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Abstract

Background: We recently isolated angiogenic cell precursors (ACPs) from human blood, which can induce angiogenesis in vitro.
Aims: In the present study, we used a nude rat model of ischaemic cardiomyopathy to compare the efficacy of intramyocardial and
intracoronary ACP implantation, and to evaluate effects on cardiac function, scar size and angiogenesis.
Methods and results: Adult nude rats underwent coronary artery ligation. Six days later, ACPs (characterized in vitro prior to implantation) or
culture media were injected directly into the ischaemic myocardial region or into the coronary artery via the aorta. Cardiac function was
measured by echocardiography prior to and at 2 and 4 weeks after implantation. Scar morphology, cell engraftment, and myocardial
angiogenesis were evaluated at 4 weeks. Two and four weeks after implantation, cardiac function declined in both of the control groups but
improved in both the intramyocardial and intracoronary ACP groups. Significant reductions in myocardial scar area were only observed in
the intramyocardial ACP group, while increases in blood vessel density, which were observed in all ACP recipients, were greatest in the
intracoronary ACP group.
Conclusions: Human ACPs, delivered via intramyocardial or intracoronary injection, engrafted into damaged cardiac tissue and improved
cardiac function within 4 weeks through effects on scar morphology and blood vessel formation.
© 2008 European Society of Cardiology. Published by Elsevier B.V. All rights reserved.
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1. Introduction

Physiological organ function requires continuous tissue
perfusion. Following a myocardial infarction, neoangiogen-
esis augmenting the capillary network within the infarct bed is
insufficient to keep pace with the extent of tissue growth
required for contractile compensation. Most preclinical and
clinical interventions for ischaemic tissue revascularization
[1–5] involve delivering genes for angiogenic growth factors,

such as vascular endothelial growth factor (VEGF) or basic
fibroblast growth factor (bFGF), into ischaemic tissue to
stimulate additional vessel growth. Bone marrow-derived
endothelial progenitor cells (EPCs), which are augmented in
response to cytokines and/or ischaemic factors, localise to sites
of neovascularization and are incorporated into new vessels
[6–9], increasing regional perfusion within the ischaemic
myocardium and improving cardiac function [10–14].

We recently generated angiogenic cell precursors (ACPs)
from human peripheral blood. Similar to EPCs, ACPs simul-
taneously express Ulex-lectin and uptake of acetylated low
density lipoprotein (Ac-LDL), as well as cluster of differ-
entiation (CD): CD34, CD133, CD144, VEGF receptor 2
(KDR), Tie-2, von Willebrand factor (vWF), and CD31Bright.
They also secrete interleukin-8 (IL-8), VEGF, and angiogenin,
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and are involved in the formation of tube-like structures
in vitro [15]. In the present study, we investigated the in vitro
tube formation and migratory capabilities of ACPs pre-loaded
with Ac-LDL, and then evaluated their effects on cardiac
function, morphology and histology, in a nude rat model of
ischaemic cardiomyopathy. We also compared the effective-
ness of two routes of ACP delivery: intramyocardial and
intracoronary implantation.

2. Methods

2.1. In vitro cell characterization

2.1.1. Cell culture
Low density synergetic cell populations (SCPs) were

isolated from individual healthy adult blood samples
obtained from the Israeli Blood Bank as described previously
[15]. To generate ACPs, SCPs were cultured at a concentra-
tion of 1.5–3.0×106 cells/ml in X-vivo 15 serum-free media
(Cambrex, East Rutherford, NJ) supplemented with 10%
autologous human serum, 1–10 ng/ml vascular endothelial
growth factor (VEGF, R&D Systems, Minneapolis, MN) and
5 IU/ml heparin (Kamada, Beit-Kama, Israel). The investiga-
tion conformed to the principles outlined in the Declaration of
Helsinki (Br Med J 1964;ii:177).

