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Adiponectin Replacement Therapy
Attenuates Myocardial Damage in
Leptin-deficient Mice with Viral
Myocarditis
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The effects of adiponectin replacement
therapy on myocardial damage were
studied in leptin-deficient (OB) mice with
acute viral myocarditis. Encephalomyo-
carditis virus was injected intraperitoneally
into OB and wild-type (WT) mice. One
subgroup of OB mice received no
intervention and another subgroup
received daily adiponectin replacement,
simultaneously with viral inoculation.
Differences in heart weight, cardiac
histological score, numbers of infilirating
or apoptotic cells in the myocardium and
the immunoreactivity of adiponectin
receptors in myocytes were determined.

The reactivity of adiponectin receptor 1
in myocytes from OB mice on day 4 and
day 8 after viral inoculation was
significantly decreased compared with
that in myocytes from WT mice; the OB
mice also had elevated cardiac weights
and severe inflammatory myocardial
damage. Adiponectin replacement in OB
mice inhibited the development of severe
myocarditis by augmenting myocyie
adiponectin receptor 1 reactivity. Exo-
genously administered adiponectin may
inhibit the progression of viral myocarditis
through binding to the adiponectin
receptor 1 in leptin-deficient conditions.

KEY WORDS: ADIPONECTIN; VIRAL MYOCARDITIS; LEPTIN DEFICIENCY; MYOCARDIAL DAMAGE

Introduction

Several studies have reported an association
between leptin and cardiovascular
conditions such as hypertension and chronic
heart failure with cachexia. Reduced leptin
concentrations may diminish the degree of
cardiac adaptation in heart failure,! and
plasma leplin levels were inappropriately

low in patients with cachectic chronic heart
failure.z We have recently found that leptin
deficiency enhanced myocardial necrosis
and lethality in a mouse model of viral
myocarditis. However, leptin replacement
inhibited the development of severe
myocarditis, suggesting a protective role for
leptin against myocyte damage,® although
the mechanisms involved are unclear.
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Adiponectin replacement therapy in leptin-deficient mice with viral myocarditis

Adiponcectin, also known as adipocyte
complement-related protein of 30 kDa,t is a
cytokine secreted by adipocytes that has anti-
diabetic and anti-atherogenic effects.s
Concentrations of adiponectin in blood are
diminished in obesity, insulin resistance and
type 2 diabetes.* The adiponectin gene and
the obese gene, which encodes leptin, show
several striking similarities in humans.? Both
genes are composed of three exons and have
a long first intron, and are expressed specific-
ally in adipose tissues.® Adiponectin and
leptin control fuel homeostasis, body weight
and insulin sensitivity. Amelioration of insulin
resistance, pancreatic f§-cell degranulation
and diabetes after crossing leptin-deficient
mice with globular domain adiponectin
transgenic mice has been described, indicating
that globular adiponectin and leptin may
have overlapping functions.® Thus, adiponectin
may also possess functions similar to those of
leptin in the development of heart failure.

In this study, we hypothesized that adipo-
nectin could play a protective role against
the progression of severe viral myocarditis in
leptin deficiency. We examined the effects of
adiponectin replacement therapy on myo-

" cardial damage in leptin-deficient mice with
acute viral myocarditis.

‘Materials and methods

INFECTION PROTOCOL

Six-week-old female leptin-deficient ob/cb
mice and C57BL wild-type mice were
obtained from the Jackson Laboratory (Bar
Harbor, ME, USA). A myocarditic variant of
the encephalomyocarditis (EMC) virus was
obtained from Dr Y Seto (Keio University,
Tokyo, Japan). The viral preparations were
stored at -80°C in Eagle’s minimum essential
medium supplemented with 0.1% fetal
bovine serum. Ethical approval for this study
was obtained from the animal experimental
committee in Kanazawa Medical University.

All animals were treated in accordance with
the Kanazawa Medical University guidelines
for the care and use of laboratory animals.
All animals were inoculated intraperi-
toneally with 500 plaque-forming units of
EMC virus suspended in 0.1 ml of saline.

TREATMENT PROTOCOL

The leptin-deficient mice were randomly
assigned to one of two groups. The first
group did not receive interventional therapy
(OB group). The second group received daily
subcutaneous injections of recombinant
mouse full-length adiponectin (30 ug/g per
day, starting simultaneously with the EMC
virus injection) (OB + Adipo group).’

HISTOLOGICAL EXAMINATION OF
THE HEART
The mice were weighed and then killed by
cervical dislocation on either day 4 or day 8
after viral inoculation. Cardiac tissues were
immediately extracted, weighed, fixed in
10% buffered formalin and stained with
haematoxylin and eosin (H&E). Two
transverse sections of the ventricular
myocardium were assessed for the severity of
necrosis and mononuclear cell infiltration by
an experienced pathologist who had no
knowledge of the study design. Sections were
scored according to. the following scale: 1,
lesions involving < 25% of the ventricular
myocardium; 2, lesions involving 25 - 50%
of the myocardium; 3, lesions invelving 50 ~
75% of the myocardium; and 4, lesions
involving > 75% of the myocardium. The
sections were also stained for myosin in order
to confirm the presence of myocyte necrosis.
Five high-power fields (HPFs) (magnifi-
cation x 400) were randomly selected from
each transverse section of the myocardium,
and the number of infiltrating cells counted.
The number of apoptotic cells per section in
these HPFs was also determined using in situ
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