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Gunseli QUBUKCUOGLU DENiZ,a ABSTRACT The aim of this review is to define the cell based therapy applications, together with
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revision of up to date literature in peripheral artery diseases, predominantly, the possible mecha-
nisms of the theraupetic effect regarding the experimental studies. Clinical studies about this issue
will be mentioned limitedly. The issue titles which must be answered by the angiogenesis studies
which are targeted by the cell based therapies will also be mentioned throughout this paper. The
term regenerative medicine refers to the strategies and methodologies used in curing conditions as
opposed to treating them. Despite more than 10 years of worldwide activity on adult stem cell de-
velopmental plasticity (metamoirosis), current results of fundamental research are still in the em-
bryonic stage. Cardiovascular disorders are the leading causes of mortality and morbidity in the
developed world. Cell-based modalities have received considerable scientific attention over the last
decade for their potential use in this clinical arena. The question, whether or not future improve-
ments on cell-based therapies will provide remarkable improvement in survival and quality of life
for millions of patients with cardiovascular disorders still remains unsolved.

Key Words: Stem cell; peripheral vascular disease; angiogenesis; molecular mechanism

OZET Bu derlemenin amaci, perifer arter hastalig ile ilgili giincel yayinlar inceleyerek, terapstik
etkinin olasi mekanizmalarinin incelendigi aragtirmalar 15131nda, hiicre tabanl tedavi uygulamala-
rin1 tanimlamaktir. Bu konuyla ilgili klinik ¢aligmalardan kisithi olarak bahsedilecektir. Anjioge-
nez konusunda yapilan caligmalar ile incelenen konu baglhiklarina da bu derleme iginde yer
verilmektedir. Metin igerisinde onarimsal tip terimiyle kast edilen tedavi yerine tamamen iyilesme
yolunda izlenen tibbi strateji ve metodolojilerdir. Eriskin kok hiicrelerinin gelisimsel plastisitesi
(metamoirosis) tizerinde yapilan ¢aligmalar 10 yili agkin siiredir devam etmekte olsa da, temel bi-
limsel sonuglar halen embriyonik asamadadir. Kardiyovaskiiler hastaliklar, gelismis tilkelerde mor-
talite ve morbiditenin baslica sebebidir. Hiicre tabanl tedavi yaklasimlari, gegtigimiz on yil i¢inde
klinik alandaki potansiyel kullanim alanlar1 sebebiyle yogun ilgi gérmektedir. {leriki yillarda hiic-
re-tabanli tedavi yaklagimlarindaki gelismelerin, kardiyovaskiiler hastaliklardan etkilenen milyon-
larca insanin yagam kalitesine ve hayatta kalimina anlamh bir fayda saglayip saglayamayacag: halen
belirsizligini korumaktadir.

Anahtar Kelimeler: Kok hiicre; periferal vaskiiler hastalik; anjiogenez; molekiiler mekanizma
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I THE BRIEF HISTORY OF THE ANGIONESIS STUDIES IN
PERIPHERAL ARTERIAL DISEASES

he study reported by Asahara et al.! is the first invivo study which as-
sessed the efficacy of the utilization of the endothelial progenitor
cells (EPCs) in an experimental ischemia model following the isola-
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tion of these cells via magnetic activated cell sort-
ing principle. They reported that the EPCs formed

capillary web formation on the 7th day. In 1-6 we-

eks the nucleus-marked EPCs appeared in the new

vessel formation sites and almost all the marked

cells were in correlation with the capillary vessel

walls. In the detailed immunohistochemical study

of these cells, it was shown that the marked EPCs

settled in the ischemic site around the vessel web of
the new vessel formation site. This study is the in-

novator of the cell-based therapies.

Kalka et al.? has an important implication abo-
ut peripheral ischemia models. In their experi-
mental study, EPCs which are cultivated by
cellular culture environment are used. In the expe-
rimental peripheral extremity ischemia model of
the athymic rats the efficacy of the human EPCs
are compared with the control group. In the isola-
tion of the EPCs, fluorescence-activated cell sort-
ing (FACS) method was used. After the ischemia
and cell based therapy process, observations were
made in different periods. It was seen that in the
cell implantation group autoamputation rate was
lowered by 50%, capillary density rate and regional
extremity blood flow increased significantly in
early periods. This study has an historical impor-
tance by means of using the EPCs in peripheral ex-
tremity ischemia.

I POTENTIAL MOLECULAR MECHANISMS
IN ANGIOGENIC PROCESS

For defining the stem cell behaviour and their dif-
ferantiation process and enlightening the potenti-
al molecular mechanisms in these processes, many
informations are added to the literature. In defi-
ning the cell cycle, “niche” concept is used re-
cently. “Niche” was defined by Schofield in 1978
as spesific anatomic sites which manage the role of
stem cells for tissue renewing, protecting and re-
pairing.? Niche is mostly in contact with related
stem cells and controls the proliferation while bloc-
king the reduction in stem cell number. However,
it provides the stem cells’ survival without any dif-
ferantiation. It was reported that there is a failure
between stem cells and the niche in tumoral deve-
lopment.* Niche is one of the important target sites
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in stem cell therapy and also it is an important
component for tissue hemostasis.

