
Isolation, Characterization, and Spatial Distribution of Cardiac
Progenitor Cells in the Sheep Heart

Xuwei Hou1, Nancy Appleby1, Tania Fuentes1, Lawrence D. Longo2, Leonard L. Bailey3,
Nahidh Hasaniya3, and Mary Kearns-Jonker1,*

1Department of Pathology and Human Anatomy, Loma Linda University School of Medicine,
Loma Linda, CA, USA
2Center for Perinatal Biology, Loma Linda University School of Medicine, Loma Linda, CA, USA
3Department of Cardiothoracic Surgery, Loma Linda University School of Medicine, Loma Linda,
CA, USA

Abstract
Background—Laboratory large animal models are important for establishing the efficacy of
stem cell therapies that may be translated into clinical use. The similarity of ovine and human
cardiovascular systems provides an opportunity to use the sheep as a large animal model in which
to optimize cell-based treatments for the heart. Recent clinical trials in humans using endogenous
cardiovascular progenitor cells report significant improvement in cardiac function following stem
cell-based therapy. To date, however, endogenous cardiovascular progenitor cells have not been
isolated from the sheep heart.

Methods—Cardiovascular cells expressing SSEA-4, CD105 and c-kit were isolated by flow
cytometry and cloned from the right atrium of neonatal sheep. The expression of GATA-4, c-kit,
and Isl1 was identified by PCR in the cloned cells. Immunohistochemical staining was used to
compare the number of SSEA-4 positive cells in the right auricle, right atrium, left ventricle and
the apex of the heart of fetal, neonatal and adult sheep. The number of SSEA4+cells was also
compared in fetal, pregnant and non-pregnant adult sheep.

Results—Four distinct cardiac progenitor cell sub-populations were identified in sheep,
including CD105+SSEA-4+c-kit+Isl1+GATA-4+cells, CD105+SSEA-4+c-kit
+Isl1+GATA-4−cells, CD105+SSEA-4−c-kit-Isl1+GATA-4−cells, and CD105+SSEA-4−c-kit
+Isl1+GATA-4−cells. Immunohistochemical staining for SSEA-4 showed that labeled cells were
most abundant in the right atrium of fetal hearts where niches of progenitor cells could be
identified.

Copyright: © 2012 Hou X, et al.
*Corresponding author: Mary Kearns-Jonker, Department of Pathology and Human Anatomy, Loma Linda University School of
Medicine, Loma Linda, CA, USA, mkearnsjonker@llu.edu.

This an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original author and source are credited.

Publisher's Disclaimer: This article was originally published in a journal by OMICS Publishing Group, and the attached copy is
provided by OMICS Publishing Group for the author's benefit and for the benefit of the author's institution, for commercial/research/
educational use including without limitation use in instruction at your institution, sending it to specific colleagues that you know, and
providing a copy to your institution's administrator.
All other uses, reproduction and distribution, including without limitation commercial reprints, selling or licensing copies or access, or
posting on open internet sites, your personal or institution's website or repository, are requested to cite properly.

NIH Public Access
Author Manuscript
J Clin Exp Cardiolog. Author manuscript; available in PMC 2013 March 25.

Published in final edited form as:
J Clin Exp Cardiolog. 2012 October 11; Suppl 6: .

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Conclusion—We determined the phenotype and distribution of cardiac progenitor cells in the
sheep heart. The availability of cloned endogenous cardiac progenitor cells from sheep will
provide a valuable resource for optimizing the conditions for cardiac repair in the ovine model.
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Introduction
Small animal models have been used widely to explore the impact of stem cell
transplantation on cardiac function [1–4]. Stem cell-derived cardiovascular progenitors are
capable of both neovascularization and cardiomyogenesis [5–6]. Consequently,
administration of these cells for cardiovascular repair frequently provides a functional
benefit in both mice and rats [7,8]. The extension of these findings into clinical trials,
however, has been somewhat disappointing in that the marginal benefit obtained from cell-
based treatments has not been substantially different from benefits obtained using
conventional drug-based therapy [9].

