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Table 1 Patient characteristics

Age 61.8+11.3 ABPI 0.79+0.26
Gender Rest pain scale 290+1.11
Male 24 (82.8%) Complications
Female 5 (17.2%) CRF on HD 14 (48.3%)
Diagnosis CAD 13 (44.8%)
ASO 19 (65.5%) CVD 8 (27.6%)
TAO 10 (34.5%) DM 16 (55.2%)
Ischemic status HL 16 (55.2%)
Fontaine 3 4 (13.8%) HT 13 (44.8%)
Fontaine 4 25 (86.2%) Others 24 (82.7%)

Previous treatment
PTA 7 (24.1%)
Bypass surgery 2 ( 6.9%)

ABPI, ankle-brachial blood pressure index; CRF, chronic renal
failure; CAD, coronary artery disease; CVD, cerebrovascular dis-
ease; DM, diabetes mellitus; HL, hyperlipidemia; HT, hyperten-
sion
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Table 2 Clinical response and patient background, apheresis procedure

no response (n =8) response (n =21) P value
Age 60.6+11.7 62.3+11.3 NS
Gender
Male 7 (875%) 17 (81.0%) NS
Female 1 (125%) 4 (19.0%) NS
Diagnosis
ASO 6 (75.0%) 13 (61.9%) NS
TAO 2 (25.0%) 8 (38.1%) NS
Ischemic status
Fontaine I 1 (125%) 3 (14.3%) NS
Fontaine IV 7 (87.5%) 18 (85.7%) NS
Previous revascularization 3 (37.5%) 5 (23.8%) NS
Duration of illness (month) 19.6 24 52.1+55.8 NS
Need for major amputation 8 (100%) 13 (61.9%) NS
Complications
CRF on HD 4 (50.0%) 10 (47.6%) NS
CAD 4 (50.0%) 9 (42.9%) NS
CVD 3 (37.5%) 5 (23.8%) NS
HT 4 (50.0%) 9 (42.9%) NS
DM 6 (75.0%) 10 (47.6%) NS
HL 4 ( 50%) 12 (57.1%) NS
Laboratory data
FBS (mg/dl) 139.6+45.1 1332+49.3 NS
HbAlc (%) 56+09 58+0.9 NS
T-Cho (mg/dl) 169.8 +33.2 1846+ 372 NS
LDL-Cho (mg/dl) 105.6 +=24.6 1148372 NS
HDL-Cho (mg/dl) 439+10.0 49.7+10.7 NS
CRP (mg/dl) 29+38 54+11.0 0.018
Analysis of apheresis procedure
No. of course 2+12 2+15 NS
Blood flow (m!/min) 40+19 40+33 NS
Product volume (mlI) 233+34 235+16 0.034
Apheresis volume (ml) * 9,219+ 1425 9,500 =993 0.003
Apheresis volume/BW (ml) 153+27 155 +28 NS
Analysis of blood products
TNC (x1010) 1.7+£08 1707 NS
TMC (x1019) 12+05 1.1+04 NS
Ht (%) 36=09 3107 0.006
PLT (x1010) 37+15 39+16 NS

F—%ldmean+SD & L {I3HEHEE (%) TRL7Z.
FBS, fasting blood sugar; T-Cho, total cholesterol; LDL, low density lipoprotein; HDL,
high density lipoprotein; CRP, C-reactive protein; TNC, total nuclear cell; TMC, total

mononuclear cell; PLT, platelet
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K 14 & b ek

RRETH ZOHARENL @ shTns?. —J
a2 OWFFETIE, Sl E & F 2w AR A% ER %
WESGREBTVWSE., ZhbDZehs, Frid
M AR A O M2 592 2 4 =
AXEIHHELTLHUHTIRZWEEZ TV D, EB,
KADZOHBOT T ADOEBRZTHHEBIED S
VEGFR B PEMiNE (s P Bz 5 BRI o KR 455) % BiZs
L7 % VT, MEFEIRBOONLZ L%
EREL T A", L2 L, BAEfARICH A b ol 5K
FOEADVEOHFRRICERE L HEEEIZ/ZL TS
CEDPSLWSER LI, KA OIS N R T B
Mg, HEIkZIZ Lo, Mhotks 2Mlilaiggo B2 2