2.1.2. Tube formation assay
To evaluate angiogenic capacity, ACPs (0.1–0.4×106

cells/ml) were pre-loadedwith Ac-LDL-DiO (BTI, Stoughton,
MA) using an in vitro angiogenesis assay kit (Chemicon),
according to the manufacturer's directions. Angiogenic
patterns and vascular tube formation were scored as previously
described [16].

2.1.3. Flow cytometry
Prior to implantation, the ACPs (5×105 cells) were

incubated with specific fluorochrome-conjugated CD34-
APC (BD Biosciences, San Jose, CA), CD117-APC (Dako-
Cytomation) and CD31-FITC (eBioscience, San Diego, CA),
or with isotype-matched non-specific controls, and analyzed
by flow cytometry. Exclusion of dead cells from the final
analysis was performed using 7-AAD (eBioscience) staining.
The data were analyzed with CellQuest Pro software (Becton
Dickinson).

2.1.4. Cell migration assay
Harvested ACPs were loaded with 0.8 mg/ml Ac-LDL-

DiO for 15 min at 37 °C. One million pre-loaded ACPs were
placed on 8 µm pore size microporous membrane inserts
(Nunc, Roskilde. DK); 200 ml media were placed at the
bottom of the wells, and the cells were allowed to migrate

Fig. 1. In vitro characteristics of ACPs. A–B: Photomicrographs illustrating the typical elongated, spindle-shaped morphology of cultured ACPs (A), and the
angiogenic potential of ACPs indicated by organization into tube-like structures (arrows, B). C: Migration of ACPs pre-loaded with Ac-LDL-DiO toward
positive control medium enriched with 20 ng/ml each of VEGF, SCF and bFGF was significantly higher than spontaneous migration toward negative control
medium (#pb0.01). D: ACP migration toward increasing concentrations of IL-8 (0.08 ng/ml–60 ng/ml; logarithmic scale) was also enhanced at IL-8
concentrations between 6.7 and 20 ng/ml (*pb0.05 relative to concentrations outside range).
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towards the media. Following 1 h of incubation in the
presence of Negative Control (M199; Sigma-Aldrich, St.
Louis, MO), Positive Control (20 ng/ml VEGF, 20 ng/ml
bFGF, 20 ng/ml SCF), or IL-8 (0.08–60 ng/ml) (PeproTech,
Rocky Hill, NJ), the number of labelled migrating cells was
automatically counted in 10–15 random fields (0.178 mm2

each) using a fluorescent microscope and NIH ImageJ
software. Cell counts were used to calculate the number of
migrating cells per mm2.

2.2. In vivo experiments

2.2.1. Animals
All experimental procedures were approved by the

Animal Care Committee at the University Health Network.
The investigation conformed to the Guide for the Care and
Use of Laboratory Animals published by the US National
Institutes of Health (NIH Publication No. 85-23, revised
1996). Adult male nude rats (200 to 250 g, Charles River,
Canada; n=28) were used.

2.2.2. Rat myocardial ischaemia model
Myocardial infarction was generated by ligation of the left

anterior descending coronary artery as described previously
[17], following baseline echocardiographic assessment of
cardiac function as described in the “Evaluation of Cardiac
Function” section. Electrocardiography was used to monitor
the induction of ischaemia and to prevent premature death
from excessive ventricular arrhythmia.

2.2.3. Animal selection
Six days after LAD ligation, echocardiography was

performed to select animals for the study, according to the
following criteria (designed to minimize variations in infarct
size and cardiac function): infarct size longer than 0.8 cm but
shorter than 1.2 cm; percent fractional shorting (%FS) higher
than 20% but lower than 40%.

