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Figure1l Conceptual scheme of therapeutic angiogenesis by bone marrow cell transplantation.
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Figure2 Aspiration and sorting of bone marrow cells.
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Figure3 NOGA electromechanical mapping showing improvement of regional blood flow in pa-

tient with ischemic heart disease.

FEH
LHE =51 EkiR

Fdl 2 5 Rl
ik ol £

b ]
i

i W

Figure4 SPECT scintigraphy showing improvement of regional blood flow in patient with is-

chemic heart disease.

goobooooooboooobooooooooon
gobooboooooobooboo0ooboooo
ooooooooooooobooobobooOoOooooo
ooooooooooooooooobooo

gooo

1[Asahara T, Murohara T, Sullivan A et al: Isolation of putative
progenitor endothelial cells for angiogenesis. Science, 1997,
275: 964-967.

2[sner JM: Myocardial gene therapy. Nature 2002, 415: 234-239.

3[Makino S, Fukuda K, Miyoshi S et al: Cardiomyocytes can
be generated from marrow stromal cells in vitro. J Clin In-
vest, 1999, 103: 697-705.

40Tomita S, Li RK, Weisel RD et al: Autologous transplanta-

May, 25, 2003

tion of bone marrow cells improves damaged heart func-
tion. Circulation, 1999, 100: 24711-25611.

5CKobayashi T, Hamano K, Li TS et al: Enhancement of an-
giogenesis by the implantation of self bone marrow cells in
a rat ischemic heart model. J Surg Res, 2000, 89: 189-195.

6CAnversa P and Nadal-Ginard B: Myocyte renewal and ven-
tricular remodeling, Nature, 2002, 415: 240-243.

7(Tateishi-Yuyama E, Matsubara H, Murohara T et al: Thera-
peutic angiogenesis for patients with limb ischemia by au-
tologous transplantation of bone marrow cells: a pilot study
and a randomised controlled trial Lancet, 2002, 360: 427-
435.

80y anagisawa-Miwa A, Uchida Y, Nakamura F et al: Salvage of
infarct myocardium by angiogenic action of basic fibroblast

177



gooooooooooooooooooon

growth factor. Science, 1992, 257: 1401-1403.
9[Trakeshita S, Zheng LP, Brogi E et al: Therapeutic angiogen-

esis. A single intraarterial bolus of vascular endothelial
growth factor augments revascularization in a rabbit ischemic
hind limb model. J Clin Invest , 1994, 93: 662-670.

10CMorishita R, Nakamura S, Hayashi S et al: Therapeutic an-
giogenesis induced by human recombinant hepatocyte growth
factor in rabbit hind limb ischemia model as cytokine supple-
ment therapy. Hypertension, 1999, 33: 1379-1384.

11[Bhintani S, Murohara T, lkeda H et al: Augmentation of postna-
tal neovascularization with autologous bone marrow transplanta-
tion. Circulation, 2001, 103: 897-895.

12[1ba O, Matsubara H, Nozawa Y et al: Angiogenesis by im-
plantation of peripheral blood mononuclear cells and plate-
lets into ischemic limbs Circulation, 2002, 106: 2019-2025.

13[Henry TD, Mckendall GR, Azrin MA et al: VEGF in Ischemic for
Vascular Angiogenesisl VIVArial: one year folllow up. Circula-
tion, 2000, 102: 11-309.

14CBimon M, Annex BH, Laham RJ et al: Pharmacological
treatment of coronary artery disease with recombinant fi-
broblast growth factor-2. Double-blind, Randomized,
Controlled linical Trial Circulation, 2002, 105: 788-793.

1501 osordo DW, Vale PR, Hendel RC et al: Phase 1/2 pla-
cebo-controlled, double-blind, dose-escalating trial of myo-

cardial vascular endothelial growth factor 2 gene transfer
by catheter delivery in patients with chronic myocardial
ischemia. Circulation, 2002, 105: 2012-2018.

1600rakahashi T, Kalka C, Masuda H et al: Ischemia and
cytokine-induced mobilization of bone marrow-derived
endothelial cells for neovascularization. Nat Med, 1999, 5:
434-4380

17[Beiler C, Pohl T, Wustmann K et al: Promotion of collateral
growth by granulocyte-macrophage colony-stimulating fac-
tor in patients with coronary artery disease. A randomized,
double-blind, placebo-controlled study. Circulation, 2001,
104: 2012-2017.

18[Menasch P, Hagge AA, Scorsin M et al: Myoblast trans-
plantation for heart failure Lancet, 2001, 357: 279-281.

19[Kamihata H, Matsubara H, Nishiue T et al: Implantation of
Autologous Bone Marrow Cells into Ischemic Myocardium
Enhances Collateral Perfusion and Regional Function via
Side-Supply of Angioblasts, Angiogenic Ligands and
Cytokines. Circulation, 2001, 104: 1046-1052.

20CKamihata H, Matsubara H, Nishiue N et al: Improvement of
Collateral Perfusion and Regional Function by Catheter-Based
Implantation of Peripheral Blood Mononuclear Cells into Is-
chemic Hibernating Myocardium. Arterioscler Thromb Vasc
Biol, 2002, 22: 1804-1810.
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Bone marrow cells contain progenitors for vascular endothelia cells (EC) and cardiomyocytes, and also release angio-
genic factors (VEGF and bFGF). We have reported the availability of implantation of bone marrow mononuclear cells (BMI)
for patients with ischemic limbs (Lancet, 2002; 360: 427-435). Here, we discuss the effect of BMI on apig model of chronic
ischemic myocardium and one-year follow-up data for a no-option patient (CCS-class-1V angina) treated solely with BMI.

1) Animal study: Chronic ischemia was prepared by ameroid constrictor in domestic pigs. The NOGA electrome-
chanical system was used to map hibernating regions and to inject BMc (30 sites, 10 cells). Increases in systolic function
(EF: 33% to 52%) and regional blood flow (2.1-fold), and reductions in the ischemic area (29% to 8%) were observed.
Capillary numbers were markedly increased (3.6-fold) with the incorporation of BMc, while trans-differentiation into
cardiomyocytes was much less (~0.1% of viable myocytes). There was no bone formation (n=15).

2) Clinica Study: A 65-year-old man suffered from refractory angina (CCS class V) in spite of bypass surgery (2 times) and
angioplasty (5times). 0.05 ml of BMc wasinjected into the hibernating foci identified by NOGA mapping (30 different sites, 3x10
cdls). Anincreasein EF (42% to 54%), reduction in ischemic area (16.5% to 3.8%), and decrease in angina occurrence (Class 1V
to 1) were observed 10 months after BMI. There was no substantial arrhythmia on 24-h Holter recordings performed monthly for
10 months. Blood supply to ischemic hibernating myocardium and myogenic cell grafting by cell therapy using BMI isapromis-
ing approach for the prevention of myocardia remodeling. (3. Jon. Coall. Angiol., 2003, 43: 173-178)
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