





Introduction

how an organism develops from a single
cell

how healthy cells replace damaged cells in

adult organisms.

investigate the possibility of cell-based
therapies to treat disease

This is a promising area of sciences




not just in cell-based therapies,

but also for screening new drugs and
toxins and understanding birth defects.

Stem Cell Theory of Cancer
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Mouse adult stem cells are
injected into the muscle of
the damaged left ventricular
wall of the mouse heart.
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Adult stem cells

Stem cells help

regenerate
damaged

heart muscle.

Damaged
heart muscle
cells

Human adult bone marrow
stem cells are injected into
the tail vasculature of a rat.
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The stem cells induce new blood vessel
formation in the damaged heart muscle
and proliferation of existing vasculature.

Adult stem

New blood
vessels

Damaged
heart muscle
cells




In vitro fertilization
Egg

Fertilized egg

\_ Morula Blastocyst Remove inner cell mass
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Transplant to patient

Ilustration by Cell Irmaging Core of the Center for Reproductive Sciences,
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New hope for a broken heart!







Methodologies to label stem cells
for tracking continue to expand.

Non-invasive imaging offers the potential
to better understand the interaction of
exogenous stem cells with the host to
answer questions such as the

timing of delivery




CIRCULATION. 2008 SEP 30;118(14 SUPPL):S121-9.







Bone marrow mononuclear cells (MN),

mesenchymal stem cells (MSC),
, and fibroblasts (Fibro)

expressing firefly luciferase (Fluc) and green
fluorescence protein (GFP) were acquired
from8-week-old male L2G mice (n=15), which
were bred on FVB background and ubiquitously
express green fluorescent protein (GFP) and
firefly luciferase (Fluc) reporter genes driven by
a [B-actin promoter




Historically, exogenously expressed green
fluorescent protein (GFP) has been
ubiquitously used as a reporter gene in

histological specimens. However, the
attenuation of fluorescence across tissue
layers limits GFP utility as an in vivo
optical imaging reporter gene.




For in vivo reporter gene imaging,
bioluminescence imaging (BLI) is
commonly used to track cells transfected

to express firefly luciferase. The
administration of the reporter probe, D-
luciferin, in the presence of ATP is
catalyzed by luciferase to oxyluciferin with
the release of light that can be recorded by
a charge-coupled device camera.




Female FVB mice (8 weeks old) were intubated with a 20-gauge
angiocath (Ethicon Endo-Surgery, Inc) and placed under general
anesthesia with isoflurane (2%).

Myocardial infarction (MI) was created by ligation of the mid left

anterior descending (LAD) artery with 8-0 ethilon suture through a
left anterolateral thoracotomy as described.

Ten minutes afterward, the infarct region was confirmed by
myocardial blanching. Injections were made at 2 sites

with a total volume of 50 uL
containing or PBS respective of group randomization
using a Hamilton syringe with a 29-gauge needle.




Longitudinal in vivo optical bioluminescence imaging (BLI) of transplanted cell survival. a, Images from
the same representative animal from each group reveal cell proliferation, death, and migration
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STEM CELLS 2007;25:2677-2684
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Noninvasive Quantification and Optimization of Acute
Cell Retention by In Vivo Positron Emission
Tomography After Intramyocardial Cardiac-Derived

Stem Cell Delivery

J AM COLL CARDIOL. 2009 OCT 20;54(17):1619-26




The aim of this study was to quantify acute
myocardial retention of cardiac-derived
stem cells (CDCs) and




Cardiac-derived stem cells (CDCs) were cultured from tissue
samples derived from explanted hearts from male 3-month-old
Wistar Kyoto (WKY) rats

In vitro 3H-FDG labeling: 10° cells were incubated in glucose-free
medium for 1 h and exposed to 2 pCi/ml of 3H-FDG

Female WKY rats (n = 85 total) underwent left thoracotomy under
general anesthesia, and Ml was produced by permanent ligation of
the left anterior descending coronary artery and the cells were
injected as fallowing.