2.2.4. Cell transplantation
The selected rats were randomly assigned to 4 groups.

ACPs (1.5×106 cells in 50 μl/rat) or culture media (con-
trols) were injected directly into the infarcted myocardium
(M-Cell, n=9; M-Control, n=5) or into the coronary artery
via the aorta (C-Cell, n=9; C-Control, n=5), as follows:

Intramyocardial cell implantation: Under general anaes-
thesia, the heart was exposed through a left intercostal
incision. The cells were delivered by three injections directly
into the ischaemic zone (comprised of scar area and border
region). The chest was closed with 3-0 Vicryl sutures.
Intracoronary cell implantation: The right neck and upper
sternal area were incised to expose the carotid common
artery, brachiocephalic trunk, arch and ascending aorta. 5-
0 silks were laid under the arch (between the left common
carotid artery and the brachiocephalic trunk) and the
brachiocephalic trunk in preparation for the occlusion. A

24 GA 0.75IN I.V. catheter (BD Insyte) was inserted from
the carotid common artery into the ascending aorta. The
aortic arch and brachiocephalic trunk were occluded by
the under-laid silks for 5 s during the cell injection in order
to ensure that the cells perfused into the coronary artery.

Fig. 2. Changes in left ventricular function evaluated by echocardiography.
Differences (compared to pre-transplantation baseline, day 0) in fractional
shortening (FS; A) functional area contraction (FAC; B), and ejection
fraction (LVEF; C) were calculated at days 14 and 28 after ACP or media
implantation in the groups that received ACPs by intramyocardial or
intracoronary injection (M-Cell, C-Cell, respectively) and in the respective
media control groups (M-Control, C-Control). By day 14, the changes
(improvements) in all three measures were significantly greater in the ACP
transplant groups than in the control groups (pb0.01, white bars). By day 28,
the changes (improvements) in FS and LVEFwere significantly greater in the
ACP transplant groups than in the control groups (pb0.05 and pb0.01,
respectively, black bars). n=9/cell group/time point; n=5/control group/time
point.
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The neck and upper sternal incisions were closed with 3-0
Vicryl sutures.

2.2.5. Evaluation of cardiac function
Echocardiography:
Echocardiographic examinations were performed using

an ACUSON SEQUOIA C256 System with 15L8 transducer
(13 MHz). Left ventricular (LV) end diastolic and systolic
diameters and areas were measured, and %FS, functional
area contraction (%FAC) and LV ejection fraction (%LVEF)
were calculated as described previously [17,18].

Pressure–volume measurement:
End-point functional and morphological assessments

were performed using a Millar and conductance catheter
(Millar Instruments, USA), as described previously [17]. The
left ventricular pressure and volume relationship was
analyzed, and real-time pressure–volume loops were con-
structed. +dP/dt max, −dP/dt min (indices of systolic and
diastolic function, respectively), and end diastolic volumes
(EDV) were compared between groups.

2.2.6. Morphological study
After functional measurements, hearts were quickly

excised. An intraventricular balloon was inserted into the

left ventricle of each heart, and intraventricular pressure was
maintained at 30 mmHg. The hearts were fixed, and then cut
into 2 mm thick slices. Heart slices (n=5 per animal) were
photographed, and computed planimetry was used to cal-
culate scar area and scar thickness for each heart. Scar areas
were presented as a percentage of the left ventricular free
wall (LVFW) surface area, calculated as follows: (epicardial
scar length) / (epicardial LVFW length)×100. Scar thickness
was presented as an average of wall thickness measurements
taken at the middle and at each edge of the scar area at its
thinnest point.

2.2.7. Histological and immunohistochemical study
Single, 2 mm thick ventricular slices from each heart were

embedded in paraffin and cut into continuous 10 μm thick
sections. Sections were stained with haematoxylin and eosin
(Sigma Diagnostics, St. Louis, MO), following the manufac-
turer's directions, in order to reveal basic histological struc-
tures within themyocardial tissue and to identify the ischaemic
zone. Within this zone, the scar area and border region were
clearly visible, characterized by the appearance of fibrotic
tissue. To localize implanted cells within the ischaemic zone
and to identify cells positive for contractile or vascular
proteins, serial sections were immunohistochemically stained

