A Single-Use,
Centrifugal Type Assist Heart with Excellent Durability and Biocompatibility

Autophagy Suppresses Spontaneous Tumor Formation
WHILE ALL COMPONENTS of our

However, the long-term effect of de-

bodies are constitutively synthesized,

fects in autophagy in vivo has never been

eliminated. Whole organisms and even

cell culture and allografted tumor models

they are also constitutively degraded or
individual cells can maintain their func-

tion and freshness through recycling
their own constituents (e.g. proteins and

organelles) and can adapt to various internal and external changes.

Macroautophagy, which is usually

called “autophagy”, is one of the major

degradation pathways in the cell along
with the ubiquitin-proteasome system. In

has suggested that autophagy is also in-
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results from currently available in vivo

While we have shown that autophagy

systematically analyzed. Evidence using

volved in tumor suppression. However,

models have been limited. Because sys-

can be a tumor suppressor, other studies

embryonic or neonatal lethality, the role

could support tumor progression and

temic deletion of autophagy genes causes
of autophagy in tumor suppression has
never been tested in vivo.

To overcome these limitations, we gen-

autophagy, intracellular components are

erated mice with systemic mosaic dele-

degraded upon fusion with lysosomes.

ulation of cells were autophagy-defective

sequestered by autophagosomes and then
Using autophagosome-indicator mice

(GFP-LC3 transgenic mice) and conventional ATG5 knockout mice, we have
shown that autophagy is up-regulated

during starvation and is critically impor-

tant for maintenance of the amino acid
pool. Autophagy is also essential for pre-

implantation development as the amino
acid supplying system and for intracellular protein quality control, which has been

suggested by studies using oocyte- and

neural cell-specific ATG5 knockout mice,

tion of ATG5, in which only a small pop-

in every tissue. These mice are viable for
more than 19 months and develop multiple benign tumors only in the liver. Swol-

len mitochondria and oxidative stress and
genomic damage responses were detected
in the hepatic tumor cells. Liver-specific

ATG7 deficient mice also developed liver
tumors, but their size was reduced by

concomitant knockout of the p62 gene
(collaboration with Dr. Masaaki Komat-

su, Tokyo Metropolitan Institute of Medical Science). Our study suggests that con-

respectively. Furthermore, autophagy is

tinuous autophagy is important for

blasts and adipocites, elimination of intra-

mitochondria and p62, and thereby for

important for differentiation of erythrocellular microbes, and presentation of cytoplasmic antigens.
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prevention of accumulation of abnormal

suppression of spontaneous tumorigenesis particularly in the liver.

have also suggested that autophagy

survival. In fact, tumor cell death can be
induced by autophagy-inhibiting drugs

such as hydroxychloroquine in combina-

tion with conventional chemotherapy, and
clinical trials of autophagy-inhibiting

IN JAPAN, A LAW governing organ
procurement from brain death patients

was approved in 1997, followed by the

Magnetically Levitated
Centrifugal Blood Pump

but because of a shortage of donor hearts

To meet the requirements for a one-

been limited to about ten cases per year.

and evaluated the durability and bio-

Since then, over ten years have passed,

the heart transplantation rate in Japan has
The end-stage heart failure patients who

need heart transplantation must wait over

two years before transplantation. During
this long waiting time, maintaining circu-

lation relies on mechanical circulatory
support devices (MCSD).

Currently three types of MCSD are

available for clinical use in Japan. The

autophagy are not mutually exclusive;

pulmonary bypass for several hours dur-

generation of only benign tumors, not

cancers, in our models suggests that autophagy may be required for progression

beyond the benign state. This study also
provides a novel tool to study autophagy

in a non-biased way. Since autophagy is

likely involved in a variety of physiological and pathological processes, the ATG5
mosaic mice would be useful to explore
novel roles of autophagy.
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first is the blood pump used in the cardio-

ing open heart surgery, the second is the

percutaneous cardio-pulmonary support

(PCPS) pump used for emergency treatment for approximately one week, and

the third is an implantable blood pump

which can be used for two years or lon-

ger, bridging to heart transplantation.
However, we do not have an appropriate
MCSD that can be used from one week to
one month to safely support circulation

for patients who are awaiting transplantation. Such devices not only sustain life,

but also allow a diagnosis of how well the
heart function can recover and whether or
not the patients actually need a heart
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how to proceed with treatment.

second heart transplantation in 1999.

drugs have begun in the United States.

These two apparently opposed roles of

transplant, enabling better decisions on
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month blood pump, we have designed

ventricular assistance mode to demon-

compatibility of a magnetically levitat-

60 days. Five calves survived to 60

ed centrifugal blood pump, MedTech
Mag-Lev, in calves. Fig.1 shows the

overall design of such a system. A simple, X- and Y-axis active control that

uses electromagnets, combined with
passive control that uses permanent
magnets, and a radial magnetic coupling drive mechanism were employed

to implement a single-use magnetic levitation mechanism of a centrifugal

strate stable operation for duration of

days with normal hemodynamics and
without any adverse effects on major

organ function. In addition, the plasmafree hemoglobin level remained below

5 mg/dL. Autopsy findings revealed

that there were no thrombi inside the
explanted pump head and no signs of
infarction in the major organs.

Clinical Applications

pump. The pump head consists of top

The MedTech Mag-Lev pump can be

rotor. It has a priming volume of 23 mL

bypass during open heart surgery, per-

and bottom housings and an impeller-

and incorporates a secondary flow path

of 0.3 mm width, allowing a better
wash-out effect and anti-thrombo-

genecity. The pump can provide a flow
of 4-5 L/min against 100 mmHg after

load at 2000 rpm. The nominal peak-topeak vibration of the impeller-rotor at

2000 rpm is around 20-30 micron with
a power consumption of around 10-15

watts. The prototype system has been

successfully tested in calves in the left

used in the area of cardio-pulmonary
cutaneous cardio-pulmonary bypass for

the duration of three weeks, one-week
to one-month circulatory support bridg-

ing to implantable assist hearts or heart
transplantation. The MedTech Mag-

Lev can contribute to extracorporeally

and safely maintain circulation of heart

failure patients for one-month or during
the time in which the next treatment
options can be explored and decided
upon.
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Fig.1: The process of autophagy.

Fig.2:
Tumors formed in ATG5 mosaically
deleted mice.

A portion of cytoplasm, including organelles, is enclosed by an autophagosome. The outer membrane of the autophagosome fuses with the lysosome, and the internal material is degraded.

Liver tumors are formed in mice with mosaic
deletion of the ATG5 gene (at 19 months).
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Fig.1: Schematic diagram of a single-use, magnetically-levitated centrifugal blood pump.
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Fig.2: Newly assembled clinical console and
motor-driver.

