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Aims We have demonstrated an important role of bone marrow-derived stem cells in preservation of myocardial
function. We investigated whether Akt-1 of lin2c-kit+ stem cells preserves ventricular function following myocardial
infarction (MI).

Methods
and results

Isolated lin2c-kit+ cells were conjugated with anti-c-kit heteroconjugated to anti-vascular cell adhesion molecule to
facilitate the attachment of stem cells into damaged tissues. Female severe combined immunodeficient mice were
used as recipients. MI was created by ligation of the left descending artery. After 48 h, animals were divided into
four groups: (i) sham (n ¼ 5): animals underwent thoracotomy without MI; (ii) MI (n ¼ 5): animals underwent MI
and received medium; (iii) MI + wild-type (Wt) stem cells (n ¼ 6): MI animals received 5 × 105 Wt lin2c-kit+

stem cells; (iv) MI + Akt-12/2 stem cells (n ¼ 6): MI animals received 5 × 105 Akt-12/2 lin2c-kit+ stem cells.
Two weeks later, left ventricular function was measured in the Langendorff mode. The peripheral administration
of Wt armed stem cells into MI animals restored ventricular function, which was absent in animals receiving Akt-
12/2 cells. Real-time PCR indicates a decrease in SRY3, a Y chromosome marker in hearts receiving Akt-12/2

cells. An increase in angiogenic response was demonstrated in hearts receiving Wt stem cells but not Akt-12/2

stem cells.

Conclusion Our results demonstrate that the peripheral administration of Wt lin2c-kit+ stem cells restores ventricular function
and promotes angiogenic response following MI. These benefits were abrogated in MI mice receiving Akt-12/2 stem
cells, suggesting the pivotal role of Akt-1 in mediating stem cells to protect MI hearts.
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1. Introduction
Recent advances in the field of cellular cardiomyoplasty have gener-
ated enthusiasm for the prospects of stem cell therapy for myocardial
regeneration. Adult bone marrow is a rich reservoir of stem and pro-
genitor cells. Bone marrow stromal cells (BMSCs) have many charac-
teristics of mesenchymal stem cells.1 It has been demonstrated that
the delivery of primitive bone marrow cells led to the formation of
new myocytes generating de novo myocardium.2 –4 Administration of
stem cell factor and granulocyte colony-stimulating factor (G-CSF)
mobilizes pluripotent lin2c-kit+ cells from the bone marrow to the

peripheral blood.5 The number of circulating lin2c-kit+ cells increases
250-fold. Introduction of cytokines G-CSF or granulocyte macro-
phage colony-stimulating factor enhances mobilization of the endo-
thelial progenitors to the ischaemic limbs, augmenting
re-endothelialization.6 Primitive bone marrow cells mobilized with
cytokines to the damaged myocardium behave as cardiac stem cells,
giving rise to myocytes, endothelial cells (ECs), and smooth muscle
cells.7 However, others have shown that bone marrow haematopoie-
tic stem cells (HSCs) contribute little to non-haematopoietic
tissues.8,9 Recent clinical data have further demonstrated that a multi-
centre trial of the intracoronary infusion of bone marrow for
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myocardial infarction (MI) showed an absolute improvement of left
ventricular (LV) ejection fraction,10,11 but enthusiasm is tempered
by the disparate results.12,13 Nevertheless, clinical studies represent
a milestone in this rapidly developing field while serving as a cogent
reminder that many important clinical and fundamental questions
have yet to be addressed. These beneficial effects of bone marrow
stem cells are supported by our own studies in which we have
demonstrated that the peripheral delivery of targeted CD34 + HSC
with bivalent antibodies directed against myosin light chain antigen sig-
nificantly increases myocardial functional recovery and angiogenesis in
addition to preventing myocardial remodelling.14