Fig. 3. Left ventricular volumes and function evaluated by Millar catheter at 4 weeks after cell or media implantation. A: Representative pressure–volume loops
from rats that received ACPs by intramyocardial or intracoronary injection (Cell) and those in the respective media control groups (Control). Volume (μL) is
indicated on the x-axis, and pressure (μL) on the y-axis. B: End diastolic volume (EDV) was significantly smaller in the ACP transplant groups than in the control
groups (pb0.05). C–D: Maximum +dP/dt (C) and minimum −dP/dt (D) were significantly higher or lower, respectively, in both ACP transplant groups than in
the control groups (pb0.01 for M-Cell vs. M-Control, pb0.05 for C-Cell vs. C-Control). n=9/cell group; n=5/control group.
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with antibodies against human mitochondria (1:100; Chemi-
con, USA), myosin heavy chain (1:400; Santa Cruz, USA),
Troponin I (1:800; Covance, USA), or factor VIII (1:400;
DakoCytomation Inc., USA), according to the manufacturer's
directions. Blood vessels (factor VIII positive) and surviving
(engrafted) ACPs (human mitochondria positive) were
counted in 3 randomly-selected high power fields (400×;
0.2 mm2) in the scar area, and in 4 randomly-selected high
power fields (0.2 mm2) in the border region (two from each
side). In each case, quantification was carried out by a blinded
observer using a Nikon Eclipse TE200 Microscope. Blood
vessel density was expressed separately for the scar area and
the border region as the mean vascular density per 0.2 mm2 in
each region. Implanted cell survival was expressed as themean
number of ACPs per 0.2 mm2 in the myocardial ischaemic
zone.

2.2.8. Data analysis
All studies were performed in a blinded fashion, and data

were expressed as mean±SEM (or mean±SD for in vitro tube
formation assay and flow cytometry). Between-groups
comparisons were made using repeated measures and one-
way analyses of variance (ANOVA). Tukey's or least signif-
icant difference (LSD) multiple range tests were subsequently
performed when the F values were significant. Differences
were deemed significant when p values were b0.05.

3. Results

3.1. In vitro experiments

3.1.1. Characteristics of ACPs
The cultured ACPs showed typical morphology: elon-

gated and spindle-shaped cells along with large, circular cells
(~20 μm diameter) (Fig. 1A). Cells pre-loaded with Ac-
LDL-DiO generated tube-like structures (Fig. 1B) (Ac-LDL-
DiO+). Three individual batches expressing the stem cell
markers CD34 (23.6±1.9% of cells) and CD117 (1.9±1.2%
of cells), and the endothelial/angiogenic marker CD31Bright

(29.9±15.5% of cells) were used for in vivo implantation.
ACPs represent a heterogenic stem/progenitor cell popula-

tion containing both [1] CD34 and CD117 multipotent
haematopoietic cells that can potentially differentiate in vivo
in response to tissue signals at the site of injection, and [2]
linage specific angiogenic precursors.We defined the stemness
potential of ACPs as the percentage of multipotent cells
expressing CD34 and CD117. According to this definition, the
implanted ACP cell population exhibited an average stemness
potential of 25.5±0.8%. The angiogenic potential, represented
by the average number of angiogenic lineage cells expressing
CD31Bright, was 44.8±23.3×104 CD31Bright cells in 1.5 mil-
lion cells (Supplementary Table E1).

3.1.2. Migratory capability of ACPs
The migratory capability of Ac-LDL labelled ACPs was

tested in 5 independent experiments. The migration of ACPs

toward positive control medium containing 20 ng/ml each of
VEGF, SCF and bFGF was significantly higher (pb0.01)
than the spontaneous migration of these cells toward
negative control medium (Fig. 1C). A dose–response curve
assessing the migration of ACPs toward increasing con-
centrations of IL-8 was also performed. Consistent with the
behaviour of endothelial progenitor cells, cell migration
peaked at IL-8 concentrations between 6.7 and 20 ng/ml, and
was significantly (pb0.05) lower at concentrations outside
this range (Fig. 1D).

