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Abstract Although green fluorescent protein (GFP)
labeling is widely accepted as a tracking method,
much remains uncertain regarding the retention of
injected GFP-labeled cells implanted in ischemic
organs. In this study, we evaluate the effectiveness
of GFP for identifying and tracking implanted bone
marrow- mesenchymal stem cells (BM-MSCs) and the
effect of GFP on the paracrine actions of these cells.
MSCs isolated from rat femur marrow were trans-
duced with a recombinant adenovirus carrying GFP.
After transplantation of the GFP-labeled BM-MSCs
into the infarct zone of rat hearts, the survival,
distribution, and migration of the labeled cells were
analyzed at 3, 7, 14, and 28 days. To evaluate the
effect of GFP on the paracrine actions of BM-MSCs,
Western blot analysis was performed to detect the
expression of vascular endothelial growth factor
(VEGF), b fibroblast growth factor (b FGF), tissue
inhibitor of metalloproteinase-1 (TIMP-1) and matrix
metalloproteinases-2 (MMP-2). GFP was successfully
expressed by BM-MSC:s in vitro. At 14 days after cell
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transplantation the GFP-positive cells could not be
detected via confocal microscopy. By using a GFP
antibody, distinct GFP-positive cells could be seen and
quantitative analysis showed that the expression
volume of GFP was 6.42 4+ 0.92 mm’ after 3 days,
1.24 £ 0.76 mm® after 7 days, 0.33 & 0.03 mm’
after 14 days, and 0.09 & 0.05 mm’ after 28 days.
GFP labeling did not adversely affect the paracrine
actions of BM-MSCs. GFP labeling could be used to
track MSC distribution and their fate for at least
28 days after delivery to rat hearts with myocardial
infarction, and this stem cell tracking strategy did not
adversely affect the paracrine actions of BM-MSCs.

Keywords Cell tracking - Green fluorescent protein
- Mesenchymal stem cells - paracrine - Myocardial
infarction

Abbreviations

GFP Green fluorescent protein

BM-MSCs Bone marrow-mesenchymal stem cells
SC Stem cell

Ad-GFP Adenovirus vector carrying GFP

SD rats Sprague—-Dawley rats

MI Myocardial infarction

MOlIs Multiplicities of infection

PBS Phosphate-buffered saline

LV Left ventricle

VEGF Vascular endothelial growth factor
FGF Fibroblast growth factor

TIMP-1 Tissue inhibitor of metalloproteinase-1
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MMP-2 Matrix metalloproteinases-2
vWF von Willebrand factor
Introduction

There have been rapid advances in the use of
mesenchymal stem cells (MSCs) for tissue regenera-
tion and repair of the heart in recent years. Their ease
of isolation, capacity for large-scale expansion, plas-
ticity and alleged immunoprivileged status (Beggs
et al. 2006; Keyser et al. 2007; Le Blanc and Pittenger
2005) are likely to generate more clinical applications
in the future. Although interest in stem cell (SC)
transplantation grows, not enough is known about the
distribution and fate of the delivered cells to address
important concerns over safety and efficacy. The
ability to track exogenous MSCs after delivery is
important for understanding how these SCs achieve
the observed therapeutic benefits and to determine the
fate of the cells after implantation.

The current noninvasive approaches that are mostly
used for in vivo tracking of SCs include direct,
nonspecific labeling of cells with magnetic particles or
radionuclides and indirect specific labeling with
reporter genes. Among these techniques, green flores-
cence protein (GFP) is unique and easy to use, in that it
is biocompatible and does not require an added
substrate for signal emission, and GFP has been used
by other researchers for cell tracking in vivo (Hatz-
istergos et al. 2010; Huang et al. 2010). Although GFP
labeling is widely accepted as a tracking method, little
data have been presented regarding retention of
injected GFP-labeled cells implanted in ischemic
organs over time. Further studies are still necessary
to acquire this information.

Mesenchymal stem cells have the potential to
differentiate into mature cardiac cells or promote
native repair through angiogenesis, recruitment of host
SCs, or induction of myocytes into the cell cycle
(Kruglyakov et al. 2006; Ohnishi et al. 2007; Amado
et al. 2005; Mangi et al. 2003). It is believed that the
multifaceted paracrine actions of MSCs explain, at
least in part, their tissue-healing properties (Caplan
and Dennis 2006; Dai et al. 2005; Gnecchi et al. 2006;
Kinnaird et al. 2004). However, so far there was no
data relating the relationship between GFP and the
paracrine actions of MSCs in vivo. This question is
particularly relevant because some labels may affect
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host gene expression in vivo, as observed in a previous
report (Leiker et al. 2008).