The Akt family of intracellular protein kinases regulates cellular
growth, proliferation, and metabolism in many systems. Cardiac devel-
opment and post-natal growth depend on the activation of Akt.
Observations from our laboratories demonstrate elevated levels of
PI3 and Akt kinases during the proliferative period of cardiac
growth.15 It is well known that Akt serves as a powerful survival
signal to protect the heart against myocardial injury.16– 19 The acti-
vation of Akt signalling in bone marrow-derived mesenchymal stem
cells resulted in the prevention of cardiac remodelling, an increase
in regenerated myocardium, and angiogenesis and restoration of myo-
cardial function.20– 22 However, it remains to be determined whether
specific Akt-1 of lin2c-kit+ stem cells is essential to produce the ben-
eficial effects after MI. In this study, we utilized a unique and estab-
lished stem cell-engineered approach to deliver Wt and Akt-12/2

lin2c-kit+ stem cells following MI. We used a mouse gender-
mismatched strategy to track delivered cells. We utilized genetically
modified mice to further assess the crucial role of Akt-1, a specific
Akt isoform in mediating stem cells to preserve cardiac function.
Our results demonstrate that the peripheral administration of
armed lin2c-kit+ cells restores myocardial function and promotes
angiogenic response, which is dependent upon Akt-1 signalling
pathway.

2. Methods
Animals: adult male C57BL6 wild-type (Wt) and Akt-1 knockout mice
were bred and maintained; severe combined immunodeficient (SCID)
female recipient mice were supplied by Charles River Laboratories (Wil-
mington, MA, USA). All animal experiments were conducted under a pro-
tocol approved by the Institutional Animal Care and Use Committee of
Rhode Island Hospital, which conforms 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).

2.1 In vivo MI
The mouse MI model was created following thoracotomy by applying per-
manent ligation of the left anterior descending artery as described pre-
viously.23 Briefly, mice were anaesthetized with an intraperitoneal (ip)
injection of sodium pentobarbital at a dose of 50 mg/kg; additional
doses of pentobarbital were given as needed during the procedure to
maintain an anaesthetized state. Mice were placed in a supine position
and were intubated with an endotracheal tube. Ventilation was achieved
with a mini rodent ventilator (Harvard, MA, USA). Thoracotomy was per-
formed with tenotomy scissors. A 7-0 nylon suture was passed with a
tapered needle under the left anterior descending coronary artery. The
suture was tied to create coronary occlusion. Upon completion of lig-
ation, the chest was closed in a layered fashion and air was evacuated
to prevent pneumothorax. Mice in the sham group were anaesthetized
and underwent thoracotomy without coronary ligation.

2.2 Langendorff’s isolated heart perfusion
The methodology of Langendorff’s perfused heart preparation and
measurement of LV function has been described previously in detail.24

Briefly, mice were anaesthetized with a lethal ip injection of sodium pen-
tobarbital (120 mg/kg). Hearts were rapidly excised and arrested in
ice-cold Krebs–Henseleit buffer. They were then cannulated via the
ascending aorta for retrograde perfusion by the Langendorff method
using the Krebs–Henseleit buffer containing (mM): 110 NaCl, 4.7 KCl,
1.2 MgSO4.7H2O, 2.5 CaCl2.2H2O, 11 glucose, 1.2 KH2PO4, 25
NaHCO3, and 0.5 EDTA. The buffer, aerated with 95% O2:5% CO2 to
give a pH of 7.4 at 378C, was perfused at a constant pressure of
55 mmHg. A water-filled latex balloon, inserted into the LV and attached
to the tip of polyethylene tubing, was then inflated sufficiently to provide a
left ventricular end-diastolic pressure (LVEDP) of about 10 mmHg
measured by means of a disposable Gould pressure transducer. LV func-
tional analysis was performed using software and a computer-based
recording system (BIOPAC, Goleta, CA, USA). The measured parameters
included LV systolic pressure, LVEDP, heart rate, and LV developed
pressure (LVDP), where DP is systolic pressure minus LVEDP. LV dP/
dtmax and dP/dtmin were obtained.