3.2. In vivo experiments

3.2.1. Survival
Two rats died during the LAD ligation procedure, and 2 rats

died shortly after the procedure. Three rats were excluded
from the study because they did not meet the infarct size
criteria for inclusion (2 because scarswere too small; 1 because
scar was too large). Two rats died following intramyocardial
media injection, and 1 rat died following intramyocardial cell
injection.

Fig. 4. Scar size and thickness evaluated by computed planimetry at 4 weeks
after cell or media implantation. A–B: Scar size (scar area expressed as a
percentage of the LV free wall area; A) was significantly reduced and scar
thickness (B) was significantly increased in the group that received ACPs
by intramyocardial injection (M-Cell) compared to its media control group
(M-Control), the group that received ACPs by intracoronary injection
(C-Cell), and the intracoronary media control group (C-Control; p=0.01 for
all comparisons). Differences in scar size and scar thickness in the C-Cell
group compared to the C-Control group were not statistically significant
(p=0.06 and p=0.07, respectively). n=9/cell group; n=5/control group.
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3.2.2. Cardiac function
Cardiac function was evaluated by echocardiography

(before LAD ligation, before cell/media implantation, and 2
and 4 weeks after implantation) and by pressure–volume
catheter measurements (4 weeks after implantation).

Echocardiography:
Two weeks after implantation of cells or media, both

groups of ACP-implanted rats exhibited significant increases
(relative to pre-implantation) in % FS, FAC, and LVEF, while
media-implanted rats (controls) exhibited decreases in heart
function by the same parameters. At the 2 week time point, %
FAC was significantly (pb0.05) increased in the M-Cell and
C-Cell groups relative to their respective controls (Supple-
mentary Table E2). Improvements from pre-implantation
(day 0) in FS, FAC, and LVEF were significantly greater by
2 weeks after implantation in both ACP-implanted groups
than in their respective controls (pb0.01 for all groups;
Fig. 2, open bars). By 4 weeks after implantation, % FS, FAC
and LVEF were increased non-significantly (relative to pre-
implantation) in both ACP-implanted groups, but decreased
in the control groups (Supplementary Table E2). Improve-

ments from pre-implantation (day 0) in FS and LVEF were
significantly greater by 4 weeks after implantation in both
ACP-implanted groups than in their respective controls
(pb0.05 and pb0.01, respectively; Fig. 2, black bars).

Pressure–volume catheter:
At 4 weeks after implantation, pressure–volume catheters

were used to measure real-time left ventricular pressure and
EDV. EDV was reduced in both ACP-implanted groups
compared to the control groups (pb0.05; Fig. 3A–B). Simi-
larly, both ACP-implanted groups exhibited higher maxi-
mum +dP/dt and lower minimum −dP/dt values than their
respective control groups (pb0.01 for M-Cell vs. M-Control,
pb0.05 for C-Cell vs. C-Control; Fig. 3C–D), with no signi-
ficant differences between the two cell delivery methods.

3.2.3. Morphology: left ventricular remodelling
Myocardial scar area and thickness were evaluated by

computed planimetry at 4 weeks after cell implantation.
Animals that received ACPs by intramyocardial injection
exhibited significantly smaller and thicker scars than those
that received ACPs by intracoronary injection, or those that

Fig. 5. Histology: angiogenesis. A–D: Representative photomicrographs (X 400) illustrating factor VIII staining to identify blood vessels in the myocardial
ischaemic zone of cardiac sections taken at 4 weeks after cell or media implantation in rats that received ACPs by intramyocardial or intracoronary injection
(M-Cell, C-Cell, respectively) and in the respective media control groups (M-Control, C-Control). Vascular endothelial cells in the blood vessels stained
positive for factor VIII (brown colour, arrows). E: Blood vessel density was significantly greater in the scar area and border regions of the ACP-implanted
groups compared to their respective controls (p=0.01 for all comparisons), and was greater in the border region compared to the scar area overall. Within
each region, vascular density was increased in the C-Cell compared to the M-Cell group (p=0.01). n=9/cell group; n=5/control group.
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received media (p=0.01 for all comparisons). Scar areas
appeared to be reduced and scar thicknesses increased in the
C-Cell group compared to the C-Control group, but these
differences were not statistically significant (p=0.06 and
p=0.07, respectively; Fig. 4).

