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Abstract : From the report about the feature of cause of death in Japanese diabetics, the

number of patients who died from coronary artery disease is decreasing. However, the number of
patients who died from heart failure have not decreased yet. It is also known that the risk of
hospitalization from heart failure increase in diabetic patients except the influence of coronary
heart disease. These facts suggest that diabetes can influence not only vascular disorder but also
energy metabolism of cardiomyocytes.

Generally, hyperinsulinemia, which is a major feature of type 2 diabetes, strengthens insulin
signaling in various tissues, that results in atherosclerosis, cardiac hypertrophy and heart failure.
However, not only diet-induced obese mice and hereditary obese diabetic model mice but also
insulin ablated model mice can proceed heart failure. Because of insulin resistance in
cardiomyocytes, one of the common features of these mice is inhibition of phosphorylation of Akt in
cardiomyocyte. Therefore, we focused on the role of Akt in cardiomyocyte in heart failure with
diabetes.

First, we generated muscle-specific Akt1 knock-out mice, and muscle-specific Akt2 knock-out
mice. These mice grew normally, but muscle-specific Akt1/2 double knock-out mice (mDK(Akt1/2))
died 4-5 weeks-old with a large amount of pleural fluid.

mDK(Akt1/2) showed remarkable thinning of ventricle, and reduced fractional shortening in
ultrasonography, therefore it was supposed that mDK(Akt1/2) mice died from severe heart failure.
Heart weight was remarkably low and increased expression of ANP, MHC 8 was found in qPCR
analysis. Microarray analysis suggested reduced expression of mitochondrial complex factor, and
gPCR analysis revealed reduced expression of many genes which code mitochondrial respiratory
chain complex I-V. Mitochondrial DNA copy number was reduced in mDK(Akt1/2) ventricles, and
observation by electron microscope revealed cristae edema and decreased density of mitochondria.
Mitochondrial complex activity assay revealed that activity of complex I, II, III was significantly
impaired in whole heart lysate of mDK(Akt1/2). These data suggest Akt supports quantity and
quality of mitochondria in cardiomyocytes.

It is well known that the two of major factors that transduce Akt signal were mTOR, and FoxO
transcription factor. Therefore, we proceed genetic ablation of negative regulator of these signals,
TSC2 and FoxO1/4 respectively (mTK(Akt1/2 TSC2), mQK(Akt1/2 FoxO1/4)).

mTK(Akt1/2 TSC2) survived for 150 days, and heart weight and mitochondrial copy number in
ventricle significantly improved. Ultrasonography revealed that significant improvement of wall
thickness and fractional shortening, and HE-staining and electron microscope observation showed
remarkable improvement.

The phenotype of mQK(Akt1/2 FoxQ1/4) was mild compared with mTK , but survival period of
mQK(Akt1/2 Fox01/4) was longer than mDK(Akt1/2) and fractional shortening improved
significantly. We are now generating muscle-specific Akt1/2 Fox01/4 TSC2 deficient mice.
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