In this study, we transplanted bone marrow derived
MSCs transduced with a recombinant replication-
defective adenovirus vector carrying GFP (Ad-GFP)
into ischemic rat hearts. In order to provide more data
about this SC tracking method, we evaluated the
effectiveness of GFP for identifying and tracking the
implanted cells and the effects of GFP on the paracrine
actions of the implanted MSCs.

Materials and methods
Rats and establishment of myocardial infarction

Adult Sprague—Dawley (SD) rats matched for weight
(200-250 g) were anaesthetized with chloral hydrate
(2.5 mg/kg), intubated, and ventilated with room air at
75 breaths per minute with a pressure-cycled rodent
ventilator. Rats underwent surgery to induce anterior-
wall myocardial infacrtion (MI), which was induced in
60 rats by ligation of the left anterior descending artery
as described earlier (Guo et al. 2008). The M1 rats were
randomly divided into the control (n = 30) and Ad-
GFP (n = 30) groups. The tissue specimens obtained
from the heart were fixed in ethanol, embedded in
paraffin, and sectioned. Tissue sections were stained
with hematoxylin and eosin to observe histological
changes in myocardial infarction border zone. The
investigation protocol was approved by the Institu-
tional Animal Care Committee of the Chinese PLA
General Hospital, Chinese PLA Postgraduate Medical
School, China.

BM-MSCs culture

The rat bone marrow derived MSCs were cultured as
previously described (Guo et al. 2008). Briefly, bone
marrow cells were aspirated from the femur and tibia
of 80—100 g SD rats. The cell suspension was loaded
on a Percoll gradient (Sigma—Aldrich, St. Louis, MO,
USA) and centrifuged. The top two-thirds of the total
volume was then transferred into a tube and washed
with phosphate-buffered saline (PBS) to remove the
Percoll. The cells were then cultured in Dulbecco’s
modified Eagle’s medium (Gibco BRL, Grand Island,
NY, USA) containing 10% fetal bovine serum (FBS;
Thermo Scientific HyClone, Logan, UT, US). After 24
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h, nonadherent debris was removed, and adherent cells
were cultured.

Flow cytometry assays for cell surface antigens
CD90, CD105, CD29, CD34, CD44, and CD45 of rat
BM-MSCs were performed as described (Conget and
Minguell 1999; Dominici et al. 2006) (anti-rat-CD90-
PE, anti-rat-CD105-PE were purchased from Santa
Cruz Biotechnology, Inc., USA; anti-rat-CD29-PE, anti-
rat-CD34-PE, anti-rat-CD44-FITC, anti-rat-CD45-
FITC, anti-rat-IgG1-FITC, and anti-rat-IgG1-PE were
purchased from Becton, Dickinson and Company,
Franklin Lakes, NJ, USA). A total of 5 x 10° cells were
suspended in 0.25% Trypsin and 1 mM EDTA (Sigma-
Aldrich, St. Louis, MO, USA) and then washed in 3 mL
of PBS. After centrifugation, the pellet was suspended in
200 pL of the primary antibody solution for 30 min at
room temperature in the dark. The analysis was per-
formed with a flow cytometer (Becton, Dickinson and
Company, Franklin Lakes, NJ, USA).

Passage 5 cells were seeded on cover slips in six well
plates and cultured in complete medium up to conflu-
ency. At confluency, the cells were switched to an
adipogenic medium (OriCell™ Sprague-Dawley (SD)
Rat Mesenchymal Stem Cell Adipogenic Differentia-
tion Medium Catalog No. RASMX-90031,Cyagen
Biosciences, USA), osteogenic medium (OriCellTM
Sprague-Dawley (SD) Rat Mesenchymal Stem Cell
Osteogenic Differentiation Medium Catalog No.
RASMX-90021, Cyagen Biosciences, USA), and chon-
drogenic Medium (OriCell™ Sprague-Dawley (SD)
Rat Mesenchymal Stem Cell chondrogenic Differenti-
ation Medium Catalog No. RASMX-90041, Cyagen
Biosciences, USA), respectively, and then further
cultured according to the product protocol. Before light
microscope and capture images, the adipogenic cul-
tures, osteogenic cultures, and chondrogenic cultures
were stained with fresh oil Red-O working solution,
alizarin red working solution, and alcian blue working
solution, respectively.