3.2.4. Histology and immunohistochemistry
Four weeks after cell implantation, histological and

immunohistochemical studies were carried out to identify
the implanted cells and determine their location relative to
those expressing cardiac or vascular proteins.

Human proteins:
Antibodies against human mitochondria protein were

used to quantify implanted cell survival and to identify the
distribution and engraftment of the implanted human ACPs.
At 4 weeks after implantation, cells expressing human
mitochondria were observed in the ischaemic myocardium of
both ACP-implanted groups, but not in that of the control
groups. Overall, the density of surviving ACPs was greater
in the myocardial ischaemic zone of M-Cell animals than in
that of C-Cell animals (~29 ACPs/0.2 mm2 in M-Cell; ~20
ACPs/0.2 mm2 in C-Cell; pb0.01). Most cells delivered by
intramyocardial injection were retained in clusters in the scar
area, while those delivered by intracoronary injection were
mainly widely distributed in the border region (Supplemen-
tary Fig. E1 A–D).

Cardiac proteins:
Antibodies against myosin heavy chain and Troponin I

revealed some muscle-like cells in the myocardial ischaemic
zones of both ACP-implanted groups, while non-myogenic
cells were observed in the ischaemic zones of the control
groups. In the C-Cell group, cells expressing cardiac proteins
were more widely distributed than those in the M-Cell group,
and were located in closer proximity to the blood vessels
(Supplementary Fig. E1 E–L).

Vascular proteins:
Antibodies against factor VIII indicated higher blood

vessel density in the myocardial ischaemic zones of both
ACP-implanted groups than in those of their respective
controls (p=0.01; Fig. 5A–D). Comparison of the groups
that received ACPs revealed vascular density was signifi-
cantly greater in the border region (to which the majority of
ACPs delivered by the intracoronary route migrated after
injection) than in the scar area, and significantly greater in
the C-Cell than in the M-Cell group within each region
(p=0.01 for both regions; Fig. 5E).

4. Discussion

The present study characterizes the in vitro features of
human ACPs: specifically, the ability of cells pre-loaded
with Ac-LDL to form tube-like structures, and their
migratory potential. In addition, it evaluates the beneficial
effects of human ACPs delivered via intramyocardial or
intracoronary implantation in a nude rat model of myocardial
ischaemia, and suggests possible mechanisms underlying

these effects. We found that both routes of ACP delivery
were associated with improved cardiac function following
LAD coronary artery occlusion. The functional effects were
associated with significant increases in capillary density,
with newly formed muscle-like cells, and with decreases in
EDV, suggesting that the implanted ACPs induced neovas-
cularization and possibly heart tissue regeneration.

ACPs were chosen as the population for implantation
based on a number of considerations. First, ACPs can be
produced from human peripheral blood. These cells express
the multipotent stem cell markers CD34, CD117 and CD133.
They also possess the angiogenic lineage-specific character-
istics of concomitant Ulex-lectin binding and Ac-LDL
uptake, and express markers such as KDR, Tie-2, CD144
and vWF, as well as high levels of CD31 (CD31Bright).
Moreover, ACPs secrete angiogenic factors including VEGF
and angiogenin [15], and the cytokine IL-8, which is known
for its stem cell recruitment, anti-apoptotic and pro-
angiogenic capabilities [19]. Our in vitro study demonstrated
that ACPs have a high angiogenic capacity, and will migrate
toward various stem cell attractant chemokines. These
capabilities indicate that ACPs posses the characteristics of
both multipotent precursor cells and lineage-specific angio-
genic progenitors, suggesting a strong potential for effective
engraftment, blood vessel formation, and support of tissue
survival and regeneration.