The divergence between the results in rodents and those reported in humans may, in part, be
due to differences in the heart rate of humans and small animals. Large animals, e.g. sheep,
dogs or pigs are anatomically closer to humans in terms of structure, size, and heart rate, and
therefore, represent models that may be more suitable for preclinical stem cell studies [10–
12]. An additional challenge in optimizing stem cell-based treatments is the fact that the best
candidate cell for expansion and administration into patients still remains to be determined.
Cardiac progenitor cells (CPC) isolated from the heart itself have gained an increasing
amount of attention due to the advantages of using an autologous cell type that can be
isolated from patients. Data from several laboratories document the ability to expand these
cells readily, and the ability of these progenitors to be differentiated in vitro into
cardiovascular cells [13–15]. In clinical trials, these cells have been introduced into patients
with ischemic cardiomyopathy (SCIPIO study) with promising results [16]. It is believed
that CPC residing within the heart may have advantages over other stem cell types [17].

In order to optimize conditions under which CPC can be utilized to maximize their benefit
for stem cell transplantation, cardiac progenitor cells need to be tested in large animals [18].
Several studies have been reported in pigs [19] and dogs [10], however, no studies have
reported the isolation of cardiac progenitor cells from sheep or their effect on heart repair.
The sheep is a commonly used animal model in the stem cell research field. Mesenchymal
stem cells, embryonic stem cells, and skeletal myoblasts for heart repair have been studied
in the sheep, but none of those reports used endogenous cardiac stem cells [11,20,21].

The successful clinical application of cardiac progenitor cells in patients could be expedited
if the appropriate models were available for optimizing the experimental conditions
necessary to maximize functional benefit. In the present study, we sought to isolate,
characterize, and clone endogenous cardiovascular progenitors from the sheep heart. Our
hypothesis was that the gene expression profile, surface phenotype and spatial distribution of
endogenous cardiovascular progenitors in the sheep will be similar to that of humans.
Hopefully, the availability of these cells will benefit the advancement of stem cell
transplantation for cardiac repair.
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Materials and Methods
Animal preparation

A total of 13 female Suffolk sheep were used in this study, including 2 neonates (9 days and
10 days after birth, respectively), 5 fetuses (130 to 150 days gestation), 3 pregnant ewes (2
years of age) and 3 age-matched non-pregnant ewes. All experimental procedures were
performed within the regulations of the Animal Welfare Act, the National Institutes of
Health Guide for the Care and Use of Laboratory Animals, and the Institutional Animal Care
and Use Committee of Loma Linda University.

Cardiac progenitor cell isolation and clonogenic culture
Enzymatic digestion was used to dissociate CPCs from the right atrium of neonatal sheep.
The tissue was cut into 1 mm3 pieces in ice cold M-buffer, washed, and digested with
collagenase A (Roche Diagnostics Corp, Indianapolis, IN) at 1 mg/ml for two hours at 37
degrees. The digested cells were then resuspended in supplemented M199 medium and
cloned at a density of 0.8 cells/well on 0.1% gelatin-coated 96 well plates. CPCs were also
isolated from surgical biopsies of age-matched human neonates (8 days after birth) under
Institutional Review Board approval. The availability of human tissue for the isolation of
endogenous cardiovascular cells allowed us to compare CPC in sheep and in humans.

RNA isolation and reverse transcription-polymerase chain reaction (RT-PCR) analysis
Total RNA was extracted from cultured cells at passage 5, and RNA was reverse transcribed
into cDNA. Sheep primer sequences were designed by using Primer-BLAST
(www.ncbi.nlm.nih.gov/tools/primer-blast/). Sheep specific primers for GATA-4, c-kit, Isl1
transcription factor (Isl1) and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) used
for this study are shown in table 1. Real-Time PCR was performed using Fast SYBR Green
Master Mix (Promega, Madison, WI) and an IQ™5 Multicolor Real-Time PCR Detection
System (BioRad, Hercules, CA). The PCR conditions were: 94°C for 10 minutes, 94°C for
15 seconds, 52°C for 60 seconds, 72°C for 30 seconds for a total of 40 cycles. The presence
of a PCR product of the correct size was verified by gel electrophoresis.

