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The clinical success of cell-based therapeutic angiogenesis has been limited in diabetic patients with critical
limb ischemia. We previously reported that an injectable cell scaffold (ICS), which is a nano-scaled hydroxy-
apatite (HAp)-coated polymer microsphere, enhances therapeutic angiogenesis. Subsequently, we developed
a modified ICS for clinical use, measuring 50 pm in diameter using poly(i-lactide-co-g-caprolactone) as a bio-

Keywords: degradable polymer, which achieved appropriately accelerated absorption in vivo. The aim of the present
i;a{)fo:d study was to evaluate the effectiveness of this practical ICS in diabetic hindlimb ischemia.
1abetes

Bone-marrow mononuclear cells (BMNCs) were intramuscularly injected, without or with a practical ICS,
into the ischemic hindlimbs of mice (BMNCs or ICS + BMNCs group, respectively). Kaplan-Meier analysis
demonstrated that the beneficial effects of BMNC transplantation for limb salvage after ischemic surgery
were almost entirely abrogated in streptozotocin-induced diabetic mice. In contrast, injection of
ICS + BMNCs revealed significant limb salvage in diabetic mice to a similar extent as in non-diabetic mice.
The number of apoptotic transplanted BMNCs was 1.8-fold higher in diabetic mice 10 days after transplan-
tation compared to non-diabetic mice, while that in the ICS + BMNCs group was markedly lower (8.3% of
that in the BMNCs group) even in diabetic mice. The proangiogenic factors VEGF and FGF2, also known as
antiapoptotic factors, mostly co-localized with transplanted GFP-positive BMNCs that were closely aggre-
gated around the ICS in ischemic tissue.

In conclusion, the practical ICS significantly augmented cell-based therapeutic angiogenesis even in dia-
betic animals, through local accumulation of proangiogenic factors and antiapoptotic effects in trans-
planted cells.
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© 2014 Elsevier Inc. All rights reserved.

1. Introduction

Patients with diabetes mellitus (DM) are at high risk of develop-
ing peripheral arterial disease (PAD) [1], and critical limb ischemia
(CLI), the most advanced stage of PAD, is associated with
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amputation and mortality [2]. PAD in DM patients is characterized
by multiple diffuse arteriosclerotic lesions throughout the lower
extremity artery. In particular, lesions that develop in the infra-pop-
liteal artery can become severe occlusive lesions accompanied by
calcification [3]. Therefore, DM patients with CLI cannot be treated
by revascularization procedures such as bypass surgery or translu-
minal angioplasty, often leaving amputation as the only option [1].

In the past decade, we and other groups have reported the
clinical effectiveness and safety of therapeutic angiogenesis by cell
transplantation as a treatment option for CLI [4-6]. Cell-based
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therapeutic angiogenesis aims to improve limb perfusion by
enhancing neovascularization using autologous bone marrow
mononuclear cells (BMNCs), stem cells, endothelial progenitor cells
(EPCs), and peripheral blood mononuclear cells (PBMNCs), thereby
regulating both the secretion of proangiogenic factors and endo-
thelial differentiation. Therapeutic angiogenesis is thought to be
especially important for diabetic patients with PAD because there
is no current treatment other than amputation for CLI in such
patients. However, diabetes reduces the effectiveness of cell-based
therapy [5], although the mechanisms underlying this interference
remain unknown.

We recently reported the development of a biodegradable
injectable cell scaffold (ICS), which is a nano-scaled hydroxyapatite
(HAp)-coated poly(i-lactic acid) (PLLA) microsphere that enhances
therapeutic angiogenesis [7]. HAp is the main mineral component
of bones and teeth, and artificially synthesized HAp has been
extensively used as a biomaterial because of its excellent adhesive
properties not only to hard and soft tissues but also to various type
of cells [8]. HAp nanocrystal coating was used for the ICS to over-
come the disadvantage of low cell adhesion property of biodegrad-
able polymer with hydrophobic surfaces [9]. Because about 80% of
the transplanted cells disappear from the injection site within
1 week after transplantation of BMNCs alone, maintaining trans-
planted cells in place is crucial to augment the effectiveness of
cell-based therapeutic angiogenesis. In fact, the ICS markedly
enhances angiogenesis and arteriogenesis through cell clustering
around the ICS, prolongs the presence of transplanted cells, aug-
ments expression of proangiogenic factors, and increases cell sur-
vival in non-diabetic mice [7]. However, because impaired
proangiogenic potential of bone marrow-derived cells is known
in diabetes [10], whether ICS is also useful in a diabetic model
remains unknown. Its efficacy must be verified in a diabetic model.

