensitivity
was removed and cells were cultured in serum-free M199. of cardiac fibroblasts to serum deprivation—induced cell death

Adenovirus Transduction In Vivo, Transgene has been reported previouSI%/.Cardiomyo_cyte protection

Detection, TUNEL, and Evans Blue Staining was dependent on _the dose of IGF-1 (Figure 1C). I_GF-l—
Eleven C57BL/6J mice 6 to 8 weeks old were anesthetized with induced cytoprotection was abrogated by treatment with 200
methoxyflurane and ventilated with a rodent respirator attached to a nmol/L wortmannin (Figure 1D), suggesting that the survival
nose cone. A mixture of Adeno-myrAkt ¥6L0" pfu/mouse) plus  effects of IGF-1 are regulated by effector proteins down-
Adenoggal (1x10' pfu/mouse) or Adengggal (7x 10" pfulmouse) — gyream of PI 3-kinase. In the absence of IGF-1, wortmannin

alone in 15uL of PBS with 10% glycerol was quickly injected into . L . .
the apex and anterolateral wall of the heart with a 26-gauge né&edle. had no effect on cardiomyocyte viability. To provide addi-

Twenty hours later, animals were subjected to sham operation or left tional evidence that these treatments influence cell death,
coronary artery occlusion for 45 minutes, followed by 4 hours of cultures were fixed and stained with Hoechst 33342 to assay
reperfusion. Hearts were frozen immediately after euthanasia, andfor chromosomal condensation, one indicator of apoptosis.
10-um sections were prepared with a Microm HM505E (Zeiss). - ' . . .

Sections were fixed with 4% paraformaldehyde in PBS for 15 IGF-1 suppressed the |nC|de_nce O_f pyknotic nUde"_ and this
minutes and stained with Hoechst 33342 and anti-HA or gati-  €ffect was reversed by the inclusion of wortmannin in the

galactosidase antibody. The same sections were also stained withculture medium (not shown).
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minutes. Cell lysates were prepared and immunoprecipitated
with an antibody specific for Akt in absence or presence of
competitor peptides (Comp). Immunoprecipitated kinase activity
was measured with histone H2B as a substrate. B, Activation of
Akt by IGF-1 is blocked by wortmannin. Cells were pretreated
with wortmannin (Wort, 200 nmol/L) and stimulated with IGF-1

Figure 1. IGF-1 mediates cardiomyocyte survival in a
wortmannin-sensitive manner. A, Time course of cell survival
effects of IGF-1 on cardiac myocytes. Cardiac myocytes were
incubated with (@) or without (O) 50 ng/mL of IGF-1 under

serum-deprivation conditions for the indicated times, and surviv-
ing cells were counted by the trypan blue exclusion assay. B,
IGF-1 has no effects on the viability of nonmyocyte cells under
serum-depleted conditions. Serum-deprived non-cardiac myo-
cyte culture was incubated in the presence (+) or absence (—)
of IGF-1 (50 ng/mL) for 72 hours, and viable cells were counted
by trypan blue exclusion assay. C, IGF-1 promotes myocyte
survival in a dose-dependent manner. Cardiac myocytes were
cultured with the indicated concentrations of IGF-1 in the
serum-deprivation medium for 72 hours, and cell viability was
determined by trypan blue exclusion assay. D, IGF-1-mediated
myocyte survival is inhibited by wortmannin. Cardiac myocytes
were cultured in presence of indicated concentrations of wort-
mannin (Wort) with or without IGF-1 (50 ng/mL) for 72 hours,
and surviving cell number was analyzed by trypan blue meth-
ods. All assays were performed in quadruplicate, and data are

(50 ng/mL) for 15 minutes. Akt kinase activity was measured as
described in A.