The in vivo functional analyses demonstrated that ACP
implantation significantly enhanced cardiac function after
myocardial injury. This effect was associated with greater
improvements in FS, FAC and LVEF, and with decreased
ventricular dilatation in the ACP recipients relative to the
controls following intramyocardial or intracoronary cell
delivery. Improved systolic and diastolic function in the ACP
recipients was confirmed by greater maximum +dP/dt scores
and greater active relaxation during early diastole (repre-
sented by lower minimum −dP/dt scores) compared to con-
trols at 4 weeks after cell implantation. Future experiments
will clarify whether the functional benefits of the implanted
ACPs persist beyond the 4 week end point of this study, but
we can speculate on a possible mechanism. We observed in
this study that scar areas were reduced and thickened –
significantly in the M-Cell group – following ACP injection.
Stabilization of the ischaemic zone in the cell-treated animals
may have prevented the infarct expansion and adverse left
ventricular remodelling that led to systolic and diastolic
dysfunction in the control animals.

ACP recipients exhibited a number of cells in the
myocardial ischaemic zone that expressed human mitochon-
drial protein, indicating they were derived from the engrafted
human ACPs. Serial slides stained with antibodies against
cardiomyocyte markers also revealed the expression of
Troponin I in proximity to the engrafted ACPs, raising the
possibility that at least some stem/progenitor cells in the
ACP population transdifferentiated into myogenic cells
within the ischaemic zone. Such post-implantation myogen-
esis may have contributed to the observed changes in scar
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morphology and ventricular volume that were associated
with the cardiac functional improvements in ACP recipients.

In this study, ACP-implanted rats, especially those that
received the cells by intracoronary injection, experienced
significant increases relative to controls in blood vessel
density in both the scar area and border region. The implanted
ACPs may have increased blood vessel density by exerting a
paracrine effect: angiogenic factors secreted by the implanted
cells stimulated neovascularization by recruiting angiogenic
stem cells to the implanted area. Since we identified
angiogenic progenitor cells in the ACP population, it is also
possible that the implanted cells became incorporated into the
newly-formed blood vessels. An increase in blood vessel
density can enhance oxygen diffusion and penetration into
hypoxic tissues, thereby restoring oxygen to the mitochon-
dria and maintaining oxidative metabolism. The resultant
rescue of hibernating myocardium, reported in human
subjects after therapeutic angiogenesis [20], is another
contributor to cardiac functional restoration.

Cell transplantation to restore cardiac function after
myocardial infarction has been studied extensively in
preclinical studies and early phase clinical trials [21–28]. In
all these studies, donor cells were implanted either by
intramyocardial or by intracoronary infusion. However, few
studies have directly compared the effectiveness of these two
cell delivery routes, and the optimal route for cell trans-
plantation remains unclear. Accordingly, the current study
provides a useful comparison of intramyocardial and
intracoronary cell delivery, employed here to implant ACPs
into the ischaemic nude rat myocardium: When equal doses
of ACPs were given by two different routes, intracoronary
delivery resulted in less efficient ACP engraftment than did
intramyocardial delivery, but produced similar improvements
in cardiac function. In the M-Cell group, greater number of
cells concentrated in the implanted scar area increased scar
thickness and limited scar expansion, while in the C-Cell
group, the comparatively smaller number of ACPs that
migrated and engrafted into the border region stimulated
more blood vessel formation.

The current data suggest that human ACPs generated
from peripheral blood may represent a novel therapeutic
approach to treat myocardial ischaemic disease. Further
studies measuring the cell dose–responses for both intra-
myocardial and intracoronary cell delivery would allow us to
quantitatively compare the outcomes achieved at the optimal
dose associated with each route, further elucidating which is
the optimal cell delivery method to restore function in the
ischaemic myocardium. It would also be useful to examine
the effects of administering the cells using both routes in the
same animal, and to track the distribution of the implanted
cells within the body using a molecular imaging technique.
Finally, comparing the transcriptomes expressed by ACP
populations engrafted into different regions of the damaged
myocardium would help to clarify how these cells could
exert different effects within the tissue depending on the
route by which they are implanted.
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