Furthermore, in order for the ICS to be clinically applicable,
modifications must be made to improve it according to clinical
use. In order to appropriately accelerate absorption to avoid
residual foreign particle accumulation in the living body, an
improved version was made by replacing the biodegradable
polymers constituting the core of the ICS from PLLA with a
molecular weight half-life of 52 weeks to copolymer of lactic
acid and e-caprolactone (75:25 ratio) with a molecular weight
half-life of 8 weeks, poly (iL-lactide-co-e-caprolactone) (PLCL)
(75.25) [11,12]. PLCL is one of the most promising biodegradable
polymers and has been used in the fields of orthopedic and
reconstructive surgery and tissue engineering [12]. Furthermore,
the particle diameter was reduced from 100 pm to 50 pm to
facilitate injection of a mixed preparation of cells and ICS using
a 24-22 gauge needle (an inner diameter of 370-480 um) and to
prevent clogging during intramuscular injection into patients
[11]. However, these modifications can hamper the function of
the ICS, because too rapid absorption can reduce cell-retaining
potential. Furthermore, smaller microspheres can exhibit less cell
adhesiveness because of greater curvature of the surface. Thus,
the effectiveness of the novel ICS must be confirmed.

In this study, the efficacy of the practical ICS was confirmed
using an ischemic rabbit model, which is a larger-animal model
than that of the mouse. Moreover, we examined whether ICS can
augment the efficacy of therapeutic angiogenesis in mice in a dia-
betic state that is often accompanied by CLI and markedly inhibits
the efficacy of therapeutic angiogenesis.

2. Materials and methods
2.1. Animals

BALB/cAJcl mice were purchased from Clea Japan, Inc. (Tokyo,
Japan). Male New Zealand white rabbits, enhanced green fluores-

cent protein (EGFP)-transgenic C57/BL6-Tg (CAG-EGFP) mice, and
wild-type C57BL/6NCrSlc mice were purchased from Japan SLC,
Inc. (Hamamatsu, Japan). The procedures used in this study were
approved by the Animal Care and Use Committee of Osaka City
University Graduate School of Medicine, Osaka, Japan (approval
number, 09023). Streptozotocin (STZ) induced insulin-deficient
diabetic mice were prepared as previously described [13].

2.2. Materials

Rat monoclonal anti-vascular endothelial growth factor (VEGF)
antibody (clone: RMO0009-2G02) was purchased from Angio-
Proteomie (Boston, MA), rabbit polyclonal anti-fibroblast growth
factor-2 (FGF-2) antibody was obtained from Abcam (Cambridge,
UK), and Alexa Fluor 594-conjugated goat anti-rat IgG antibody
and Alexa Fluor 594-conjugated chicken anti-rabbit IgG antibody
were purchased from Invitrogen Life Technologies (Carlsbad, CA).
4’ 6-Diamino-2-phenylindole dihydrochloride (DAPI) was obtained
from Pierce Biotechnology (Rockford, IL). The GFP ELISA kit was
obtained from Abcam (Cambridge, UK). E-Z TRAC Ultraspheres™
(colored microspheres 100 pm in diameter) was obtained from
Interactive Medical Technologies, Ltd (Irvine, CA).

2.3. Fabrication of novel ICS

The ICS was prepared according to our previous report [11].

2.4. Rabbit model of unilateral hindlimb ischemia and therapeutic
angiogenesis by autologous BMNCs transplantation

Neovascular formation in response to tissue ischemia was
examined in a rabbit model of unilateral hindlimb ischemia as
described elsewhere [14]. Briefly, at 1 week after femoral artery
excision, animals were transplanted with autologous BMNCs with
or without ICS as described below. Isolated autologous BMNCs
from both iliac crests were suspended in 1 mL of serum-free Dul-
becco’s Modified Eagle’s Medium and incubated with or without
ICS at 37 °C for 3 h. Rabbits subjected to unilateral limb ischemia
were randomly divided into three groups. The control group
received 1 mL vehicle. The second group received autologous
BMNCs (3.5 £ 1.1 x 107 cells per animal; BMNCs group), and the
third group received autologous BMNCs and the ICS
(3.8 +£0.9 x 107 cells per animal; BMNCs + ICS group). One mg of
the ICS was co-transplanted with 1.5 x 10° cells of BMNCs. At
2 weeks after transplantation, angiographic study or microvessel
evaluating study were performed.