Adenoviral Transfection of Wild-Type,
Dominant-Negative, or Constitutively Active Akt

in Cultured Cardiomyocytes

To determine the functional significance of Akt activation in
IGF-1-stimulated cardiac myocyte cultures, replication-
defective adenoviral vectors expressing wild-type and mutant
forms of Akt fused to the HA epitope were constructed
(Figure 3A). The mutant Akt (T308A, S473A) cannot be
activated by phosphorylatiott, and it functions in a
dominant-negative mann&t. Cardiac myocytes were in-

shown as mean=SEM. fected overnight with adenovirus vectors at an MOI of 25,

and expression of exogenous Akt proteins was demonstrated
Wortmannin-Sensitive Activation of Akt by IGF-1 by Western immunoblot analysis with anti-HA antibody
Akt activity was determined in cultures of serum-deprived (Figure 3B). To analyze the kinase activities of adenovirally
cardiac myocytes in the presence or absence of IGF-1. Akt encoded Akt proteins, parallel serum-deprived cultures were
protein kinase activity was assessed in immunoprecipitates ofincubated in the presence or absence of IGF-1. Specific Akt
lysates of cultured cardiomyocytes with an antibody that protein kinase activity was detected in extracts from cells
reacts specifically with Akt but not Akt2, which is also infected with the wild-type Akt vector in the presence, but not
expressed in the he@tlmmunoprecipitated Akt activity was  the absence, of IGF-1 stimulation (Figure 3C). The vector
assayed with histone H2B as substrate. In addition, cell expressing dominant-negative Akt was inactive with regard
lysates were immunoprecipitated with anti-Akt antibody in to kinase activity. In contrast, cells infected with the vector
the presence or absence of the immunogenic competitorexpressing constitutively active Akt displayed high levels of
peptides. Akt-associated phosphorylation of histone H2B was kinase activity in the presence or absence of IGF-1.
induced by IGF-1 (Figure 2A). The IGF-1-induced kinase  Cardiac myocyte cultures were infected with an adenoviral
activity was largely attributable to Akt, because kinase vector expressing dominant-negative Akt mutant to test
activity was reduced when lysates were immunoprecipitated whether Akt is essential for IGF-1-mediated survival. Infec-
in the presence of the immunogenic competitor peptide. The tion with the dominant-negative Akt vector largely eliminated
effect of wortmannin on IGF-1-induced Akt activity was also the increase in cell survival resulting from the inclusion of 25
analyzed. Inclusion of 200 nmol/L wortmannin in the culture or 50 ng/mL IGF-1 in the culture medium (Figure 4A). In the
medium completely blocked IGF-1-activated Akt kinase absence of IGF-1, Adeno-dnAkt did not affect cardiomyocyte
activity (Figure 2B). These data suggest that Akt acts down- survival, indicating the specificity of dnAkt action. The
stream of PI 3-kinase in response to IGF-1 in cardiomyocytes. control adenoviral construct expressingrgalactosidase
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MW  f-gal wtAkt dnAkt myrAkt Assays were performed in quadruplicate, and data are demon-
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Figure 3. Adenovirus constructs expressing Akt molecules. A,
Structures of replication-defective adenovirus vectors express-
ing wild-type (wtAkt), dominant-negative (dnAkt), or constitu-

tively active (myrAkt) Akt fused to HA. B, Adenoviral constructs

Constitutively active Akt protects cardiomyocytes from apopto-
sis. Cardiac myocytes were transfected with B-gal or constitu-
tively active Akt (myrAkt). Cells were cultured in serum-deprived
condition for 48 hours, and DNA fragmentation was analyzed. M
indicates marker of 123-bp DNA ladder.

express comparable levels of transgene proteins. Cardiomyo-
cytes were transfected with adenovirus vector at MOI 25. Cell
lysates were prepared and protein concentrations determined.
Proteins (10 ng) were immunoblotted with anti-HA antibody.
Adenoviral vector encoding B-galactosidase (8-gal) was used as
a negative control. C, Kinase activities of adenovirally encoded
Akt proteins. Cardiac myocytes were infected with adenovirus
vectors and stimulated with IGF-1 (50 ng/mL) for 15 minutes.
Cell lysates were immunoprecipitated with anti-HA antibody and
assayed for kinase activities.

myocyte cultures infected with Adenggal displayed the
nucleosome spacing ladder after gel electrophoresis that is
indicative of apoptosis (Figure 4C). This DNA ladder was
diminished, but not eliminated, in serum-deprived cultures
infected with Adeno-myrAkt, suggesting that this agent
inhibits apoptotic cell death in the absence of exogenous
IGF-1 stimulation.

