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Figure 100 Schematic presentation of signal transduction down-
stream of G-CSF receptor.
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1 month later

Figure2

A case presentation of
the ASO patient with
successful results due
to the subcutaneous
injection of G-CSF.

5 months later
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Figure 300 Comparison of effects on transcutaneous oxygen
pressure (TcOz2) and ankle brachial pressure index (ABPI)
between the untreated group (control), the autologous bone mar-
row cell-transplanted group (BMT), and the G-CSF-injected
group (G-CSF). The effects were similar between BMT and G-
CSF.

*p<0.05
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Figure4l Saline group’s confocal microscopic findings 14 days
after infarction. Note presence of BM-derived endothelial cells
(A) and smooth muscle cells (B) shown by arrows.

red: Dil, green: CD31 or e-smooth muscle actin, scale bar: 20 um
Reproduced from reference 11.
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Figure 500 Number of vessels in the rabbit infarcted hearts
counted at 14 days (A) and 3 months (B) after the onset of
infarction. The number was significantly greater at 14 days but
not at 3 months.

Reproduced from reference 11.
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Figure 601 Ejection fraction 1 month after the onset of infarc-
tion according to left cineangiography. Note the shift of the
curve between the ejection fraction (LVEF) and the peak cre-
atine kinase (CK) to the upward in the G-CSF-treated group
from that of the control group.
Reproduced from reference 18.
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Figure 700 Thallium-201 (201TI) single photon emission computed tomography imaging of a case with intractable
angina pectoris treated with G-CSF with 3 vessel coronary heart disease in spite of several percutaneous coronary
intervention and a low ejection fraction of 2501 and chronic renal failure. Note the defect of 201 Tl in the antero-
lateral wall before G-CSF treatment, and the improvement after the treatment.

Reproduced from reference 18.
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Figure 80 Photomicrographs of
hearts from mice with 16-week-old
Mls treated with vehicle (untreated,
left panels) or G-CSF (right panels).
Transverse sections of hearts (upper).
Highly magnified noninfarcted area
stained with Sirius red (middle).
Highly magnified infarcted area
stained with Sirius red (lower).

bars in the upper panels: 1 mm, bars
in the middle and lower panels: 50 um
Reproduced from reference 21.
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Figure 90 Electron micrographs of
cardiomyocytes from untreated UM-
- X7.1 hearts.

A: The vacuoles contained degraded
subcellular organelles (eg, mitochon-
dria) and thus appeared autophagic
vacuoles.

B: Such degenerative changes were
attenuated in the G-CSF-treated group.
Nucl: nucleus, scale bars: 1 um
Reproduced from reference 23.

goooooooobooe-csFoouoooooobonog
000000000000 0®o00o0oooooon
oooooooooooooooooooobobboo
oooooooooooooooooooobobood
oooooooooooooooooooobobood
gooooooo

oooooooooooooooooooooboboo
goooooooooooooooboooboooboooo
goooooooooobooboooooooooboboo
goooooooooooobobooobobbooooo
gooooooooboooooooooooooood
gooooooooooooobooooooooog
goooboooooboooooooboobooooood
oboooooooboooooooooooooooo
goooooooobooooooboooobooooobooo

oooo

1[Roberts AW: G-CSF: a key regulator of neutrophil produc-
tion, but that's not all! Growth Factors, 2005, 23: 33—-41.

20Avalos BR: Molecular analysis of the granulocyte colony-
stimulating factor receptor. Blood, 1996, 88: 761-777.

3[Dong F, Larner AC: Activation of Akt kinase by granulo-
cyte colony-stimulating factor (G-CSF): evidence for the
role of a tyrosine kinase activity distinct from the Janus
kinases. Blood, 2000, 95: 1656—-1662.

4[Tateishi-Yuyama E, Matsubara H, Murohara T et al:
Therapeutic Angiogenesis using Cell Transplantation
(TACT) Study Investigators. Therapeutic angiogenesis for
patients with limb ischaemia by autologous transplantation
of bone-marrow cells: a pilot study and a randomised
controlled trial. Lancet, 2002, 360: 427-435.

50Arai M, Misao Y, Nagai H et al: Granulocyte colony-
stimulating factor as a novel and non-invasive regenera-
tion therapy against intractable arteriosclerosis obliterans.