2.5. Digital subtraction angiography and measurement of
microvascular density

To visualize dynamic perfusion, digital subtraction angiography
(Phillips BV312, Philips, Amsterdam, The Netherlands) was per-
formed as previously described [15]. To ensure consistency of
imaging conditions of angiography pictures, we evaluated collat-
eral vessels using pictures showing the full length of the caudal
artery. Collateral vessel formation was quantitatively assessed
using angiogram as previously described [16]. Microvascular den-
sity were also evaluated using colored microspheres in accordance
with the manufacturer’s instructions of E-Z TRAC Ultraspheres™
(Interactive Medical Technologies, Ltd, CA) and a previous report
[17]. If needed, see the electronic Supplementary material for
further details.
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2.6. BMINC transplantation in ischemic hindlimb of mice

BMNCs were harvested from 8-week-old male mice as previ-
ously described [7]. BMNCs (5 x 10° cells) were intramuscularly
injected, without or with a 1.5 mg (12,000 particles) of ICS, into
the unilateral ischemic hindlimbs of 8-week-old male mice imme-
diately after operative resection of the artery and vein, as described
elsewhere [7]. Diabetic or non-diabetic mice were implanted with
BMNCs derived from diabetic or non-diabetic mice, respectively,
without crossover. Ischemic operation, cell transplantation, and
evaluation of limb necrosis were performed by separate operators
in a blinded manner.

2.7. Measurement of GFP levels in ischemic tissue

We collected whole thigh muscle tissues 7 days after induction
of limb ischemia. GFP levels of the tissue lysate were quantified as
previously described [7].

2.8. Immunohistochemistry and terminal deoxynucleotidyl
transferase-mediated biotin-16-dUTP nick-end labeling (TUNEL) assay

Immunohistochemical staining for VEGF and FGF-2, and TUNEL
assay in ischemic thigh tissue were performed as previously
described [7].

2.9. Statistical analysis

Data are presented as means (SD). Statistical significance was
evaluated by ANOVA and Tukey'’s test for comparison and contrast
between multiple groups. Plots of the estimated limb survival ratio
after the operation were constructed by the Kaplan-Meier method
and were compared using the log-rank test. Odds ratios (ORs) of
each predictor for limb necrosis were estimated by univariate
logistic regression analysis. Statistical analyses were performed
using JMP 10.0.2 software and STATVIEW 5.0 software (SAS
Institute Inc., Cary, NC). P-values less than 0.05 were considered
statistically significant.

3. Results

3.1. Co-transplantation of ICS and BMNCs enhances collateral vessel
formation in a rabbit model

We previously presented the enhancing effect of a prototype ICS
on cell-based therapeutic angiogenesis using a mouse ischemic
model [7]. In this study, we first confirmed the usefulness of a
practical ICS using a rabbit model, which involves a much larger
animal compared to the mouse model. An angiographic study
was performed 3 weeks after ischemic induction (Fig. 1A). In order
to examine changes in collateral vessels by therapeutic angiogene-
sis, a region of interest (ROI) was set at the central side of the pop-
liteal artery stump, and the ratio of the vascular areas to the total
area of ROI was calculated as an angiogenic index. No significant
difference in angiogenic index was seen between the co-transplan-
tation of ICSs and BMNCs (BMNCs + ICS group) and BMNCs only
(BMNCs group); however, the angiogenic index was significantly
higher in the BMNCs + ICS group, but not in the BMNCs group, as
compared to the vehicle group (Fig. 1B). In addition, using colored
microspheres, we examined the microvascular density in ischemic
muscle that can trap microspheres of 100 um in diameter. The
estimated microvascular density in the BMNCs +ICS group was
markedly higher than in the vehicle group and the BMNCs group
(Fig. 1C).
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Fig. 1. Collateral vessel formation in rabbits with hindlimb ischemia by autologous
BMNC transplantation with ICS. (A) Digital subtraction angiography was performed
at 2 weeks after transplantation of vehicle, BMNCs alone, or BMNCs + ICS. Repre-
sentative angiograms of left ischemic lower limbs are presented. (B) Quantitative
analysis of collateral vessels in the ischemic thigh area were performed using the
arterial phase digital subtraction angiogram data (vehicle, n=3; BMNCs alone,
n=3; BMNCs +ICS, n = 4). (C) Quantitative analysis for microvascular density using
colored microspheres 100 um in diameter was also performed at 2 weeks after
transplantation of vehicle, BMNCs alone, or BMNCs + ICS (n = 4 in each group). Data
are shown as means (SD). *P < 0.05. Abbreviations: ICS, injectable cell scaffolds;
BMNC, bone marrow mononuclear cell.