NTE LR,

2. BHERMRBRICEKEL ZONEREOHER

AR, SRR R AR L2 AR I HEAK BR R i/ MR ASER % 72
MEFERFEEAEL ) 2HEHEAL, EiiwMiao
HE5T, FRUSOMIIC L 555 7 514 VO
BEUEPIHREENTETWBEY? Fkr Oltisk DBET 2
5, BRI RGO b - Cidsd CRP o Lk
ABHAI NI, TOBRLEH L, IL-1p, VEGF
OLEABHEREIN. T2, BEOFKA DOWFZED S
Al L 7S & - TRz 2903 & Ul AN T o TL-
1B. VEGF O%BIAER L T2 2 & L 1B L (Table
2), BARZT TR ZIIFHORTHIEETHSZ



HAEMAINBER 258 B54% H£3 5
ERHL DR TETHSEY,

3. Y EY LB EHREIMAD, ?

Table 1 IZ2b/RE N5 & 512, A GIEBN T EN BH
BEREINTED, EMET CTHREZ PR TR
WT 52 EFFEFITY XA 7BE. T2, FHERO
HiCIZ HC % 400ml 2 5 600ml 3T < A b - THRIY
52 hB0s, A (B EEENES) 0bb
BER, THOBBICLAEEEEALTVWLIERT
&, JFILEAEIS O A S FEETH 5. MRS IR
T, fEE AN — IR R SR R T (G-CSF) %
KEIWCHG L, R 2T 2800 ko
BRI OBEAS 2 FCCTERECL,  [R1E % i e e A A &
LCTHALTED, 20004E 4 A £ 0BRSS & %o T

LIIFEEEHBMEOREEL LTasICERLTWw
. LH»L, 6/ ETIZ PBSC OB E, FREUCE® L
T, BMAERE, O, MR SAGE BT
X BERLAERE, SHITIFETHIIHEINT
V5. G-CSF I % MBI T 5 720, f@E AT
F=ICBI L HGOBICIZZOBESTE L BEHSN
TWw5. JRIMPALRERHEEL EOMELE T 5
BITK LT, BHile 2 3RINT 5 72012 G-CSF 5%
TO5DTHNIE, ZBDOZEFOTHEE, AV T7+—24
Fartsy OB FIZBWT LS LEEILE L
ENb. DEOEPSEATY, BEETORITER
M, N, SHEERIOTRTH HH, €L TEM
W26 bIEFICHEETHLERDNS.

Eh)IZ
B B o MIAE PN B i SRR 25 B2 2 A L I s T I
ﬁﬁﬁékwoﬁ Qo d L2, MEFERRITRE
JICHEA RFETE R L. UL, mWETENIEs
FIETEERICOWTHHICHAR L 2T I e o %
D E 7 BUETH 2B, REHORAIL 60~70% 2
FT%U MR S IR L2 b oL
{72DICHFDA A= XL T FCBHT 52 EHHE
BWChbH SHELLIAMAOENOD LT, fiifl, &
4, I X NTHY SRS AEHEOENFLEOM
SMEERNEEFNS.

X ®

1) Dormandy JA, Rutherford RB: Management of periph-
eral arterial disease (PAD). TASC Working Group.
TransAtlantic Inter-Society Consensus (TASC). J Vasc
Surg, 31: S1—S296, 2000.

2) Carmeliet P: Mechanisms of angiogenesis and arterio-
genesis. Nat Med, 6: 389—395, 2000.

3) Risau W: Mechanisms of angiogenesis. Nature, 386:
671—674, 1997.

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

357

Hanahan D: Signaling vascular morphogenesis and
maintenance. Science, 277: 48—>50, 1997.

Yancopoulos GD, Davis S, Gale NW, et al: Vascular-
specific growth factors and blood vessel formation. Na-
ture, 407: 242—248, 2000.

Henry TD, Annex BH, McKendall GR, et al: The VIVA
trial: Vascular endothelial growth factor in Ischemia for
Vascular Angiogenesis. Circulation, 107: 1359— 1365,
2003.