Flow cytometry
Flow cytometry experiments were performed to examine surface marker expression on
cardiovascular cell clones at passage 5 following isolation from the sheep heart. Cells were
tested using monoclonal phycoerythrin (PE) conjugated mouse anti-human CD105 antibody
(Biolegend, San Diego, CA), fluorescein isothiocyanate (FITC) conjugated mouse anti-
human stage-specific embryonic antigen 4 (SSEA-4) (Biolegend) and mouse anti-human c-
kit (Millipore, Billerica, MA). All antibodies were used at concentrations recommended by
the manufacturer for flow cytometry and the appropriate isotype controls were included for
each assay. The data was acquired using a MACSQuant Analyzer (MiltenyiBiotec, Auburn,
CA). Labeling experiments were repeated three times for this study.

Proliferation assay
The Proliferation assay was performed using the Quick Cell Proliferation Assay Kit II
(BioVision, Milpitas, CA). Briefly, cultured cells (5×103/well) at passage 5 were distributed
in a 96-well plate in a final volume of 100 μl/well culture medium and were cultured
overnight. WST-1 solution was added to each well and the cells were incubated for 4
additional hours in standard culture conditions. The absorbance of the samples was then
measured using a micro titer plate reader at 450 nm. Cardiac progenitor cells from age-
matched human heart biopsies (patients at 8 days after birth) at passage 5 were used to
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compare the proliferation rates in sheep and human CPC. All clones were analyzed in
triplicate.

SSEA-4 immunofluorescence staining
Frozen sections from the right auricle, right atrium, left ventricle and apex of the heart were
obtained from fetal sheep (n=5), pregnant adult ewes (n=3) and non-pregnant adult ewes
(n=3) for SSEA-4 immunofluorescence staining. Samples from neonatal sheep were divided
to allow a portion of the tissue to be used for cell culture and a portion to be used for
immunostaining. Tissues were cut into sections at 5 μm thickness for immunofluorescence
staining and 10 μm for confocal microscope analyses. The FITC conjugated antibody for
SSEA-4 was added (1:100 dilution) overnight at 4 degrees. Staining was observed under
fluorescent microscopy (Olympus BH-2, Japan) and confocal microscopy (Zeiss
Microscopy LLC, Thornwood, NY). The SSEA-4 labeled cells were quantified using Image-
Pro plus 5.0 (Media Cybernetics, Rockville, MD). SSEA-4 positive labeling was calculated
as the total SSEA-4 positive area (in pixels)/total image area (192000 pixels)×100%. Five
representative labeled areas were selected for quantification and the average labeling was
reported for each sample. For confocal microscope analyses, the Z stack mode was applied
to localize the FITC and DAPI labeling areas.

Statistics
The percentage of SSEA-4 labeling and the proliferation rates were expressed as mean ±
standard error. The SSEA-4 labeled area was compared in the fetal, neonatal, pregnant and
non-pregnant sheep using ANOVA analyses. The proliferation rate between human and
sheep cells was compared by student test. P<0.05 was considered statistically significant. All
analyses were performed using SPSS software (Statistical Package for the Social Sciences,
version 16.0, SPSS Inc, Chicago, IL).

Results
Cell surface markers expressed on neonatal sheep cardiovascular cell clones

A total of 36 clones were derived from neonatal sheep hearts and were tested for SSEA-4,
CD105 and c-kit expression levels by flow cytometry (Figure 1). Our data showed several
distinct sub-populations of isolated cells defined by the presence of CD105 co-expressing
either SSEA-4 or c-kit (Figure 1,2). Of all clones tested, 26 (72%) were CD105 positive
(mean percentage: 25.8 ± 3.7%); 9 clones (25%) were SSEA-4 positive (mean percentage:
9.9 ± 2.0%) and 10 clones (28%) were c-kit positive (mean percentage: 9.5 ± 2.9%). Five
cell clones (14%) co-expressed SSEA-4, CD105 and c-kit. PCR was used to verify that
transcripts for c-kit were present in the cells where surface labeling for c-kit was low (Figure
2). These results suggested that the cardiac progenitor cells that were isolated from the
neonatal sheep heart were heterogeneous.