2.3 Cell purification and production of
bispecific antibodies and cell injection
Bone marrow from male donor mice was collected by crushing the tibiae,
femurs and iliac crests in phosphate-buffered saline (PBS; Invitrogen,
Carlsbad, CA, USA) supplemented with 5% heat-inactivated foetal

cells were isolated by immunomagnetic separation using a sequence of
negative and positive selection. The lin+ cells were magnetically labelled
with a cocktail of biotin-conjugated antibodies/Anti-Biotin MicroBeads
specific for the following haematopoietic lineages: CD5, CD45R (B220),
CD11b, anti-Ly-6G (GR-1), 7-4, and Ter-19 (Lineage Cell Depletion Kit,
Miltenyi Biotec, Auburn, CA, USA). This magnetic cell fraction containing
the lin+ cells was eluted using an autoMACS Separator. Subsequently, the
remaining lin2 cells were directly labelled with c-kit MicroBeads and
sorted, with the positive fraction containing the lin2c-kit+ cells.

The methodology for stem cell arming has been described in our pre-
vious studies.25 For the studies presented here, anti-c-kit (BD Pharmingen,
San Diego, CA, USA) was cross-linked with Traut’s reagent and anti-
vascular cell adhesion molecule (VCAM) was cross-linked with sulfoSMC.
After elution to remove unbound cross-linkers, antibodies were com-
bined and allowed to heteroconjugate overnight to produce anti-c-kit X
anti-VCAM. The proportion of dimers, multimers, and monomers were
determined by non-reducing SDS–PAGE. The specific antibody was
used at a pre-titrated, saturating arming dose of 50 ng/106 purified
lin2c-kit+ cells. Two days after MI, either 5 × 105 armed Wt or
Akt-12/2 lin2c-kit+ stem cells or 0.15 mL RPMI was injected intrave-
nously via tail vein. Animals receiving the stem cells or RPMI medium
were euthanized 2 weeks later for evaluation of cardiac performance.

2.4 Immunofluorescent staining
Cardiac tissues were snap-frozen in pre-chilled 2-methylbutane and
embedded in TBS (Pittsburgh, PA, USA). Ten micrometre-thick sections
were cut with a cryostat (Thermo Shandon, Pittsburgh, PA, USA) at
2228C, mounted on plus charge slides (Fisher Scientific), and air-dried
at room temperature. Sections were fixed in 3.7% (vol/vol) paraformalde-
hyde for 15 min and permeabilized in 0.5% Triton X-100 in PBS for
10 min. The sections were then incubated with anti-a-smooth muscle
actin (a-SMA) monoclonal antibody or anti-von Willebrand factor anti-
body (vWF, Sigma, St Louis, MO, USA) for 1 h. Secondary antibodies
Texas Red horse anti-mouse IgG (H + L) and/or Fluorescein anti-rabbit
IgG (H + L) (Vector Laboratories, Burlingame, CA, USA) were applied
at room temperature. Fluorescent imaging was performed using a
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high-resolution Nikon E2000 fluorescence microscope equipped with
MetaVue software for image analysis. The numbers of a-SMA and
vWF-positive vessels were counted in six randomized fields of the
tissue sections, which were taken in the middle plane of each heart and
contained infarct and border regions. The total number of vessels from
each group was calculated and normalized to tissue area.

2.5 Tunel staining
The sections were assessed by terminal dUTP nick end-labelling (TUNEL)
using the In Situ Cell Death Kit, Fluorescein from Roche (Indianapolis, IN,
USA) according to the manufacturer’s instructions. Sections were coun-
terstained with 4′,6-diamidino-2-phenylindole (DAPI) to visualize the
nuclei and photographed with a Nikon E2000 fluorescence microscope.
The number of TUNEL-positive nuclei in the border zone of infarcted
heart was counted.