Grines CL, Watkins MW, Helmer G, et al: Angiogenic
Gene Therapy (AGENT) trial in patients with stable an-
gina pectoris. Circulation, 105: 1291—1297, 2002.
Simons M, Bonow RO, Chronos NA, et al: Clinical trials
in coronary angiogenesis: issues, problems, consensus:
An expert panel summary. Circulation, 102: E73—386,
2000.

Yla-Herttuala S, Alitalo K: Gene transfer as a tool to in-
duce therapeutic vascular growth. Nat Med, 9: 694—701,
2003.

Asahara T, Murohara T, Sullivan A, et al: Isolation of pu-
tative progenitor endothelial cells for angiogenesis. Sci-
ence, 275: 964—967, 1997.

Kalka C, Masuda H, Takahashi T, et al: Transplantation
of ex vivo expanded endothelial progenitor cells for
therapeutic neovascularization. Proc Natl Acad Sci
USA, 97: 3422—3427, 2000.

Tateishi-Yuyama E, Matsubara H, Murohara T, et al:
Therapeutic angiogenesis for patients with limb ischae-
mia by autologous transplantation of bone-marrow cells:
a pilot study and a randomised controlled trial. Lancet,
360: 427—435, 2002.

Minamino T, Toko H, Tateno K, et al: Peripheral-blood
or bone-marrow mononuclear cells for therapeutic angi-
ogenesis? Lancet, 360: 2083—2084; author reply 2084,
2002.

Tateno K, Minamino T, Toko H, et al: Critical roles of
muscle-secreted angiogenic factors in therapeutic ne-
ovascularization. Circ Res, 98: 1194—1202, 2006.
Shimizu N, Asai T: Analysis for the optimal blood draw
speed to collect sufficient peripheral blood mononuclear
cells by COBE Spectra. Ther Apher Dial, 8: 190—193,
2004.

Tkenaga S, Hamano K, Nishida M, et al: Autologous bone
marrow implantation induced angiogenesis and im-
proved deteriorated exercise capacity in a rat ischemic
hindlimb model. ] Surg Res, 96: 277—283, 2001.

Li TS, Hamano K, Suzuki K, et al: Improved angiogenic

potency by implantation of ex vivo hypoxia prestimu-



358 Japanese Journal of Transfusion and Cell Therapy, Vol. 54. No. 3
lated bone marrow cells in rats. Am J Physiol Heart Circ concentration is critical for enhancement of collateral
Physiol, 283: H468—473, 2002. artery growth. Am ] Physiol Heart Circ Physiol, 283:

18) Rehman J, Li J, Orschell CM, et al: Peripheral blood “en- H2411—2419, 2002.
dothelial progenitor cells” are derived from monocyte/ 21) Iba O, Matsubara H, Nozawa Y, et al: Angiogenesis by
macrophages and secrete angiogenic growth factors. implantation of peripheral blood mononuclear cells and
Circulation, 107: 1164—1169, 2003. platelets into ischemic limbs. Circulation, 106: 2019—

19) Kamihata H, Matsubara H, Nishiue T, et al: Implantation 2025, 2002.
of bone marrow mononuclear cells into ischemic myo- 22) Kinnaird T, Stabile E, Burnett MS, et al: Local delivery
cardium enhances collateral perfusion and regional of marrow-derived stromal cells augments collateral
function via side supply of angioblasts, angiogenic perfusion through paracrine mechanisms. Circulation,
ligands, and cytokines. Circulation, 104: 1046—1052, 2001. 109: 1543—1549, 2004.

20) Heil M, Ziegelhoeffer T, Pipp F, et al: Blood monocyte

THERAPEUTIC NEOVASCULARIZATION FOR ISCHEMIC LIMBS

Naomi Shimizu", Tohru Iseki", Jyunji Moriya®, Kaoru Tateno®, Tohru Minamino® and Issei Komuro®
"Division of Blood Transfusion, Chiba University Hospital

*Division of Cardiovascular Science and Medicine, Chiba University Hospital

Keywords:
ischemic limbs, endothelial progenitor cells, angiogenic factors

©2008 The Japan Society of Transfusion Medicine and Cell Therapy
Journal Web Site: http://yuketsu.gr.jp



