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Figure 10 Effects of implanting peripheral blood mononuclear cells (PB-MNC).
A: Limb perfusion measured by a laser Doppler analyser at 2 weeks after treatment (upper photographs). The graph

shows the ratio of ischemic limb (left) to nonischemic limb (right) blood flow. Data are shown as mean + SEM. A
Scale bar: 100um, *: p < 0.05, **: p < 0.01, versus PBS-treated group (n = 8). —
B: Immunohistochemistry for CD31 (lower photographs, brown) in ischemic limbs at 2 weeks after treatment with B

PBS, PB-MNC, or bone marrow (BM)-MNC. The number of CD31-positive cells per square millimetre is shown.

Data are shown as mean £ SEM.

Scale bar: 100um, *: p < 0.05, **: p < 0.01, versus PBS-treated group (n = 8).
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Figure 200 Depletion of VEGF receptor 2 (VEGFR2)-positive mononuclear cells did not affect the ability of implanted
cells to promote an increase in perfusion (A) and capillary density (B) at 1 week after implantation. A

Data are shown as mean + SEM.

Scale bar: 100um, R2(-): VEGFR2-depleted mononuclear cells, R2 (+): control mononuclear cells, *: p < 0.05, B

**: p <0.01, versus PBS-treated group (n = 8).
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Figure 30 Implantation of PB-MNC into human ischemic limb.
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Figure 50 Changes in the rest pain scale after im-
plantation of PB-MNC (A). Improvement of the
maximum walking distance after implantation (B).
Data are shown as mean + SEM. *: p <0.001
versus 0 month, #: p < 0.05, ##: p <0.001, versus
2 months (n = 29).
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Improvements in rest pain scale, ischemic
f{ﬁ ulcers,and walking diﬂrzau

Estimation of blood flow
Arteriography of the lower extremities,
Measurement of ABPI, a laser Doppler study,
thermography, and MRI

Estimation of atherosclerosis
Echocardiography, carotid artery
ultrasonography, cardiac scintigraphy, and
coronary angiography

Exclusion of malignancy
Laboratory tests, cytology, ultrasound, and
cT

Figure 40 Protocol of the study.

Figure 600 Ischemic ulcers before and after treatment.
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Tablell Clinical response and patient background

Non-responders Responders p
(n=28) (n=21)

Age 60.6 + 11.7 62.3 +11.3 n.s.
Gender
0 Male 7(87.50) 17 (81.00) n.s.
O Female 1(12.500) 4(19.000)
Diagnosis
0 ASO 6 (75.000) 13 (61.900) n.s.
O TAO 2(25.00) 8(38.10)
Ischemic status
O Fontaine 3 1(12.50) 3(14.30) n.s.
O Fontaine 4 7(87.50) 18 (85.700) n.s.
Previous revascularization 3(37.50) 5(23.80) n.s.
Duration of illness (month) 19.6 +24.0 52.1 +55.8 n.s.
ABPI 0.85 = 0.20 0.77 £ 0.28 n.s.
Rest pain scale 2.90 = 1.40 2.90 = 1.00 n.s.
Need for major amputation 7(87.50) 14 (66.70) n.s.
Complications
0O CRFon HD 4(50.000) 10 (47.60) n.s.
0O CAD 4(50.000) 9 (42.90) n.s.
OLVEF (O) 48.1 +28.4 48.2 +28.1 n.s.
0 CcvD 3(37.50) 5(23.80) n.s.
O Diabetes 6 (75.00) 10 (47.600) n.s.
O Hyperlipidemia 4 (50.00) 12 (57.10) n.s.
O Hypertension 4 (50.000) 9 (42.900) n.s.
0 MBP (mmHg) 81.0 = 34.1 86.8 + 31.9 n.s.
Laboratory data
0 FBS (mg/dL) 139.6 + 45.1 133.2 + 49.3 n.s.
0O HbAlc (O) 56+ 09 58+ 09 n.s.
0 T-Cho (mg/dL) 169.8 + 33.2 184.6 + 37.2 n.s.
0 LDL-Cho (mg/dL) 105.6 + 24.6 114.8 + 32.7 n.s.
0 HDL-Cho (mg/dL) 43.9 + 10.0 49.7 +£10.7 n.s.
0 Peak CRP (mg/dl) 29+38 54+ 11.0 0.018

Data are shown as mean = SD or the number of patients ((J ).

