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precisely represent the production or consumption of
endostatin in the local coronary and cranial milieus and
could have been influenced by acute ischemic events
hecause several angiogenesis-related factors have been
known to be influenced by the time course ol tissue
ischemia/necrosis.®? In the present study, we obtained
more site-specific samples from the CS and the LV that
could represent the actual dynamics of endostatin in the
coronary circulation. In our study, CS levels of endosta-
tin were significantly elevated in patients with CHD. This
tinding suggests that the production of endostatin, which
is considered as an antiangiogenic growth factor, in the
heart may be associated with the pathology of CHD. So,
we calculated the difference between the CS and LV
(CS — LV), which may represent the production or con-
sumption of endostatin across the coronary circulation to
evaluate the factors affecting the level of endostatin. The
importance of determining the actual dynamics of several
substances in the coronary circulation has been stressed
recently.!®!! To our knowledge, this is the first study to
investigate the dynamics of endostatin in chronic CHD
within the coronary circulation.

In patients with CHD with total (or near total) coro-
nary occlusion, the CS — LV values of endostatin were
significantly higher than in those without such occlusion,
whereas the presence of CHD risk factors (hypertension,
diabetes, dyslipidemia, smoking, and obesity), LV sys-
tolic dysfunction, and the greater extent of coronary
atherosclerosis were not associated with CS — LV values
of endostatin. These results may indicate that in patients
. with severe coronary stenosis requiring collateral growth,
endostatin could be produced significantly within the
coronary circulation, and it may have possible effects in
regulating coronary collateral vessels. In this study, we
divided patients with collaterals according to the collat-
eral flow grade. We found that incomplete filling of
coronary collateral vessels led to more production of
endostatin within the coronary circulation. A similar re-
sult has been shown in pericardial levels of endostatin,
which were significantly reduced in patients with well-
developed coronary collateral vessels.* To explain this
finding, there are 2 possible hypotheses. First, the pres-
ence of endostatin may impair coronary collateral
growth. A similar observation supporting this hypothesis
was found in diabetic patients who exhibited impairment
of collateral vessel development in the heart, mostly due
to reduced expression of vascular endothelial growth
factor and alterations in the biology .of endothelial pro-
genitor cells.!>!* Genetic and environmental factors may
lead to the production of endostatin in the heart accom-
panied with the reduction of angiogenic growth factors.
Second, endostatin may have a regulatory effect on the
development and maintenance of coronary collaterals.

Several angiogenic growth factors (e.g., vascular endo-

thelial growth factor) induce new blood vessel formation
in response to stimuli such as hypoxia.'4-!® In contrast,
the maintenance of endothelial quiescence is believed (o
be due to the presence of antiangiogenic growth factors."*
Angiogenic and antiangiogenic growth factors often co-
exist in tissues in which angiogenesis is executed.'+ 1513
Thus, the status of endothelial cells is determined by a
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balance between these positive and negative factors.'?
Unlike inappropriale angiogenesis, such as tumor angio-
genesis, antiangiogenic growth factors such as endostatin
may have an important role in appropriatc (physiological)
angiogenesis. Further studies are needed, such as those
concerning the expression site of endostatin in heart
tissue, time course of the production of endostatin during
collateral vessel formation, and its interaction with other
angiogenesis-promoting growth factors.

This study has some limitations. We have no direct
evidence that endostatin is associated with coronary col-
lateral growth. Further experimental studies should be
considered. We cannot exclude the time course influence
of endostatin by myocardial ischemia because the design
of this study was cross sectional. However, to our best
knowledge, no studies have specifically addressed the
time course of endostatin after acute myocardial isch-
emia, unlike several other angiogenesis-related growth
factors.®? In addition, it was somewhat difficult to eval-
uate the systemic endostatin in our study because of the
possible influences of systemic vascular diseases, the
coincidental complication of neoplasms and chronic in-
flammatory disorders, although the CS — LV value of
endostatin was not influenced.
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Abstract

Bone marrow implantation (BMI) has been utilized for the treatment of limb ischemia, however, serum markers have not yet been
reported to express the degree of limb ischemia. We analyzed the serum levels of several cytokines including erythropoietin (EPO) in the
treated legs and the contralateral ones in 11 patients with limb ischemia treated with BMI. The EPO level in the pre-treated legs in the 5
patients with arteriosclerosis obliterans revealed a good correlation with ankle—brachial pressure index. The EPO level, but not the levels of
TNF-a, VEGF, and bFGF in the pre-treated legs was significantly higher than that in the contralateral legs in the 11 patients, and the EPO
level decreased in 4 weeks after BMIL. The serum EPO level may express the degree of limb ischemia presumably through the reactive

production of EPO in ischemic tissue.
© 2007 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

The discovery of endothelial progenitor cells {1] has led
to cell therapy for the treatment of tissue and organ ischemia
such as bone marrow implantation (BMI) [2]. The
production of vascular endothelial growth factor (VEGF)
by muscles is induced through hypoxia inducible factor-1
(HIF-1) [3], and erythropoietin (EPO) is also one of the
cytokines regulated by HIF-1 [4]. We supposed that serum
levels of VEGF and EPO may reflect the degree of limb
ischemia. We then investigated the change of serum cytokine
levels in the bilateral femoral vein before dnd after BMI.
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2. Methods