2.6 Detection of SRY3 by real-time PCR
Genomic DNA was extracted from pooled sections of female recipient
hearts that had received male Lin2c-kit+ stem cells. The sections were
extracted in 50 mL DNA extraction solution consisting of 100 mM
Tris–HCl, 2 mM EDTA, 1% Tween 20, and 500 mg/mL proteinase K at
568C overnight. The extracted DNA was then boiled for 8 min before
performing real-time PCR. Real-time PCR was performed on an ABI
Prism 7000 series machine.26 TaqMan gene expression primers and
probes for mouse actin and mouse SRY3 were purchased as the Assays
on DemandTM from ABI. Heart genomic DNA samples were run in dupli-
cate or triplicate for 40 cycles. PCRs were 25 mL reactions using 5 mL of
the gDNA, 1.25 mL primer/probe, 12.5 mL TaqMan Universal PCR 2×
Master Mix, and distilled water.

2.7 Measurement of myocardial infarct size and
myocyte size
Ten micrometre-thick frozen sections were prepared as before and sec-
tions from the apex, mid-LV, and base were stained with Masson’s tri-
chrome staining according to the manufacturer’s protocol (Sigma).
Images of three sections from each heart were taken using a Nikon
Eclipse 80i microscope with Spot Advanced software. Infarct scar area
and the total area of LV were traced manually and measured using
image software (NIH Image J). Infarct size, expressed as a percentage,
was calculated by dividing the sum of infarct areas from all sections by
the sum of LV areas from all sections (including those without infarct
scar) and multiplying by 100. Myocyte cross-sectional area was measured
from images captured from the sections obtained mid-distance from the
base to the apex. Suitable cross-sections were defined as having nearly
circular-to-oval myocyte sections. The outline of myocytes was traced
in the LV of each animal, using Image J to determine myocyte cross-
sectional area. A value from each heart was calculated by use of the
measurements of 30–40 cells of remote area from infarction of an individ-
ual heart. The mean area was calculated for the LV in each animal, and the
group mean was calculated for each region and group.

2.8 Statistics
All data are expressed as mean+ SEM. Differences among the groups
were analysed by one-way analysis of variance, followed by Bonferroni’s
correction or Student’s unpaired t-test for two groups. A value of P , 0.05
was considered a significant difference.

3. Results

3.1 Ventricular function of post-infarction
mouse heart in vitro
Ventricular function is illustrated in Figure 1A. A significant reduction in
LV systolic pressure and DP was observed in infarcted hearts when
compared with sham control heart. Administration of lin2c-kit+

stem cells into MI mice restored LV systolic pressure, LVDP, LV
dP/dtmax, and LV dP/dtmin. These improvements in ventricular function
were not seen following the infusion of Akt-12/2 lin2c-kit+ stem
cells. In addition, the diastolic pressure–volume curves resulted in a
rightward shift in MI hearts when compared with control sham
hearts. Infarcted hearts receiving Wt stem cells show a leftward shift
in the pressure–volume relative to infarcted control animals and
MI + Akt-12/2 stem cell-treated hearts (Figure 1B). There was no sig-
nificant difference in heart rate between the groups (data not shown).
Therefore, peripheral delivery of armed stem cells increased cardiac
functional restoration in post-ischaemic hearts, which was dependent
on intact Akt-1 in donor stem cells.

3.2 Prevention of myocardial hypertrophy
and the reduction of infarct size
MI hearts exhibited enlarged chamber diameters compared with non-
infarcted control hearts. In addition, they showed a decrease in
infarct wall thickness, suggesting characteristic post-MI scar thinning
and infarct expansion. Administration of the Wt lin2c-kit+ stem cells
reduced the infarct size (Figure 2). The reduction of infarct size was
markedly decreased in hearts receiving Akt-12/2 stem cells. Figure 3A
illustrates that MI resulted in an increase in the ratios of heart/body
and lung/body. Myocyte cross-sectional area following MI was also atte-
nuated by Wt, but not Akt-12/2 stem cells, indicating the anti-
hypertrophic effects of stem cells (Figure 3B and C ). In addition, as
shown in Figure 4, there were detectable apoptotic signals in infarcted
myocardium, but we did not demonstrate any differences between
hearts receiving Wt or Akt-12/2 stem cells.