Stem cell marker transcripts expressed in neonatal sheep cardiovascular cell clones
RT-PCR was performed to determine whether Isl1 and GATA-4 were expressed in the
proliferating cells that were isolated and cloned from the neonatal sheep heart (Figure 3). A
total of 12 cell clones at passage 5 were tested by PCR. Isl1 was expressed in all cell clones.
GATA-4 was detected in a proportion of the clones (Figure 3). Combined with the data from
flow cytometry mentioned above, four distinct cardiac progenitor cell sub-populations were
identified that expressed the following cardiovascular progenitor cell markers:
CD105+SSEA-4+c-kit+Isl1+GATA-4+, CD105+SSEA-4+c-kit+Isl1+GATA-4−,
CD105+SSEA-4−c-kit-Isl1+GATA-4−, and CD105+SSEA-4−c-kit+Isl1+GATA-4−.
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The proliferation rate of sheep vs. human cardiovascular progenitor cell clones
We compared the proliferation rate of sheep CPC with that of comparable clones isolated
from human neonatal patients. This information was intended to determine whether or not
the time needed to expand sheep CPC to numbers sufficient for transplantation would be the
same or different than the time necessary to expand human CPC to numbers sufficient for
human cardiac transplantation. Eight cardiovascular progenitor clones at passage 5 were
compared (n=4 in each group). The proliferation rate was measured using a readout of
optical absorbance at OD 450. The optical absorbance at OD 450 of the 4 human CPC
clones was: 0.48 ± 0.01, 0.51 ± 0.02, 0.34 ± 0.01, 0.72 ± 0.01; the absorbance in the wells
containing the sheep cell clones was: 0.26 ± 0.01, 0.40 ± 0.01, 0.46 ± 0.01 and 0.30 ± 0.01,
respectively. The mean optical absorbance for the human cardiac progenitor cells was 0.51 ±
0.01 vs. 0.35 ± 0.01 for the sheep. Compared to cardiac progenitor cells isolated from
humans, the cardiac progenitor cells isolated from sheep had a lower proliferation rate
(Figure 4, P=0.017).

The distribution of SSEA-4 positive cells in the neonatal sheep heart
SSEA-4 has been used as a stem cell marker to identify resident progenitor cells in the
human heart [22]. In order to determine the relative frequency and distribution of SSEA-4
labeled cells in sheep, we used immunostaining to identify labeled areas in the atrium,
auricle, left ventricle and apex of the heart. Age-matched adult pregnant and non-pregnant
sheep, fetal sheep at 130 to 150 days of gestation and neonatal sheep at 8 days after birth
were used to obtain cardiac tissue samples for this analysis. In general, a markedly higher
level of staining was identified in the right auricle and right atrium when compared to
staining identified in the left ventricle and apex. We observed clusters of SSEA-4 labeled
cells distributed in the right auricle and right atrium of fetal sheep samples, but not in the left
ventricle and apex tissues. These clusters of SSEA-4 labeled areas were not observed in
samples derived from adult pregnant or non-pregnant sheep.

Typical images representing the SSEA-4 labeled areas in the auricle, right atrium, left
ventricle and apex of fetal, pregnant and non-pregnant sheep are shown in figure 5. A
representative confocal microscope image of a CPC isolated from the right atrium of a fetal
sheep is shown in figure 6. Quantitative analysis showed that SSEA-4 labeling in the auricle
was 1.15 ± 0.22% in fetal sheep; 0.30 ± 0.11% in pregnant and 0.28 ± 0.08% in the non-
pregnant adult sheep (1.15 ± 0.22% vs. 0.30 ± 0.11% and 0.28 ± 0.08%, both P<0.001)
(Figure 7). SSEA-4 labeling was also significantly higher in the right atrium of the fetus
when compared to pregnant and non-pregnant adults (1.36% ± 0.23% vs. 0.37% ± 0.16%
and 0.29% ± 0.14%, both P<0.001). There were no differences in SSEA-4 staining area ratio
in the left ventricle and apex. SSEA-4 labeling area ratio in the right atrium of neonates
(0.96 ± 0.17%) was lower than that in fetuses, but was significantly higher than that in
pregnant or non-pregnant adults (P=0.0042 and P=0.0022, respectively).