Ad-GFP labeling of BM-MSCs

To ensure healthy cells prior to transduction, the culture
medium was change when the BM-MSCs had reached
60% confluence. The medium containing 10% FBS was
removed prior to transduction. The Ad-GFP (a gift from
Chinese Academy of Military Medical Sciences) (Duan
et al. 2003; Lu et al. 2006) was then added along with
200 pL of serum-free medium, and the flask was shaken

gently every 15 min for 2 h. The passage 5 BM-MSCs
were transduced with the recombinant replication-
defective adenovirus at different multiplicities of infec-
tion (MOI) in the range 0-200 units. After incubation
with Ad-GFP for 2 h, culture medium containing 10%
FBS was added into the flask. The transduction
efficiency was determined by flow cytometry after 48
h. The optimal MOI for transduction of BM-MSCs was
used in the following steps.

Intracardiac transplantation of BM-MSCs
into ischemic myocardium

After the left anterior descending coronary artery was
ligated for 2 weeks, passage 5 BM-MSCs were
harvested with trypsin, washed twice in PBS to
remove free viral particles, and reconstituted imme-
diately before transplantation. About 5 x 10° BM-
MSCs transduced with Ad-GFP (Ad-GFP group) or a
control adenovirus, replication-deficient recombinant
adenoviral vectors, (control group) were injected into
each animal at five locations within the infarct zone.
During injections, the needle was left in place for
several seconds in the injection location to prevent
leakage of BM-MSCs. The same spatial distribution
for cell injections was used in each animal. After the
chest was closed, a breathing machine was used to
assist until the rats resumed independent breathing.

Immunofluorescence staining of heart tissues

Rat hearts were harvested at 3, 7, 14, and 28 days after
cell transplantation, washed with PBS through the
aorta, and the left ventricle (LV) was then separated.
Myocardial specimens were frozen in liquid nitrogen
and then cut into 5 pm sections. In two adjacent
sections, one was used to detected GFP-positive cells
via fluorescence confocal microscopy (TCS SP-2;
Leica Microsystems, Wetzlar, Germany) and the other
one was stained with an antibody against GFP (Santa
Cruz Biotechnology, Santa Cruz, CA, USA) and
visualized using an affinity-purified rhodamine or
FITC-conjugated secondary antibody (Santa Cruz
Biotechnology, Santa Cruz, CA, USA). The survival
of the implanted BM-MSCs was quantified by assay-
ing the level of GFP expression. A medical image
analysis and management system was used to perform
semi-quantitative analyses of the GFP-positive area
within the infarct zone. The expression volume of GFP
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in the infarct zone was calculated according to the
formula: V=2XA x d. XA: the area of positive
expression in each section, d: the distance between
two adjacent stained slices.

To identify the origin of the GFP-positive cells
within the infarct zone, we used double-labeled
immunohistochemical staining. Antibodies to von
Willebrand factor (vWF) (1:1,000; Sigma—Aldrich,
St. Louis, MO, USA) and cardiac myosin heavy chain
(1:500; Santa Cruz Biotechnology, Santa Cruz, CA,
USA) were used to detect endothelial cells and cardiac
myocytes, respectively. Corresponding affinity-puri-
fied thodamine or FITC conjugated secondary anti-
bodies (Santa Cruz Biotechnology, Santa Cruz, CA,
USA) were used. Nuclei were labeled using 4/,
6-diamidino-2-phenylindole dihydrochloride hydrate
(DAPI,; Sigma-Aldrich, St. Louis, MO, USA). Images
were obtained by confocal microscopy.

Immunoprecipitation and Western-blot analysis
of ischemic heart tissues

At 7, 14, and 28 days after cell transplantation, small
myocardial specimens for Western blotting were care-
fully dissected from the infarct zone areas and snap-
frozen in liquid nitrogen. A total of 100 pg of each spec-
imen was used to analyze on a 10% SDS-polyacrylamide
gel, and immunoblotting was performed using antibodies
against vascular endothelial growth factor (VEGF)
(1:500), fibroblast growth factor (FGF-2) (1;200), tissue
inhibitor of metalloproteinase-1 (TIMP-1) (1:400),
matrix metalloproteinases-2 (MMP-2) (1:400), Bcl-2
(1:500), and p-actin (1:800) (all from Santa Cruz
Biotechnology, Santa Cruz, CA, USA). Quantification

was performed using the AlphaEaseFC Image program
(Cell Biosciences, Santa Clara, CA, USA) in a blinded
fashion.