The entry criteria for patients to be enrolled in the present
study was that they had symptoms of chronic limb ischemia,
including severe intermittent claudication, rest pain or non-
healing ischemic ulcers, but were not considered to be suitable
candidates for non-surgical or surgical revascularization.
Among the 19 patients treated with BMI from December,
2001 to April, 2004, 8 patients were excluded from the study as
follows: 3 patients underwent hemodialysis and EPO
administration, . | treated for upper limb ischemia, 1 with
limb ischemia caused by hypereosinophilia, 2 without
complete blood sampling, and a patient with an exceptionally
high EPO level as a result of severe anemia (Hct 25.3%).
Finally, 11 patients were studied, i.e., 5 with arterial sclerosis
obliterans (ASO), 4 with Buerger’s disease, and 2 with
thromboembolism. Bone marrow mononuclear cells were
implanted into the ischemic leg by means of an intramuscular
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Fig. 1. The correlation between physiological parameters of limb ischemia [TcO, or ABI] and the serum level of EPO before treatment. Panels A and B show the
correlations of TcO, and ABI to the serum EPQ level before treatment, respectively. The solid and broken lines indicate regressions in the total cases (n=11)and
the patients with ASO (n=5), respectively. TcO,: tissue oxygen pressure, ABI: ankle-brachial pressure index, EPO: erythropoietin, ASO: atherosclerosis

obliterans.

injection. Clinical data was obtained weekly for the first month
of the treatment. Ankle—brachial pressure index (ABI) and
transcutaneous oxygen pressure index (TcO,) were monitored.

Serum was obtained from bilateral femoral veins before
and 4 weeks after BMI to measure cytokine levels. The
serum level of EPO was determined by an enzyme-linked
immunosorbent assay (ELISA) according to the manufac-
turer’s instructions (Roche Diagnostics, Mannheim, Ger-
many). For the measurement of VEGF, TNF-«, and bFGF, a
cytometric bead assay system was utilized (Human Angio-
genesis Kit, BD Biosciences, San Diego, USA).

3. Results

TcO, measured in the pre-treated legs, but not ABI,
improved by BMI (P<0.05) 4 weeks after treatment ([TcO;]
basement: 30.6+20.7 mm Hg, 4 weeks: 42.4+16.5 mm Hg,
P=0.0466; [ABI] basement: 0.585+0.312, 4 weeks: 0.611+
0.327, P=0.4248). The serum EPO level in the femoral vein
did not correlate with ABI (R=-0.5332, P=0.0912) or TcO,.
The patients with ASO (n=>5) revealed a significant correlation
of the EPO level and ABI (R=—0.9484, P=0.0140) (Fig. 1).
No correlations were observed between the levels of other
cytokines and the physiological parameters (data not shown).

As shown in Fig. 2A, the EPO level was higher in the pre-
treated legs than in untreated legs before treatment (P<0.01),
therefore the laterality of the EPO levels may reflect the degree
of leg ischemia in individuals. The laterality of the EPO level
disappeared 4 weeks after BMI (Fig. 2B). The EPO level
decreased in the treated legs (Fig. 2C), but not in the untreated
legs (Fig. 2D), after the treatment. No significant change was
observed in the levels of other cytokines (data not shown).
There was no difference in hematocrit levels measured before
and after BMI (basement: 36.67+3.69%, 4 weeks: 37.67+
4.38%, P=0.3784).

4. Discussion

TcO, reflects peripheral blood-flow, while ABI is affected
by sténosis in relatively large arteries. BMI introduces small
vessel angiogenesis, which may improve TcO, but not ABL
On the other hand, the total amount of produced EPO in the
ischemic loci is virtually prescribed by the degree of the
ischemia and the volume of EPO-producing tissue, which
may correlate to ABIL. The elevated level of EPO decreased
after BMI through the improvement of limb ischemia. A
study will follow to observe the change of EPO level in
patients with limb ischemia treated with conventional
therapies such as bypass operation and percutaneous
transluminal angioplasty.

Beyond the erythropoietic effect, EPO also expresses a
tissue-protective effect in an autocrine/paracrine manner in
the cardiovascular and the central nervous system in
physiological situations, as well as in several cancers in
pathological situations:[5,6]. The plasma levels of EPQ,
thrombopoietin, GM-CSF, and soluble kit-ligand were
reported to increase in the mouse ischemic hindlimbs [7].
Ischemic tissues may regulate neovascularization through
the direct release of these hematopoietic cytokines in the
ischemic loci. The observations in the present study may
support the findings above in a clinical situation. The reason
is not known why the VEGF level did not reflect ischemia.

The significant-laterality of the femoral vein EPO level
and the decrease after treatment may, at least, refer to the
clinical importance of the level of this unique cytokine, EPO,
for the estimation of tissue ischemia.
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Summary
Therapeutic angiogenesis using peripher-

al blood stem cells for hemodialysis
patients

Motoki Yonekawa *, Takashi Horie *,
Ichiro Tsuda * and Akio Kawamura *

Therapeutic angiogenesis using bone marrow
cell transplantation was reported and this therapy
was found to be useful for arterio sclerosis obliter-
ans (ASO) treatment. We attempted the same
procedure using peripheral blood stem cell collec-
tion (PBSCC). One hundred and nineteen
patients were included in this study, 84 were
hemodialysis patients. They all had peripheral
arterial disease (PAD), 109 in the legs and 10 in
the arms. Patients were given 5ug/kg/day G-
CSF for four days, subcutaneously. PBSCC was
performed on day four. For all patients, 8.3 /
peripheral blood was treated with an apheresis
machine (CS-3000 or Spectra) and 3.6 10" CD
34 cells were harvested, along with mononuclear
cells, red blood cells and platelets. The CD34 cells
were not purified with the magnetic bead method.
CD34 enriched fluid (56.9 m!) was injected at
114 points in the arm and leg muscle on the same
day. Thirty six patients recovered. Elimination of
foot ulcers continued over a four years period. The
symptoms of the 29 patients did not change but
their extremities were maintained. Fifty four
patients required amputations because their ulcers
became necrotic or infected.

Key words : therapeutic angiogenesis, PBSC, CD
34 cells, hemodialysis
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