3.3 Evidence of lin2c-kit1 in post-infarction
heart
Real-time PCR was used to detect SRY3 in order to quantify the ratio
of SRY3 (male only) genomic DNA vs. b-actin (male and female)
genomic DNA, which infers the number of male cells at day 14 follow-
ing intravenous injection of stem cells into female recipient infarcted
hearts. As shown in Figure 5, SRY3 was detectable in the infarcted
hearts receiving stem cells. Interestingly, SRY3 decreased in hearts
receiving Akt-12/2 stem cells, indicating that Akt-1 is critical for
stem cell migration, stem cell survival, or cell proliferation.

3.4 Akt-1 and angiogenesis
Angiogenic responses were examined by immunofluorescent staining
for vascular SMA and vWF. In the border and centre of the infarct
zone, a-SMA and vWF-positive stainings were observed (Figure 6).
As shown in Figure 6, infusion of the Wt lin2c-kit+ stem cells signifi-
cantly increased a-SMA- and vWF-stained vessels and vascular
density in the border zones of infarcted hearts when compared
with MI alone. This angiogenic response was significantly diminished
by disruption of Akt-1 in administered stem cells.
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4. Discussion
Bone marrow-derived stem cells are demonstrated to form function-
ally competent cardiomyocytes and vascular structures that exert
beneficial effects on infarcted myocardium.2,4 In this study, we have
demonstrated: (i) the peripheral administration of armed lin2c-kit+

cells led to significant restoration of ventricular function in infarcted
myocardium; (ii) these effects were eliminated by disruption of
Akt-1 of stem cells; (iii) the administration of lin2c-kit+ stem cells pre-
vented hypertrophic response and reduced myocardial infarct follow-
ing MI; (iv) an increased angiogenic response elicited by the delivery of
lin2c-kit+ stem cells into infarcted myocardium was absent in the
mice receiving Akt-12/2 stem cells; (v) real-time PCR showed an
increase in SRY3 in gender-mismatched infarcted hearts, which was

reduced by disruption of Akt-1 of stem cells, indicating the essential
role of Akt-1 in modulating cell migration, cell survival, and cell pro-
liferation following the peripheral administration of stem cells.

We have previously shown by using a unique approach that BMSCs
could be armed with bi-specific antibodies and delivered in increased
numbers to injured cardiac target tissue.25 In the present study, we
utilized this approach to deliver stem cells into female SCID recipient
after creation of an experimental MI. Y chromosome was used to
demonstrate cardiac chimerism when a male host received a trans-
planted heart from a female donor.27 We carried out real-time PCR
to detect and quantify the SRY3 genomic marker from male stem
cells.28 SRY3 exhibited a mild increase in the female damaged heart
receiving male lin2c-kit+ cells, suggesting that the injected male
lin2c-kit+ stem cells had migrated to and resided in the recipient