3.2. Co-transplantation of the ICS and BMNCs enhances limb salvage
even in diabetic mice

Diabetic and non-diabetic mice were implanted with BMNCs
from diabetic and non-diabetic mice, respectively, without cross-
over. Hindlimb ischemia in BALB/c mice was used as an intractable
ischemia model as these mice show little spontaneous collateral
vessel formation in response to ischemia with ischemic hindlimb
necrosis [7]. In this limb ischemic model without diabetes, the
BMNCs group showed better limb survival, while the BMNCs + ICS
group revealed significantly more limb salvage than the BMNCs
group (Fig. 2A). Injection of the ICS alone did not improve limb sur-
vival as shown previously in the prototype ICS [7] (data not
shown). In diabetic mice, BMNCs + ICS improved limb survival sig-
nificantly, while BMNCs alone showed little or no therapeutic
effect (Fig. 2B).

Univariate logistic regression analysis was performed to inves-
tigate the impact of each intervention or the presence of diabetes
on limb necrosis using the combined data of mice in Fig. 1A and
B (Table 1). In non-diabetic mice, BMNC transplantation reduced
the risk of limb necrosis by 67%, while BMNCs + ICS reduced the
risk by 83% compared to the vehicle group. In diabetic mice,
BMNCs alone did not reduce the risk of limb necrosis. In contrast,
BMNCs + ICS reduced the risk by 89%. Moreover, we evaluated
the impact of diabetes on each intervention. While diabetes had
a 3.6-times higher risk of limb necrosis in the BMNCs group,
diabetes did not have an effect in the BMNCs + ICS group.

3.3. ICS prevents apoptotic cell death of transplanted BMNCs in
ischemic tissue of diabetic mice

To evaluate the mechanism underling limb salvage enhance-
ment by the ICS during BMNC transplantation in diabetic mice,
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Fig. 2. Augmentation of limb salvage by co-transplantation of ICS and BMNCs in diabetic mice. The survival curve for limb necrosis of hindlimb ischemic mice after ischemic
induction and simultaneous intramuscular transplantation of vehicle, BMNCs alone, or BMNCs + ICS. Non-diabetic and diabetic mice were transplanted with BMNCs from
non-diabetic (A) and diabetic mice (B), respectively, without crossover. Limb necrosis was evaluated every day after the ischemic operation in a blinded manner. The curve
was obtained using the Kaplan-Mayer method, and the difference between the two groups was compared using the log-rank test. *P < 0.05. Abbreviations: ICS, injectable cell

scaffold; BMNC, bone marrow mononuclear cell.

Table 1

The impact of each predictor for limb necrosis in each stratified group.

Stratification Predictors/reference

Non-DM (n = 120) BMNCs/vehicle
BMNCs + ICS/vehicle

BMNCs + ICS/BMNCs

BMNCs/vehicle
BMNCs + ICS/vehicle
BMNCs + ICS/BMNCs

DM (n = 60)

Vehicle (n=60) DM/non-DM
BMNCs (n = 60) DM/non-DM
BMNCs + ICS (n = 60) DM/non-DM

0Odds ratio (95% CI) P

0.321 (0.118-0.826) 0.0181
0.174 (0.063-0.450) 0.0002
0.543 (0.219-1.315) 0.1767
0.444 (0.056-2.597) 0.3719
0.111 (0.015-0.524) 0.0043
0.250 (0.056-0.965) 0.0441
2.613 (0.590-18.391) 0.2187
3.619 (1.100-14.375) 0.0336
1.667 (0.561-5.006) 0.3559