323



ooboooO G-Csk

Circulation, 2003, 108 (suppl): 1V-561.
6(Lee M, Aoki M, Kondo T et al: Therapeutic angiogenesis
with intramuscular injection of low-dose recombinant
granulocyte-colony stimulating factor. Arterioscler Thromb
Vasc Biol, 2005, 25: 2535-2541.
7[Hasegawa H, Takano H, Ohtsuka M et al: G-CSF prevents
the progression of atherosclerosis and neointimal forma-
tion in rabbits. Biochem Biophys Res Commun, 2006, 344:
370-376.
8[rlic D, Kajstura J, Chimenti S et al: Mobilized bone mar-
row cells repair the infarcted heart, improving function and
survival. Proc Natl Acad Sci USA, 2001, 98: 10344—-10349.
9CKocher AA, Schuster MD, Szabolcs MJ et al:
Neovascularization of ischemic myocardium by human
bone-marrow-derived angioblasts prevents cardiomyocyte
apoptosis, reduces remodeling and improves cardiac func-
tion. Nat Med, 2001, 7: 430-436.
10000htsuka M, Takano H, Zou Y et al: Cytokine therapy prevents
left ventricular remodeling and dysfunction after myocar-
dial infarction through neovascularization. FASEB J, 2004,
18: 851-853.
11[Minatoguchi S, Takemura G, Chen XH et al: Acceleration
of the healing process and myocardial regeneration may be
important as a mechanism of improvement of cardiac func-
tion and remodeling by postinfarction granulocyte colony-
stimulating factor treatment. Circulation, 2004, 109: 2572—
2580.
12[Harada M, Qin Y, Takano H et al: G-CSF prevents cardiac
remodeling after myocardial infarction by activating the Jak-
Stat pathway in cardiomyocytes. Nat Med, 2005, 11: 305—
311
13[Kuethe F, Figulla HR, VVoth M et al: Mobilization of stem
cells by granulocyte colony-stimulating factor for the regen-
eration of myocardial tissue after myocardial infarction.
Dtsch Med Wochenschr, 2004, 129: 424—428.
14[Hill JM, Syed MA, Arai AE et al: Outcomes and risks of
granulocyte colony-stimulating factor in patients with coro-
nary artery disease. J Am Coll Cardiol, 2005, 46: 1643—
1648.
15[Kang HJ, Kim HS, Zhang SY et al: Effects of intracoronary
infusion of peripheral blood stem-cells mobilised with
granulocyte-colony stimulating factor on left ventricular
systolic function and restenosis after coronary stenting in
myocardial infarction: the MAGIC cell randomised clinical
trial. Lancet, 2004, 363: 751-756.
1600nce H, Petzsch M, Kleine HD et al: Preservation from left

324

ventricular remodeling by front-integrated revascularization
and stem cell liberation in evolving acute myocardial infarc-
tion by use of granulocyte-colony-stimulating factor
(FIRSTLINE-AMI). Circulation, 2005, 112: 3097—-3106.

170Valgimigli M, Rigolin GM, Cittanti C et al: Use of granu-
locyte-colony stimulating factor during acute myocardial
infarction to enhance bone marrow stem cell mobilization
in humans: clinical and angiographic safety profile. Eur
Heart J, 2005, 26: 1838—1845.

18[Buzuki K, Nagashima K, Arai M et al: Effect of granulo-
cyte colony-stimulating factor treatment at a low dose but
for a long duration in patients with coronary heart disease.
Circ J, 2006, 70: 430—437.

19ZohlInhofer D, Ott I, Mehilli J et al: Stem cell mobilization
by granulocyte colony-stimulating factor in patients with
acute myocardial infarction: a randomized controlled trial.
JAMA, 2006, 295: 1003-1010.

20[Ripa RS, Jorgensen E, Wang Y et al: Stem cell mobiliza-
tion induced by subcutaneous granulocyte-colony stimu-
lating factor to improve cardiac regeneration after acute ST-
elevation myocardial infarction: result of the double-blind,
randomized, placebo-controlled stem cells in myocardial
infarction (STEMMI) trial. Circulation, 2006, 113: 1983—
1992.

2101 Y, Takemura G, Okada H et al: Treatment with granulo-
cyte colony-stimulating factor ameliorates chronic heart
failure. Lab Invest, 2006, 86: 32—44.

22[MHasegawa H, Takano H, lwanaga K et al: Cardioprotective
effects of granulocyte colony-stimulating factor in swine
with chronic myocardial ischemia. J Am Coll Cardiol, 2006,
47: 842-849.

23[Miyata S, Takemura G, Kawase Y et al: Autophagic
cardiomyocyte death in cardiomyopathic hamsters and its
prevention by granulocyte colony-stimulating factor. Am
J Pathol, 2006, 168: 386—397.

24Murry CE, Soonpaa MH, Reinecke H et al: Haematopoietic
stem cells do not transdifferentiate into cardiac myocytes
in myocardial infarcts. Nature, 2004, 428: 664—668.

25[Nygren JM, Jovinge S, Breitbach M et al: Bone marrow-
derived hematopoietic cells generate cardiomyocytes at a low
frequency through cell fusion, but not transdifferentiation.
Nat Med, 2004, 10: 494-501.

26[Natori T, Sata M, Washida M et al: G-CSF stimulates angio-
genesis and promotes tumor growth: potential contribution
of bone marrow-derived endothelial progenitor cells.
Biochem Biophys Res Commun, 2002, 297: 1058-1061.

o0oo Vol. 46, 2006



goooooog 2o

Angiogenic Factor G-CSF
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Granulocyte colony-stimulating factor (G-CSF) was applied to ischemic diseases (acute myocardial infarction and
obstructive vascular diseases) that originally were expected to contribute to tissue regeneration because G-CSF can mobilize
bone marrow-derived stem cells into peripheral blood. Recent studies have confirmed the effectiveness of G-CSF on is-
chemic diseases and revealed a new mechanism for the effect other than tissue regeneration, i.e., acceleration of healing and
direct tissue protection. Many clinical studies using G-CSF are ongoing now, of which results, however, are not consistent
with each other. (J Jpn Coll Angiol, 2006, 46: 317-325)
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