Discussion
In the present study, we provide the first report of cloned, endogenous cardiac progenitor
cells isolated from neonatal sheep. Sheep and human endogenous cardiovascular cells are
similar, expressing CD105, SSEA-4, c-kit and Isl1, a transcription factor identifying cardiac-
lineage progenitor cells. These cells, in neonatal sheep and fetal humans are clustered in
vivo in the right atrium where they are most abundant. The number of SSEA4+cells and Isl1
positive cells declines significantly during the neonatal period in humans [22]. The
availability of sheep CPC will provide new opportunities to optimize the use of endogenous
cardiac progenitor cells for the repair of the heart in humans using the sheep as a preclinical
large animal model.
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Isl1+precursors have the potential of self-renewal and differentiation into endothelial,
cardiomyocyte, and smooth muscle lineages [23]. Cardiovascular progenitor cells that
express Isl1 were shown to cluster within the right atrial wall in fetal and newborn humans
[22], but occurred at lower frequency when compared with our findings in sheep of
comparable age [24]. All CPC clones isolated from neonatal sheep expressed Isl1, possibly
due to the method of progenitor cell isolation used in our study which allowed us to examine
transcription factor expression in proliferating cardiovascular cell clones. Isl1 expression
defines these cells as cardiac progenitors [25,26].

Although Isl1 expression is limited, a higher percentage of cardiovascular progenitors
expressing c-kit can be isolated from human patients (approximately 24%) [24]. A similar
percentage of c-kit expressing cells were identified in sheep. The ability to isolate higher
numbers of c-kit+cells from some older individuals may be a consequence of the medical
condition of the patient [16]. The expression of c-kit has been identified on cardiovascular
progenitors, cardiospheres and cardiosphere-derived cells (CDCs) [27,28]. In rats,
transplantation of progenitor cells expressing c-kit improves cardiac function [28] and the c-
kit+cardiac stem cells are beneficial when administered in human clinical trials [16]. In the
present study, we also observed the co-expression of c-kit and CD105 on sheep CPC, which
is consistent with a prior report in humans [27]. The sheep clones can be used to optimize
administration of c-kit expressing cells for cell–based treatment of the heart.

The ovine model will also provide an opportunity to address the relevance of the
heterogeneity in the CPC population. Sheep CPC that are c-kit+Isl1+ and c-kit-isl1+ are
present and clonable in normal sheep. Interestingly, sheep CPC can co-express c-kit and Isl1
whereas, a CPC population expressing c-kit and Isl1 has not been identified in humans
[24,29]. As some c-kit+ cells also may be mast cells [29], the frequent co-expression of Isl1
and c-kit in our study indicates that c-kit positive cells in the sheep heart are cardiovascular
progenitors. Pouly et al. identified c-kit+CD45+ cells from human endomyocardial biopsies
that do not express the stem cell markers MDR-1, Isl1 or CD105 [29], whereas, Koninckx et
al. identified c-kit+CD105+ cells that were CD45 negative [30]. Isl1 was not examined in
these cells. In cardiac stem cells isolated from human atrial appendages, GATA4+ or
Nkx2.5+ cells were always c-kit positive, but c-kit+ cells were not always GATA4+/
Nkx2.5+ positive [31].

Although CPCs identified in humans include separate populations of SSEA-4+ cells, c-kit+
cells, and Isl1+ cells, [22] substantial overlap appears to exist in the sheep. Whether or not
these cells represent various stages of differentiation from a common progenitor in the sheep
remains to be determined. Sheep CPC clones identified in this report represent a novel
resource with which to clarify the functional potential of distinct subpopulations of
progenitors when administered for cardiovascular repair. Of particular interest will be the
differentiation and functional capacity of clones expressing both Isl1 and c-kit. The impact
of these cells on cardiac function in vivo will provide new insight on the efficacy of
endogenous cardiovascular stem cells utilized for the repair of the heart.
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Abbreviations

CPC Cardiac Progenitor Cells

SSEA-4 Stage-Specific Embryonic Antigen 4

Isl1 Islet-1 Transcription Factor

GATA-4 Transcription Factor GATA-4

FITC Fluorescein Isothiocyanate

GAPDH Glyceraldehyde-3-Phosphate Dehydrogenase
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Figure 1. Cell surface marker expression patterns in sheep cardiovascular cell clones
Sheep cardiovascular progenitor cell clones were examined for expression of early
cardiovascular progenitor cell markers CD105, SSEA-4 and c-kit using flow cytometry. Cell
surface marker expression on three representative cardiovascular progenitor cell clones is
shown here. The CD105+SSEA4+c-kit+ cell clone shown is FC1, the CD105+SSEA4-c-kit-
clone is FC2 and the CD105+SSEA4-c-kit+ clone is HB1. A total of 36 clones were
examined by flow cytometry. Positively labeled cells are represented in black, isotype
controls are shown as a clear tracing.