The odds ratios and 95% confidence interval (CI) of each predictor for limb necrosis estimated by univariate logistic regression analysis
in each stratified group according to diabetic conditions or interventions are shown. Diabetes and intervention were represented by
dummy nominal variables (non DM =0, DM = 1; Vehicle =0, BMNCs = 1, BMNCs + ICS = 2). Abbreviations: Cl, confidence interval;
BMNCs, bone marrow mononuclear cells; ICS, injectable cell scaffold; DM, diabetes mellitus.

we first investigated the localization of transplanted BMNCs in dia-
betic mice. BMNCs from EGFP-transgenic diabetic mice and ICSs
were transplanted into the ischemic hindlimbs of C57BL/6NCrSlc
diabetic mice. Intramuscular levels of GFP derived from BMNCs
were significantly higher in the BMNCs +ICS group than in the
BMNCs group at 7 days after transplantation both in non-diabetic
and diabetic mice (Fig. 3A). GFP levels of the BMNCs and
BMNCs + ICS group were not significantly different between non-
diabetic and diabetic mice. Next, we investigated the impact of dia-
betes on apoptotic cell death of transplanted BMNCs. Ten days
after injection of BMINCs alone, a larger proportion of transplanted
BMNCs were positive for TUNEL, suggesting apoptotic cell death, in
diabetic mice than in non-diabetic mice (Fig. 3B and C). In contrast,
little TUNEL-positivity was observed in BMNCs around the ICS even
in diabetic animals.

To clarify the mechanism underlying how the ICS prevents
apoptosis of transplanted BMNCs, we investigated the localization
of the proangiogenic mediators VEGF and FGF-2, also known as
anti-apoptotic factors for transplanted BMNCs, in ischemic muscle
of diabetic mice 7 days after transplantation. The expression of
these factors mostly co-localized with implanted GFP-positive
BMNCs around the ICS, with some diffusion from the clusters of
BMNCs and ICS (Fig. 3D).

4. Discussion

The present study demonstrated the effectiveness of a practical
ICS in enhancing cell-based therapeutic angiogenesis in rabbits,
which is an animal that is much larger than a mouse, and in

STZ-induced diabetic mice. Furthermore, this is the first study to
demonstrate that diabetes significantly accelerates apoptotic cell
death of transplanted cells in vivo, compared to non-diabetic mice.
The ICS provides a promising local environment for implanted cells
with positive effects on limb salvage even in diabetic animals,
similar to non-diabetic animals.

In this study, the transplantation of BMNCs alone decreased the
risk of limb necrosis by 68% in non-diabetic animals, whereas the
transplantation of BMNCs alone showed no therapeutic effect in
diabetic animals (Table 1). Meanwhile, the limb salvage effect by
co-transfection of the ICS and BMNCs was comparable in the dia-
betic model and the non-diabetic model (Fig. 2 and Table 1). The
effectiveness of cell-based therapeutic angiogenesis is reportedly
lower in diabetic patients than in non-diabetic patients [5], but
the cause of this remains to be elucidated. Since local administra-
tion of healthy CD34-positive angiogenic cells improves blood flow
and wound healing in hindlimb ischemia and skin wound models
of diabetic mice [18,19], alterations in implanted cells by a diabetic
milieu may be responsible for the lower therapeutic efficacy in
diabetic subjects. EPCs are known as primary bone marrow-
derived angiogenesis-promoting cells. EPCs isolated from a
diabetic model reportedly have the decreased ability to secrete
cytokine and to migrate, and promote apoptosis in vitro [10,20].
This study also showed that apoptotic cell death is higher in trans-
planted BMNCs in diabetic animals than in non-diabetic animals
in vivo (Fig. 3B). We previously reported that the therapeutic
benefit of cell-based therapeutic angiogenesis using the ICS is
attributable to an antiapoptotic effect against transplanted cells
[7]. In this study, ICS and BMNC co-translation inhibited apoptosis
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Fig. 3. Impact of concomitant ICS use to transplanted BMNCs in diabetic mice. (A) Quantitative evaluation of transplanted cells sustained in ischemic tissues. Murine BMNCs
derived from EGFP-transgenic mice without or with diabetes were transplanted into the thighs in the hindlimb ischemic model without or with diabetes, respectively.
Quantitative analysis of intramuscular GFP was performed 7 days after transplantation. BMNCs were transplanted alone or together with the ICS. Intramuscular GFP values in
whole thigh muscles were corrected for total protein and expressed in arbitrary units (n = 3 in each group). (B) ICS prevention against apoptotic cell death of transplanted cells
in diabetic mice. BMNCs (green) were derived from EGFP-transgenic diabetic mice. Tissue sections from hindlimb ischemic mice with diabetes 10 days after transplantation
were counterstained with DAPI (blue). Apoptotic nuclei were stained with tetramethylrhodamine (TMR) (red) by the TUNEL method. Scale bars, 50 pm. (C) The percentage of
TUNEL-positive cells compared to GFP-positive ones was assessed in four low-power fields in each mouse (n = 3 in each group). (D) Colocalization of transplanted BMNCs and
proangiogenic factors, VEGF (upper panel) and FGF-2 (lower panel), around ICSs. Tissue sections from hindlimb ischemic mice with diabetes 7 days after transplantation of
BMNCs + ICS were immunofluorescently stained using anti-mouse VEGF antibody or anti-mouse FGF-2 antibody and DAPI. BMNCs were derived from EGFP-transgenic mice.
Scale bars, 50 pm. Data are shown as means (SD). *P < 0.05. Abbreviations: DM, diabetes mellitus; ICS, injectable cell scaffold; BMNC, bone marrow mononuclear cell; GFP,