ASQ: arteriosclerosis obliterans, TAO: thromboangiitis obliterans, ABPI: ankle-brachial
blood pressure index, CRF: chronic renal failure, HD: haemodialysis, CAD: coronary
artery disease, LVEF: left ventricular ejection fraction, CVD: cerebrovascular disease,
MBP: mean blood pressure, FBS: fasting blood sugar, T-Cho: total cholesterol, LDL:
low density lipoprotein, HDL: high density lipoprotein, CRP: C-reactive protein

Patients with osteomyelitis were excluded for analysis of CRP data.
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Figure 70 Factors associated with the response to treatment.
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Results are shown as box plots representing median, 25th and 75th percentiles as boxes and the range of data as bars.
*: p <0.05, versus non-responders (responders: n = 21, non-responders: n = 8).
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Figure 800 Impairment of PB-MNC-induced neovascularization in IL-13-deficient mice.

A: The graph shows relative blood flow in the ischemic limbs of wild-type mice treated with PBS (PBS - Wild), wild-type PB-MNC
(Wild - Wild), or IL-1B-deficient PB-MNC (KO - Wild) and the limbs of IL-13-deficient mice treated with PBS (PBS - KO) or
wild-type PB-MNC (Wild - KO).

B: Immunohistochemistry for CD31 in ischemic limbs.

C: Expression of VEGF in ischemic limbs of the same mice at 1 week after treatment was analysed by the ribonuclease protection
assay (RPA). Relative expression to that of L32 (the internal control) is shown.

D: Expression of IL-183 in ischemic limbs of the same mice at 1 week after implantation was analysed by RPA and relative expres-
sion to that of L32 is shown.

Data are shown as mean £ SEM. ND: not detected, *: p < 0.05, **: p < 0.01, versus PBS - Wild (n =5)

E, F and G: The graph shows blood flow (E), capillary density (F) and expression of IL-183 (G) in the ischemic limbs of wild-type
mice with IL-18-deficient bone marrow treated with PBS (PBS - Wild + KO-BM) or IL-13-deficient PB-MNC (KO - Wild + KO-
BM) and the limbs of I1L-13-deficient mice with wild-type bone marrow treated with IL-13-deficient PB-MNC (KO - KO + Wild-BM).
Data are shown as mean £ SEM. *: p <0.05, **: p <0.01, versus PBS - Wild + KO-BM (n =5).
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Figure 900 Mononuclear cell implantation increases the production of angiogenic factors by muscle cells.

A: Immunohistochemistry for IL-18 (brown) in ischemic limbs at 5 days after implantation. A | B
Scale bar: 50um.
B: In situ hybridization for IL-18 (arrow) in ischemic limbs at 5 days after implantation. c|D

AS: antisense probe, S: sense probe, HE: hematoxylin eosin staining

C: C2C12 cells were cultured under differentiating conditions with or without PB-MNC (2.5 x 10° cells/ml) for 24 hours and
expression of angiogenic cytokines was examined by RPA. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the
control.

D: Immunohistochemistry for CD31 in the ischemic limbs of wild-type mice treated with wild-type PB-MNC (Wild - Wild) and the
limbs of IL-18-deficient mice treated with wild-type PB-MNC (Wild - KO), or wild-type PB-MNC plus IL-13 (Wild + IL-18 -
KO) at 1 week (upper) and 3 weeks (lower) after implantation.

Scale bar: 100m.
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Implantation of Peripheral Mononuclear Cells:
I nvestigation into M echanisms of Ther apeutic Neovascularization

Tohru Minamino, Kaoru Tateno, and Issei Komuro

Department of Cardiovascular Science and Medicine, Chiba University Graduate School of Medicine, Chiba, Japan

Key words: endothelia progenitor cells, angiogenic factors, muscle cells

We enrolled 29 no-option patients with critical limb ischemia and treated ischemic limbs by implantation of periph-
eral mononuclear cells. Cell therapy using peripheral mononuclear cells was very effective, and its efficacy was associ-
ated with increases in the plasmalevels of interleukin-13 (IL-18). Upon an experiment with IL-18-deficient mice, alimb
ischemia model, we found that implanted cells do not secret angiogenic factors sufficient enough for neovascul arization.
Instead, they stimulate muscle cells to produce angiogenic factors, thereby promoting neovascularization in ischemic
tissues. Further studies will allow us to develop more effective treatments for ischemic vascular disease.

(3 Jpn Coll Angiol, 2006, 46: 255-263)
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