Statistical analysis

All data are expressed as mean == SEM. SPSS 11.5
software (SPSS, Chicago, IL, USA) was used for all
analyses. Differences between two groups were eval-
uated using an unpaired Student’s ¢ test. Values of
P < 0.05 were considered statistically significant.

Results
The histology of myocardium infarction

Two weeks after coronary ligation the infarct area of
the rat hearts was replaced by fibrotic scar tissue. The
distribution of surviving cardiac myocytes in the
infarct border was diffuse (Fig. 1a). Animals dis-
played significant LV free wall thinning and LV
dilatation, which are characteristics of LV remodeling.
GFP cells localized in the heart area of SD rats are
shown as Fig. 1b.

Characterization of BM-MSCs

To characterize the BM-MSCs, we performed flow
cytometry analysis for CD29, CD44, CD34 and CD45.
The flow cytometry data demonstrate that these cells
were positive for CD29 and CD44 but negative for
CD34 and CD45, as described in our previous study
(Guo et al. 2008).

Fig. 1 The histology of myocardium infarction and the site of
cell transplantation. a Histological changes in myocardial
infarction border zone. HE staining, Magnification x200.
b MSCs were injected in five locations per animal. The same
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spatial distribution for cell injections was used in each animal:
two injections each along the infarct border zones of the anterior-
septal and posterior-lateral walls and one near the apex of the
infarct zone. The stars represent the sites of cell transplantation
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Labeling efficiency of BM-MSCs with Ad-GFP
in vitro

The BM-MSCs were transduced with Ad-GFP at
different MOIs (Fig. 2a). The MOI of 150 was
determined to be ideal for transduction of BM-MSCs
with high efficiency (96.55%) and low toxicity. The
biological characteristics of the BM-MSCs did not
change after transduction. Therefore, BM-MSCs were
transduced with Ad-GFP at an MOI of 150 for the
following experiments. Control BM-MSCs were
transduced with a control adenoviral vector at the
same MOI. After Ad-GFP transduction for 48 h, the
BM-MSCs were green and spindle-shaped with round
nuclei and clear nucleoli, as observed using a fluores-
cence microscope (Fig. 2b, c¢). Flow cytometry anal-
ysis for CD90, CD105, CD29, CD44, CD34 and CD45
is shown as Fig. 2d, e. BM-MSCs were differentiated
in vitro using adipogenic, oesteogenic and chondro-
genic induction media. Following 14 days of adipo-
genic induction, the cells stained oil red ‘O’ positive
showing lipid laden adipocyte phenotype. Similarly,
when induced with oesteogenic induction medium for
21 days, these cells showed oesteogensis upon stain-
ing with alizarin red for calcium deposits. When
induced with chondrogenic induction medium for
21 days, these cells showed chondrogensis upon
staining with alcian blue (Fig. 2f).

In vivo tracking GFP labeled BM-MSCs
in ischemic heart tissues

Three days after cell transplantation, we observed
GFP-positive cells distributed along the path of the
injection needles in the Ad-GFP group as shown in
confocal micrograph (Fig. 3). At 7 days after cell
transplantation, we detected vague GFP fluorescence
and could not detect GFP fluorescence after 14 days
by confocal microscope. A GFP antibody was used to
detect GFP and was visualized with a rhodamine or
FITC-conjugated secondary antibody. Distinct GFP-
positive cells were observed with this method, and the
number of positive cells was shown to have decreased
significantly after 7 days. Quantitative analysis
showed that the expression volume of GFP in the
Ad-GFP group was 6.42 + 0.92 mm® after 3 days and
1.24 + 0.76 mm® after 7 days (Fig. 4). The implanted
BM-MSCs demonstrated migratory behavior, as some
GFP-positive cells were present in the nearby cardiac

muscle. At 14 and 28 days after cell transplantation,
the number of GFP positive cells was further
decreased, and the expression volume of GFP was
0.33 £ 0.03 and 0.09 + 0.05 mm®, respectively.
Most of the GFP-positive cells were observed in the
nearby cardiac muscle. The shape of the GFP-positive
cells was round or elliptic, and the DAPI-labeled
nuclei were intact, not cracked or dissolved.