Figure 1 (A) The effects of infusion of the armed lin2c-kit+ on ventricular function in LV systolic pressure (LVSP), LVDP, LV dP/dtmax, LV dP/dtmin,
coronary effluent, and heart rate. Values represent mean+ SE. *P , 0.001 vs. MI, MI + Akt-12/2, #P , 0.05 vs. MI, MI + Akt-12/2 group; $P , 0.05
vs. MI + Akt-12/2; MI, myocardial infarction, Wt, wild-type. (B) LV end-diastolic pressure–volume relationship for sham, MI, MI + Wt stem cells, and
MI + Akt-12/2 stem cell-treated hearts. LV pressure–volume relationships were then generated. From a balloon volume of zero, the balloon was
filled in increments of 5 mL and subsequent pressures recorded. LVEDP, left ventricular end-diastolic pressure. Values are mean+ SEM. +P , 0.05
vs. MI, MI + Akt-12/2. (C) Representative left ventricular pressure records in sham and different MI hearts. LVP, left ventricular pressure.
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hearts following the peripheral delivery of stem cells. Given that the
same amount of stem cells was successfully delivered into infarcted
recipient mice following MI, we could exclude the contribution of
cell loss to account for cardiac functional recovery and SRY3
signals. The higher SRY3 signals in MI hearts of animals receiving
Wt lin2c-kit+ cells indicate the importance of Akt-1 in stem cells
to migrate towards the infarct zone and mediate survival signalling
as well as potential proliferation. However, it is possible, but not
established, whether disruption of Akt-1 of lin2c-kit+ cells was sus-
ceptible to apoptotic and cell death signalling following in vivo delivery
of stem cells after MI. This is worthy to investigate in the future by
examining cell accumulation in the infarcted hearts shortly following
stem cell injection. In addition, provision of different doses of Wt
lin2c-kit+ stem cells into infarcted hearts and comparison of their
physiological functions with infarcted animals receiving Akt-12/2

stem cells would suggest an optimal dose of stem cells to achieve
cardioprotective effects and the precise beneficial effect of Akt-1 of
lin2c-kit+ cells in infarcted hearts.

Mesenchymal stem cells have been shown to restore greater myo-
cardial volume, which was significantly augmented and genetically
enhanced by Akt-1 and prevented cardiac remodelling.20 In addition,
the role of Akt has been well documented in mediating cardiac
growth, protecting the heart against injury as well as preventing cell
death.15–18 However, the role of Akt-1 of lin2c-kit+ stem cells in
mediating cardiac function of post-infarcted myocardium has not yet
been elucidated. In this study, we used lin2c-kit+ stem cells as the
donor and delivered them into mice with infarcted myocardium.
Lin2c-kit+ stem cells have been shown to regenerate de novo myocar-
dium, which increases myocardial functional recovery.2 In this study,
we have performed non-pacing isovolumetric isolated hearts to
measure LV functional parameters, which are widely used by us and
others.14,20,24 It was also reported that the pacing approach was
used to detect ventricular function in the isolated perfused hearts.29

However, our works document that pacing of mouse hearts gener-
ated a cardioprotective effect, which is associated with the activation
of phosphatidylinositol 3 kinase-eNOs pathway.30 In this regard, we

Figure 2 Percentage of myocardial infarct size for sham, MI, MI + Wt stem cells, and MI + Akt-12/2 stem cell-treated hearts. Upper panel shows
representative images of different groups, and low panel shows the percentage of infarct size among the groups. Values are mean+ SEM (n ¼ 3 per
group). *P , 0.05 vs. sham and MI + Wt stem cells.
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conducted non-pacing isolated perfused hearts to determine LV func-
tion. Administration of the armed Wt lin2c-kit+ stem cells signifi-
cantly improved the restoration of ventricular function recovery in
infarcted myocardium, but these beneficial effects on ventricular func-
tion were absent in mice receiving the Akt-12/2 lin2c-kit+ cells which
is consistent with an observation from Dr Dzau’s lab.20 It is also inter-
esting in the future to analyse the force–frequency relationship in iso-
lated myocytes to further investigate the mechanism by which cardiac
contractility is mediated.

The beneficial effects of stem cells on the damaged hearts were
attributable to anti-hypertrophy and reduction of myocardial infarct

size.20 Myocardial infarct size was also reduced with provision of
Wt stem cells, but not in hearts receiving Akt-12/2 stem cells,
suggesting the role of Akt-1 in the reduction of myocardial necrosis
mediated by stem cells in injured myocardium. It will be interesting
to investigate the role of Akt-1 on stem cells in regulating
myocardial remodelling following MI in future studies. Furthermore,
the irregular myocyte structure after MI was ameliorated by adminis-
tration of stem cells. It is likely that the beneficial effects were due to
the paracrine secretory effects of stem cells. Our results are in line
with the observations that Akt-1 has been regarded as an important
mechanism whereby stem cells generate these protective effects.22,31