TUNEL analyses were performed to examine the effects of
(Adenogal) had no detectable effect on myocyte viability. the different Akt-expressing adenovirus vectors on cardio-
Furthermore, infection with Adeng@gal did not affect Akt myocyte survival in vitro. Cells were infected with the
activity in cardiomyocytes (data not shown). indicated adenovirus vector or mock-infected overnight, and

To investigate the consequences of Akt overexpression onthen cultured in the serum-depleted medium in the presence
myocyte survival, cells were transfected with adenoviral Of the indicated concentrations of IGF-1 for 48 hours (Figure
vectors expressing W||d-type Akt OB-ga|actosidase and 5) ApOptOtiC cells were identified by TUNEL and Hoechst
cultured without serum in the absence or presence of IGF-1. Staining, and staining with an-sarcomeric actin was per-
Overexpression of wild-type Akt had no significant effect on formed to confirm myocyte identity (Figure 5A). As shown in
survival in the absence of IGF-1, but cell survival was Figure 5B, increasing concentrations of IGF-1 reduced the
promoted by Akt overexpression in the presence of a sub- Téduency of myocyte apoptosis in mock- and Adeggal-

saturating concentration of IGF-1 (Figure 4B). At higher gan;fected cells. leiecéilonkvgthhadenovirqs exf?ressin?
IGF-1 concentrations, overexpression of Akt had little or no | C(s)lr:m{]a:nt]:netgatlve.th t d ocke the proFectlvgl det eCtSAk(i
effect on cell viability (not shown). These data show thkt L. Intection with adenovirus expressing wild-type
4 - facilitated IGF-1-mediated cardiomyocyte survival at low
gene transfer enhances the survival effects of IGF-1, indicat- . . . X )
ing that Akt is a critical factor in survival of cardiac myocytes IGF-1 c_oncentra_t ons, whe_reas infection with adenovirus
der th diti expressing constitutively active Akt reduced the frequency of
unﬂe}:r f?se corf1 mons. - | Ve Ak di myocyte apoptosis in the absence of IGF-1 or at low
e effects of constitutively act|ve. tqn cardiomyocyte concentrations of IGF-1. Of note, Adeno-myrAkt did not
cultures were also assessed. Infection with Adeno-myrAkt poye an additive effect on survival at saturating IGF-1 (50
produced cell-shape changes similar to those reported innq/m ) suggesting further that Akt activation is an integral
stably transfected PAE ceR8.These cell-shape changes featyre of the IGF-1 survival pathway in cardiomyocytes.
obscured assessments of viability with the trypan blue exclu-
sion assay or staining with Hoechst 33342 to detect nuclear Constitutively Active Akt Protects Myocardium
condensation. Thus, DNA fragmentation was assessed inFrom Apoptosis After Reperfusion Injury
cultures infected with Adeno-myrAkt or the control vector Reperfusion of ischemic myocardium is reported to acceler-
Adenogal. DNA prepared from serum-deprived cardio- ate myocyte apoptostd,and IGF-1 can protect myocardium
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Figure 5. Akt is necessary and sufficient for IGF-1-mediated myocyte survival. A, Representative image of TUNEL (TNL)-positive car-
diac myocytes in culture. Cardiac myocytes were cultured in absence of serum for 48 hours. Cells were stained with Hoechst, TUNEL,
and anti-a-sarcomeric actin antibody. B, Effects of Akt-expressing adenovirus vectors on cardiac myocyte survival. Cultured cells were
infected with mock (no virus) or adenovirus vectors expressing B-galactosidase, wild-type, dominant-negative, or constitutively active
Akt (B-gal, wtAkt, dnAkt, and myrAkt, respectively). After infection, cells were cultured in presence of indicated concentrations of IGF-1
for 48 hours. Myocyte viability was assessed by staining with Hoechst and TUNEL. Cultured cells were identified as cardiomyocytes by
staining with anti-a-sarcomeric actin antibody. Data are shown as mean+SEM (n=4).