green fluorescent protein; DAPI, 4',6-diamidino-2-phenylindole; TUNEL, terminal deoxynucleotidyl transferase-mediated dUTP-biotin nick-end labeling.

of BMNCs in diabetic animals similarly to the effects seen in non-
diabetic animals (Fig. 3C), suggesting that the decrease in apoptosis
of transplanted cells results in favorable limb salvage in the
diabetic model.

Moreover, reduced cytokine secretion from transplanted cells
may impede the effects of cell-based therapy in diabetic patients.
Reduced production of VEGF is reported to cause lower limb necro-
sis in ischemic lower limb tissues [20,21]. As VEGF production is
reportedly reduced in BMNCs isolated from diabetic rats [22],
insufficient VEGF activity in the local transplanted site is likely
responsible for the reduced efficacy of cell-based therapy in dia-
betic subjects. We previously reported that VEGF and FGF-2 are
continuously secreted from aggregates of the ICS and transplanted
cells and that their tissue levels increase in non-diabetic animals
[7]. Meanwhile, in this study using a diabetic model, co-transplan-
tation of BMNCs and ICS did not result in an increase in the mean
cytokine level in ischemic muscle (data not shown). Thus, the
capacity of cytokine secretion from BMNCs decreased in diabetic
animals. However, a histopathological examination confirmed
strongly localized VEGF and FGF-2 in aggregates of ICS and BMNCs
in diabetic animals (Fig. 3D), which may indicate that a continuous
increase in cytokine level at the local transplant site, but not an
increase in the entire ischemic muscle, is important for inducing
the limb salvage effect.

Issues remain in the clinical application of the ICS. First, the effi-
cacy of the ICS must be confirmed in the presence of angiogenesis
inhibitory factors other than diabetes. For example, we previously

reported that end-stage renal disease (ESRD) markedly inhibits the
efficacy of cell-based therapeutic angiogenesis [4]. The cause of
cell-therapy inhibition by ESRD has not been fully elucidated;
however, lower EPC abundance and impaired angiogenic function
of EPCs are associated with dialysis efficiency [23]. Therefore,
EPC disorders induced by uremic toxin may be at least partly
responsible for angiogenesis inhibition in ESRD patients. Whether
the ICS is effective in patients with decreased angiogenesis caused
by uremic toxin must be investigated. Next, further studies are
needed to evaluate differences in efficacy of the ICS according to
type of transplanted cells. For example, during PBMNC transplanta-
tion, angiogenic factors, such as interleukin-1beta, were secreted
from muscle cells activated through interaction with transplanted
cells, rather than cytokines secreted from transplanted cells [24].
As discussed, the mechanism of angiogenesis induction may vary
by type of transplanted cells; therefore, the effectiveness of the
ICS requires confirmation in a cell and tissue-specific manner.

In conclusion, the practical ICS significantly augmented cell-
based therapeutic angiogenesis even in diabetic animals, through
local accumulation of proangiogenic factors and antiapoptotic
effects of transplanted cells.
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