We defined the identity of the GFP-positive cells
within the tissue samples, and most were VWF positive
(Fig. 5). The percentage of double stained cells was
243 £ 2.04. vWF and cardiac myosin heavy chain
staining showed that GFP-positive cells had differen-
tiated into endothelial cells at 28 days after transplan-
tation. No GFP-positive cells were found to have
differentiated into cardiac myocytes.

GFP labeling did not affect the paracrine actions
of BM-MSCs

We examined the expression of several growth factors
and cytokine proteins in the GFP-labeled cells. The
results showed that the labeled BM-MSCs remained
fully active for expressing key growth factors and
cytokines, and the expression of FGF, VEGF, TIMP-2,
and Bcl-2 were not significantly affected by GFP
labeled BM-MSCs transplantation. Interestingly,
expression of MMP-2 was upregulated approximately
twofold in the Ad-GFP group. These results indicated
that expression of key growth factors and cytokine
proteins was not affected by GFP labeling and that the
cell migration and remodeling potential of BM-MSCs
in response to tissue injury may be enhanced by GFP
labeled BM-MSCs (Fig. 6).

Discussion

Our results showed that GFP labeling can be stably
retained in implanted BM-MSCs for at least 1 month
after implantation and that these labeled BM-MSCs
can be detected by histological analysis. Further data
indicated that GFP did not affect most proteins
expressed by the transplanted BM-MSCs.

Stem cells have shown promise for the repair of
damaged cardiac tissue, and clinical trials are already
underway (Hare et al. 2009; Meyer et al. 2006). To
understand the mechanism of cell-based cardiac
regeneration therapy, and to improve safety and
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«¥ig. 2 Transduction of MSCs with Ad-GFP for 48 h. a The
transduction efficiency of the adenovirus vector carrying GFP in
function of different MOlIs as detected by flow cytometry. b and
¢ Transduction of MSCs with Ad-GFP at an MOI of 150 for
48 h. The same field viewed under an ordinary inverted
microscope and fluorescence microscope, respectively. Magni-
fication x400. d and e Phenotype characterization of MSCs.
MSCs were positive for CD90, CD105, CD29 and CD44, but
negative for CD34 and CD45. f Adipogenic induction,
osteogenic induction and chondrogenic induction of rat bone
marrow mesenchymal stem cells before or after transduction are
shown

efficacy, monitoring of the fate and biodistribution of
cardiac-delivered SCs is necessary. GFP has become
the marker of choice for many types of cell transplan-
tation and lineage marking experiments. It is biocom-
patible, safe, nontoxic, is detected with high sensitivity
and specificity in suspended cells by flow cytometry,
and is readily detected in live, frozen, or fixed cells
using established methods (Lippincott-Schwarhz and
Patterson 2003; Rizzo et al. 2009). The sensitivity and
relative simplicity of GFP detection make it appealing.
At present, GFP has already been used as an agent for
tracking SCs (Duan et al. 2003; Xu et al. 2010);
however, little information is known about the reten-
tion of injected GFP-labeled cells implanted in the
ischemic heart over time.

lLlL'fJ -||m

Fig. 3 Distribution of GFP positive cells along the track of the
injection needle in the infarct zone of hearts at 3 days after
transplantation in the Ad-GFP group. Different fields viewed
under an ordinary invert microscope (a—c) and confocal

In the present study, we transduced BM-MSCs for
48 h with a recombinant adenovirus encoding GFP.
The transduction of BM-MSCs with the adenoviral
vector demonstrated high efficiency (96.55%) and low
toxicity, and the biological characteristics of the
BM-MSCs did not change after transduction.

After the BM-MSCs were transplanted in the rat
hearts, we directly observed BM-MSCs expressing
GFP in situ in sliced tissue sections by confocal
microscopy. The GFP labeled BM-MSCs could be
traced for 7 days before the fluorescence became
vague and intangible. This labeling and tracking
technique is simple, but the labeling duration is not
particularly long lived. We found that the method
using a GFP antibody to detect GFP in situ was more
effective and precise. Using this method, GFP labeled
BM-MSCs could be traced for at least 28 days after
transplantation. We observed that the numbers of
GFP-positive SCs in the ischemic heart tissue were
approximately 20% at 7 days, 5% at 14 days, and 1%
at 28 days relative to the total BM-MSCs adminis-
tered. In a previous study (Wu et al. 2007), BM-MSCs
were injected around skin wounds or in the wound
beds of normal and diabetic mice. The survival rate of
the GFP-expressing BM-MSCs in the wounds was
shown to be 27% at 7 days, 7.6% at 14 days, and 2.5%