Figure 3 (A) The effects of infusion of the armed lin2c-kit+ on heart/body ratio (left) and lung/body ratio (right) in infarcted myocardium. Values
represent mean+ SE (n ¼ 3 per group). *P , 0.05 vs. sham group. MI, myocardial infarction; Wt, wild-type. (B) Representative images in sham, MI,
MI + Wt stem cells, and MI + Akt-12/2 stem cell-treated hearts. (C) Myocyte cross-sectional areas were compared between the groups. Bar rep-
resents 50 mm. Values are mean+ SEM (n ¼ 3 per group). *P , 0.05 vs. sham and MI + Wt stem cells.
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Angiogenesis is a complex physiological process consisting of the
local degradation of surrounding capillaries and migration of ECs to
angiogenic stimuli following proliferation, leading to the formation of
a three-dimensional capillary network. We have shown that angio-
genesis following CD34 + HSC delivery is associated with the
restoration/preservation of myocardial function following MI.14

Coronary effluent was increased by the administration of stem

cells compared with that of control MI, but a difference in coronary
effluent was not observed between animals receiving Wt and
Akt-12/2 stem cells. It will be interesting to perform a long-term
follow-up for the measurement of coronary effluent. We observed
a more robust angiogenic response after administration of the
armed lin2c-kit+ stem cells, which was significantly mitigated by dis-
ruption of Akt-1. It is known that pathological cardiac hypertrophy
with reduced contractility is accompanied by impaired coronary
angiogenesis.32 It is likely that the increase in angiogenic response
in stem cell-treated infarcted hearts contribute to the improvement
in contractile performance in our studies. This emphasizes the
importance of Akt-1 of stem cells in the regulation of angiogenic
response in MI.

Activation of Akt has been shown to dramatically inhibit the apop-
tosis of hypoxic cardiomyocyte and ischaemic myocardium.17 Akt-1 is
likewise demonstrated to possess the anti-apoptotic properties of
mesenchymal stem cells to protect ischaemic myocardium.20 The
apoptotic index was observed in ischaemic myocardium among all
groups, but a marked anti-apoptotic effect was not observed after
provision of Wt stem cells and/or Akt-12/2 cells, suggesting that anti-
apoptosis was not a major mechanism by which Akt-1 initiates cardi-
oprotective effects of lin2c-kit+ stem cells in infarcted hearts. It is not
clear from the results, but it will be interesting to see whether the
expression of Akt-1 by stem cells affects the ability to prevent apop-
tosis long term following MI.

4.1 Summary
Our results demonstrated that the intravenous injection of armed
lin2c-kit+ stem cells resulted in restoration of ventricular function of
post-infarcted myocardium, which was associated with the prevention

Figure 4 TUNEL-positive cells in the border zone of infarcted myocardium in hearts receiving Wt lin2c-kit+ cells. Nuclei were stained with DAPI
(A) and (B) DAPI + TUNEL-positive nuclei. (C) Myocytes were stained with a-sarcomeric actinin (red). (D) Values represent mean+ SE (n ¼ 3 per
group). MI, myocardial infarction; Wt, wild-type.

Figure 5 Detection of male SRY3 in female recipient hearts by
real-time PCR. Values represent mean+ SE (n ¼ 5 per group).
The amount of genomic DNA sequence for SRY3 (male only) was
expressed relative to the amount of genomic DNA for actin (male
plus female) using the DCt method. MI, myocardial infarction; Wt,
wild-type.
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of cardiac hypertrophy and reduction of myocardial infarct. The bene-
ficial effects of Wt stem cells were abrogated with the disruption of
Akt-1 of stem cells. The decreased angiogenic response associated
with Akt-1 also indicates the contribution of Akt-1 to neovascularization
and myocardial functional recovery. Our results demonstrate that
Akt-1 plays an essential role in stem cell-mediated cardioprotection.
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