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G-CSF prevents cardiac remodeling after myocardial

cardiomyocytes

infarction by activating the Jak-Stat pathway in

Mutsuo Harada", Yingjie Qin'4, Hiroyuki Takano!%, Tohru Minamino'*, Yunzeng Zou!, Haruhiro Toko!,

Masashi Ohtsuka!, Katsuhisa Matsuura!, Masanori Sano!, Jun-ichiro Nishi!, Koji Iwanaga!, Hiroshi Akazawal,

1

Takeshige Kunieda!, Weidong Zhu!, Hiroshi Hasegawa!, Keita Kunisada?, Toshio Nagai!, Haruaki Nakaya3,

Keiko Yamauchi-Takihara? & Issei Komuro!

Granulocyte colony-stimulating factor (G-CSF) was reported to induce myocardial regeneration by promoting mobilization of bone
marrow stem cells to the injured heart after myocardial infarction, but the precise mechanisms of the beneficial effects of G-CSF
are not fully understood. Here we show that G-CSF acts directly on cardiomyocytes and promotes their survival after myocardial
infarction. G-CSF receptor was expressed on cardiomyocytes and G-CSF activated the Jak/Stat pathway in cardiomyocytes.

The G-CSF treatment did not affect initial infarct size at 3 d but improved cardiac function as early as 1 week after myocardial
infarction. Moreover, the beneficial effects of G-CSF on cardiac function were reduced by delayed start of the treatment. G-CSF
induced antiapoptotic proteins and inhibited apoptotic death of cardiomyocytes in the infarcted hearts. G-CSF also reduced
apoptosis of endothelial cells and increased vascularization in the infarcted hearts, further protecting against ischemic injury.

All these effects of G-CSF on infarcted hearts were abolished by overexpression of a dominant-negative mutant Stat3 protein in
cardiomyocytes. These results suggest that G-CSF promotes survival of cardiac myocytes and prevents left ventricular remodeling
after myocardial infarction through the functional communication between cardiomyocytes and noncardiomyocytes.

Myocardial infarction is the most common cause of cardiac morbidity
and mortality in many countries, and left ventricular remodeling after
myocardial infarction is important because it causes progression to heart
failure. Several cytokines including G-CSF, erythropoietin and leukemia
inhibitory factor have beneficial effects on cardiac remodeling after myo-
cardial infarction'™. In particular, G-CSF markedly improves cardiac
function and reduce mortality after myocardial infarction in mice, possibly
by regeneration of myocardium and angiogenesis'>¢-8, G-CSF is known
to have various functions such as induction of proliferation, survival and
differentiation of hematopoietic cells, as well as mobilization of bone
marrow cells?!!. Although it was reported that bone marrow cells could
differentiate into cardiomyocytes and vascular cells, thereby contributing
to regeneration of myocardium and angiogenesis in ischemic hearts!2-3,
accumulating evidence has questioned these previous reports'¢-18, In this
study, we examined the molecular mechanisms of how G-CSF prevents
left ventricular remodeling after myocardial infarction,

RESULTS

G-CSF directly acts on cultured cardiomyocytes

G-CSF receptor (G-CSFR, encoded by CSF3R) has been reported
to be expressed only on blood cells such as myeloid leukemic cells,

leukemic cell lines, mature neutrophils, platelets, monocytes and
some lymphoid cell lines®. To test whether G-CSFR is expressed
on mouse cardiomyocytes, we performed a reverse transcription—
polymerase chain reaction (RT-PCR) experiment by using specific
primers for mouse Csf3r. We detected expression of the Csf3r gene
in the adult mouse heart and cultured neonatal cardiomyocytes
(Fig. 1a). We next examined expression of G-CSFR protein in cul-
tured cardiomyocytes of neonatal rats by immunocytochemistry.
Similar to the previously reported expression pattern of G-CSFR in
living cells'®, the immunoreactivity for G-CSFR was localized to the
cytoplasm and cell membrane under steady-state conditions in car-
diomyocytes (Fig. 1b). This immunoreactivity disappeared when the
antibody specific for G-CSFR was omitted, validating its specificity
(Fig. 1b). In addition to cardiomyocytes, we also detected expres-
sion of G-CSFR on cardiac fibroblasts by immunocytochemistry
(see Supplementary Fig. 1 online) and RT-PCR (Supplementary
Fig. 2 online).

The binding of G-CSF to its receptor has been reported to evoke
signal transduction by activating the receptor-associated Janus family
tyrosine kinases (JAK) and signal transducer and activator of transcrip-
tion (STAT) proteins in hematopoietic cells®'?. In particular, STAT3
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