4 |':|_mJ 1“"‘

microscope (d—f) are presented. a and d GFP positive MSCs,
b and e heart tissue, ¢ and f merge of the two images. Big arrow:
GFP positive cells along the track of the injection needle; Small
arrow: GFP positive cells present in the nearby cardiac muscle

@ Springer



398

Cytotechnology (2012) 64:391-401

Fig. 4 A GFP antibody was
used to detect the GFP
labeled cells in situ at 7 days
(a) and 28 days (b) after
transplantation, and distinct
GFP-positive cells can be
seen. The number of
positive cells was observed
to have decreased gradually
(). ¥ P < 0.05 vs. 7 days or
14 days or 28 days;

#P < 0.05vs.3or 14 or
28 days
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Fig. 5 Distribution of GFP and vWF positive cells in the infarct
zone of the heart at 28 days after implantation. Nuclei are
stained with DAPIL. Arrow: GFP and vWF positive cells
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at 28 days relative to the total BM-MSCs adminis-
tered. Therefore, the survival rate of BM-MSCs in the
myocardium is lower than that in the skin.

In this study we found that GFP expression was
gradually lost. One reason for this may be decreased
cell survival, cell migration, and/or cell differentia-
tion; another reason maybe the transgene transferred
by the adenoviral vectors is only transiently expressed,
thus GFP will disappear after a certain time. In
addition, transduced BM-MSCs will also express
some adenoviral proteins that may be ‘seen’ as foreign
by the immune system of the MI rats and be eliminated
within a short time.

Using GFP to track BM-MSCs after delivery to rat
hearts with MI, we could monitor the survival and
migration as well as the differentiation of the
implanted BM-MSCs. Employing immunostaining
and specific antibodies to detect surface marker
expression, we were able to monitor the differentiation
of the implanted BM-MSCs. In our study we found
that GFP-positive cells had differentiated into endo-
thelial cells instead of cardiac myocytes.
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Fig. 6 Comparison of

Control group

GFP group

protein levels in each group
via Western blot analysis.
The expression of FGF-2,
VEGF, TIMP-2, and Bcl-2
were not significantly
affected by GFP labeling.
MMP-2 was significantly
increased in the Ad-GFP
group at 7 days after
transplantation. Western
blots were quantitated from
six separate experiments by
densitometric analysis.

*P < 0.05 versus control

group
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Although MSCs possess multilineage potentials,
the therapeutic effects of MSCs in cardiac tissues are
currently thought to be largely mediated by their
paracrine actions (i.e., their ability to produce a
multitude of growth factors and cytokines) (Caplan
and Dennis 2006; Dai et al. 2005; Gnecchi et al. 20006;
Kinnaird et al. 2004), and FGF and VEGF are well
known for their regulatory and therapeutic effects on
the cardiovascular system (Suzuki et al. 2005; Wang
et al. 2006). It is therefore critical to determine
whether GFP labeling may adversely affect the
paracrine actions of MSCs. We examined the expres-
sion of several growth factors and cytokine proteins in
the GFP-labeled BM-MSCs. Our study demonstrated
that expression of key growth factors and cytokine
genes were not affected by GFP labeling. However,
we found that the expression of MMP-2 was upreg-
ulated in the Ad-GFP group. This result indicated that

B -actin

=

ZZ

the migration potential of BM-MSCs in response to
ischemic may be enhanced by GFP labeling.
Currently cell tracing techniques involve 5-bromo-
deoxyuridine (5-BrdU) labeling, fluorescent labeling,
genetic labeling, and magnetic labeling, etc. Although
5 BrdU, the dyes DAPI, CM-Dil, CFSE and other
labels have a property of high efficiency labeling,
these markers will decay or disappear gradually with
time. Markers, such as Liposome, are used for short-
term tracing of living cells, and have a relatively low
transfection efficiency. Magnetic labeling is applied to
clinical and experimental study of large animals and
may have many side effects (Hamm et al. 2002; Stroh
etal. 2009; Yan et al. 2007). Here, we presented results
showing that the GFP labeling strategy could be
reliably used for tracking BM-MSCs in an MI rat
model. GFP labeling could also be used to track MSC
distribution and fate after delivery in rat hearts with MI
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for at least 28 days, and this SC tracking strategy did
not adversely affect the paracrine actions of BM-
MSCs.
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