Fujio et al Adeno-Mediated Akt Transfer and Cardiomyocyte Survival 665

A B

LCA occlusion

area at risk

TNL/HA/ ¥ NS
e v
AR 53
Tl 8.%10- J
EE 5[ -
¥ -+ - +

HA-Akt p-gal

Sham Ischemia/
Reperfusion

Figure 6. Adenovirus-mediated transfer of constitutively active Akt gene confers resistance to apoptosis in myocytes subjected to is-
chemia-reperfusion injury in vivo. A, Schematic of virus injection site relative to site of left coronary artery (LCA) occlusion and area at
risk. B, Transverse heart section in which area at risk is demarcated by absence of Evans blue staining. Dye was injected retrogradely
through aorta after 4 hours 45 minutes of LCA occlusion. Note that area at risk is restricted to left ventricular free wall. Animals sub-
jected to sham operation or to 45 minutes of ischemia followed by 4 hours of reperfusion exhibited uniform Evans blue staining. Blue
sutures are apparent. Virus injection site is indicated by arrow. C, Section from a heart injected with Adeno-Bgal and stained for LacZ
activity illustrating that myocytes adjacent to needle track (note tissue damage) can be successfully transduced. Similar results were
obtained with hearts injected with Adeno-myrAkt as indicated by HA staining. D and E, Adeno-myrAkt protects myocytes from ische-
mia-reperfusion injury. Representative section from a heart injected with Adeno-myrAkt 20 hours before being subjected to 45 minutes
of ischemia and 4 hours of reperfusion in vivo. Myr-Akt-positive cells are indicated by red staining (E). Apoptotic nuclei are shown by
TUNEL (TNL) staining (green in D and E). Total nuclei were demarcated by Hoechst 33342 (blue in E). Arrowheads in E indicate TUNEL-
positive nuclei seen in D. F, Quantitative analysis of cardioprotective effects of myrAkt. Percentage of TUNEL-positive nuclei in
transgene-positive (+) and adjacent transgene-negative (—) myocytes were compared in randomly chosen fields that contained ~200
myocytes each. Myocytes that expressed myrAkt (HA-positive) exhibited significantly fewer TUNEL-positive nuclei than those that did
not express myrAkt (HA-negative). In contrast, percentages of TUNEL-positive myocyte nuclei were similar in myocytes that were
B-gal-positive or B-gal-negative. Myocyte identity was assessed by staining with anti-a-sarcomeric actin antibody (*P<<0.05; ND indi-
cates no TUNEL-positive cells detected).

under these conditionsThus, we investigated whether ex- injected with Adeno-myrAkt or the AdenBgal control
pression of constitutively active Akt could protect murine vector 20 hours before ischemia-reperfusion injury or sham
myocardium from reperfusion injury (Figure 6A). In this operation. Sections of heart were analyzed for transgene
model, adenoviral constructs were injected directly into the expression by immunohistochemical detection of the HA
apical and anterolateral free wall of the heart, a region that epitope (myrAkt) or p-galactosidase, and cell death was
shows a large perfusion defect after occlusion of the left assessed by TUNEL staining (Figure 6D and 6E). Cells with
coronary artery as determined by staining with Evans blue apoptotic nuclei were identified as cardiac myocytes by
dye (Figure 6B). Evans blue staining was uniform after staining with antiw-sarcomeric actin antibody (not shown).
removal of the ligature, consistent with restored perfusion High-power microscopic fields<200 Hoechst-positive myo-
(not shown). Direct adenovirus injection resulted in transgene cytes per field) were identified that contained transgene-
expression localized to cells adjacent to the track of the positive cells. Systematic analyses of these fields revealed
needle and confined to myocardium subject to hypoperfusion that myocardial cells expressing HA-tagged myrAkt dis-
(Figure 6C). To examine the effects of constitutive Akt played significantly fewer TUNEL-positive nuclei than im-
expression on myocyte viability in vivo, mouse hearts were mediately adjacent cells that were negative for transgene
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expression (Figure 6F). In contrast to cultured myocytes, no myocardial infarction, thereby reducing patient mortadity.
obvious morphological alterations were apparent in the cells Like IGF-1, insulin can activate Akt through its interaction
expressing myrAkt (not shown). Mouse hearts injected with with the IGF-1 receptot! Therefore, Akt may function at a
Adenofgal and subjected to ischemia-reperfusion injury nodal point to coordinate growth factor signaling with myo-
displayed no differences in TUNEL-positive staining be- cyte survival and thus may represent a logical target for
tween cells that were positive or negative galactosidase  pharmacological or genetic therapies to promote myocyte
transgene expression (Figure 6F). TUNEL-positive cells were survival during heart failure.

not identified in either HA-myrAkt—positive or —negative
cells of sham-operated animals.
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Here, we report that IGF-1-mediated survival correlates with
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death.
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that insulin administered with glucose and potassium (GIK g

therapy) can slow the rate of ischemic cell death after acute
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