Hou et al. Page 9

J Clin Exp Cardiolog. Author manuscript; available in PMC 2013 March 25.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 2. c-kit expression on cardiovascular progenitor cells
The levels of c-kit were low, as shown by the mean channel shift (A) for the seven
representative clones. The expression levels of CD105 and SSEA4 are provided for
comparison. The expression of c-kit identified by flow cytometry (B) was confirmed by
PCR (C, c-kit size=283bp).
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Figure 3. Cardiovascular transcription factor expression in isolated neonatal sheep cell clones
Neonatal sheep cardiovascular cell clones shown were tested by PCR for expression of Isl 1
and GATA-4. All seven clones expressed transcripts for Isl1 (A, Isl1 size=131bp) and a
proportion of these clones expressed transcripts for GATA-4 (B, GATA-4 size=188bp).
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Figure 4.
Proliferation rate of sheep cardiac progenitor cells when compared with similar clones
isolated from humans. The proliferation rate of neonatal sheep and neonatal human
cardiovascular progenitor clones was indicated by the OD 450 absorbance using a
proliferation assay kit. Sheep CPC had a lower proliferation rate when compared with
human CPC (0.35 ± 0.01 vs. 0.51 ± 0.01, P=0.017), suggesting that CPC from sheep
proliferate more slowly than comparable clones isolated from age-matched humans.
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Figure 5. SSEA-4 labeling distribution in the right atrium and right auricle of fetal, pregnant
and adult sheep
Representative images of the right auricle and right atrium from fetal, pregnant and adult
sheep are shown (magnitude 200×). Niche-like SSEA-4 positive areas labeled with FITC
were observed in right auricle and right atrium tissues from fetal sheep samples, but were
not identified in the left ventricle and apex. The SSEA-4 positive areas in the right auricle,
right atrium and left ventricle from pregnant adults and non-pregnant adults were sparse.
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Figure 6. SSEA-4-labeling on a representative cardiac progenitor cell
Confocal laser scanning microscope images (magnitude 630×) were taken after
immunohistochemical staining of cardiac progenitor cells in the right atrium of fetal sheep
using a FITC-labeled anti-SSEA-4 antibody: A) DAPI stained cell nuclei B) FITC labeled
cell surface and cytoplasm identifies SSEA4 expression on these cells C) merged image of
DAPI and FITC staining.
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Figure 7. Quantitation of SSEA-4 labeled cells in the sheep heart
SSEA-4 positive labeling in the right auricle, right atrium, left ventricle and apex of fetal,
pregnant and non-pregnant female adult sheep hearts were compared. By quantitative
analysis, SSEA-4 labeling was significantly higher in the right atrium of the fetus when
compared with pregnant and non-pregnant adults (1.36% ± 0.23% vs. 0.37% ± 0.16% and
0.29% ± 0.14%, both P<0.001). SSEA-4+ labeling in the auricle was 1.15 ± 0.22% in fetal
sheep; 0.30 ± 0.11% in pregnant and 0.28 ± 0.08% in the non-pregnant adult sheep (1.15 ±
0.22% vs. 0.30 ± 0.11% and 0.28 ± 0.08%, both P<0.001). There were no differences in
SSEA-4 staining in the left ventricle or apex of fetal, pregnant or adult sheep.
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Table 1

Sheep-Specific Primers.

Genes Forward Reverse

GATA-4 CTTCCAGCAGCTCCAGCAGTGTG TTGCGGGGAGAGCTTCAGAGCG

Isl1 GTGCAGCATCGGCTTCAGCAAAAA CCTCCCGCAGCGCGAACTCAT

c-kit GGCATATCCCAAACCTGAACACCGA CCCTGCGGCCACGCACTGTA

GAPDH CCAGCCGCATCCCTGAGA CAAG GACCCTCTTGGCGCCACCCT

J Clin Exp Cardiolog. Author manuscript; available in PMC 2013 March 25.