Cells were injected intramyocardially after the induction of cardiac
arrest

Cells were lysed with sonication after labeling and before injection
Cells were suspended in PBS and injected intramyocardially

Cells were suspended in PBS containing 100 umol/l of BDM to
locally suppress contractility at the injection site

After intramyocardial cell injection, the epicardial side of the injection
site was sealed by Fibrin Glu

Intramyocardial delivery of cells was performed during slowing of
ventricular rate by IV injection of adenosine

Cell delivery was performed during IV adenosine injection and
subsequently the injection site was sealed epicardially by FG




Circulating proangiogenic progenitor cells isolated from
peripheral blood and cultivated for 3 days were labeled
with radioactive indium oxine ('''In-oxine).

Radiolabeled proangiogenic progenitor cells were

administered to patients with previous myocardial
infarction and a revascularized infarct vessel at various
stages afterinfarction (5 days to 17 years).

Viability of the infarcted myocardium was determined by
18F-fluorodeoxyglucose—positron emission tomography




(A) Transverse, (B) coronal, (C) sagittal image orientation. In a different experiment,
fusion of computed tomography (CT) and micro-positron computed tomography (PET)
images provides more detailed anatomical information. (D) Transverse, (E) coronal, (F)
sagittal image orientation.

A B C




In vivo PET permits accurate
measurement of CDC retention early after
intramyocardial delivery.

Sealing injection sites with FG or lowering
ventricular rate by adenosine might be
clinically translatable methods for
improving stem cell engraftment in a
beating heart.




Serial in vivo positive contrast MRI of iron oxide-labeled
embryonic stem cell-derived cardiac precursor cells in a
mouse model of myocardial infarction

MAGN RESON MED. 2008 JUL;60(1):73-81




The aim of the current study was to test a positive contrast MR
technique using reduced z-gradient rephasing (GRASP) to aid in
dynamically tracking stem cells in an in vivo model of mouse
myocardial infraction.

Ferumoxides and protamine sulfate were complexed and used to
magnetically label embryonic stem cell-derived cardiac-precursor-
cells (ES-CPCs).

A total of 500,000 ES-CPCs were injected in the border zone of
infarcted mice and MR imaging was performed.

Following imaging, mice were sacrificed for histology and Perl's
staining was used to confirm iron within myocardium. Good
correlation was observed between signal loss seen on conventional
T images, bright areas on GRASP, and the presence of iron on
histolog




Histology
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T2* GRE

1 week post stem cell implantation

GRASP







Combined Reporter Gene PET and Iron Oxide MRI
for Monitoring Survival and Localization of

Transplanted Cells in the Rat Heart

JOURNAL OF NUCLEAR MEDICINE VOL. 50 NO. 7 1088-1094







Representative MR and PET images of rat thorax 1 d after cell transplantation.
Donor cells were labeled with iron (left), NIS only (middle), or both iron and NIS

(right).
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Results from longitudinal imaging of transplanted HEPCs
labeled with both iron oxides and NIS gene

A
MRI
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A) Representative short-axis images of ' .
rat on days 1, 3, and 7 after PET

transplantation. (B) Time course of e

mean (£SD) MRI and PET signal.
Contrast-to-noise ratio by MRI at site PN

. (13N-NH,/
of cell injection was stable over 7 d, 124])

but 24| uptake decreased rapidly and
was not detectable on day 7 after cell
engraftment (*P < 0.001). (C and D)
Results of autoradiography confirmed
changes in 24| signal by PET.
Representative autoradiograph (C)
and bar graph of mean (xSD) 24|
uptake ratio (D) demonstrate rapid
decrease of uptake signal as early as
3 d after transplantation

1.8

1.6

1.4 ® NIS-labeled HEPC
' O LV blood

1.2

1.0+

0.8 1]

06+ ©

0.4

0.2

c0—mnm——mnn00D9—V4—n-0—4+4——+—
0 20 i 60 80

Time after tracer injection (min)

124] activity (%ID/cm3) )




Pilot Trial on Determinants of Progenitor Cell
Recruitment to the Infarcted Human Myocardium
CIRCULATION. 2008;118:1425-1432










Example of 111In uptake in patient after an anterior AMI (cell administration 5 days after acute PCI)
FDG-PET

A Coronary angiogram

B LV angiogram
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