According to the recent data, stem cell niches
are the most important mechanisms in stem cell bi-
ology and behaviour regulation.” Humoral, meta-
bolic, physical, neural and paracrine effects which
affect stem cell niche continuously affect the niche
and can affect the stem cell behaviour via the orga-
nisation of the cells neighbouring it.® As a result of
the sent messages over the niche, some certain
pathways and molecular mechanisms step in and
then every stem cell symmetrically can produce
two similar young cells or two differantiated cells
(symmetric cell division) or every stem cell tends to
produce a similar young cell and another differen-
tiated young cell in the same division (asymmetric
cell division).®® The Notch receptor which is com-
mon in vertebrated and non-vertebrated animals
includes one pathway transmembran protein and
is modulated by Delta and Serrate ligands; it has
very important functions in stem cell behaviour re-
gulation.’ For example, the protection of differan-
tiation inhibition and immature phenotype for
heamopoietic stem cells (HSCs) is provided by the
Notch signal; differantiation stimulation is provi-
ded by the Wnt signal.!® Uncontrolled regulation
in the Notch and Wnt signal mechanisms and the-
ir continuous pathways can cause displastic cell
proliferation (cancer formation hypothesis) or in-
sufficient repair in older ages.

HSCs have the ability to renew themselves and
to give rise to all lineages of the blood; however,
the signals that regulate HSC self-renewal still re-
main unclear. Wnt signalling pathway has an im-
portant role in this process. Overexpression of
activated b-catenin expands the pool of HSCs in
long-term cultures by both phenotype and functi-
on."! The researchers conclude that the Wnt sig-
nalling pathway is critical for normal HSC
homeostasis in vitro and in vivo, and provides an
insight into the potential molecular hierarchy of
regulation of HSC development.

Some signal ways in the bone marrow (BM)
niche have a role in the endothelial differentiati-
on. Osteoblasts in the endosteal niche expressing
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Jagged-1 (Jagl) and N-cadherin contact and main-
tain HSCs by activation of Notch, and might furt-
her regulate HSC activity through N-cadherin and
B-catenin signalling. The signal interactions bet-
ween endothelial cell (EC) in vascular niche and
HSCs is not well known. HSCs might be transpor-
ted between niches and subjected to differential re-
gulation in each niche. ECs expressing vascular
cell-adhesion molecule 1 (VCAM-1) also associate
closely with megakaryocytes and their progenitors
through very late activation antigen 4 (VLA4) in
response to chemotactic factors, stromal cell-deri-
ved factor-1 (SDF1) and fibroblast growth factor-
4 (FGF4), and provide a niche for megakaryocyte
maturation and platelet production. The immedia-
te juxtaposition of HSCs to ECs also facilitates the-
ir rapid mobilization and entry into circulation in
response to stress and, in the presence of megakar-
yocytes, release of platelets directly into the blood.
HSCs and haematopoietic progenitor cells as well as
megakaryocytes produce vascular endothelial
growth factor (VEGF) and other angiogenic factors,
which might act in a feedback loop to support ECs
in the BM and in the periphery at sites of normal
and pathologic angiogenesis.!? VEGF-A plays a re-
gulator role for the ECs. However which cell gro-
up would be chosen for vascular web formation in
angiogenic process is not defined. In recent studi-
es it is observed that Delta-like 4 (D114)-Notch 1
signal pathway plays a role in the formation of vas-
cular web. Hellstrom et al. showed that inhibition
of Notch signalling using c-secretase inhibitors, ge-
netic inactivation of one allele of the endothelial
Notch ligand DIl4 or endothelial-specific genetic
deletion of Notch1, all promote increased numbers
of tip cells. Conversely, activation of Notch by a so-
luble Jagl peptide leads to fewer tip cells and ves-
sel branches. D114 and reporters of Notch signalling
are distributed in a mosaic pattern among ECs of
actively sprouting retinal vessels. At this location,
Notchl-deleted ECs preferentially assume tip cell

characteristics.'?13

‘When detached from their niches or cultured
in vitro, media stem cells die rapidly or differenti-
ate to a cell type. This situation displays the impor-
tance of self homeostasis of the stem cells. If we
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understand the niche structure and cell-to-cell,
cell-to-matrix relations properly, there will be a
chance to create a virtual “wonderland” for the
stem cells and the cells that differentiate from
them. Thus, the number of the unknowns of rege-
nerative medicine whose importance increases gra-
dually decreases, resulting in an increased
probability to treat more effectively. The complex
structure and increase in the niche number and
function brings up the question whether this kind
of relations also arise during the unhealthy condi-
tions. The increase in the knowledge about this is-
sue lets not only the treatment purposed
applications but also lets to explain the pathogene-
sis of the diseases as well. The regulations in the
niche for a succesfull the treatment is another im-
portant issue to be worked on.

I ARTERIAL, VENOUS AND
LYMPHATIC ENDOTHELIAL CELLS IN
ANGIOGENIC PROCESS

The explanation of the angiogenic process in the
organism through the datas gained from embriolo-
gical studies gives important datas in regenerative
medicine applications. Blood vessels contain two
types of cells: 1) ECs 2) mural cells (vascular smo-
oth muscle cells and pericytes).'* These cells which
form the vessels show important differences at mo-
lecular level in different vessel sites. ECs and signal
pathways which affect these cells provide these dif-
ferences. For example transmembrane ligand, Ep-
hrin (Eph) B2, and its receptor trosyne kinase
EphB4 are shown as arterial and venous EC mark-
ers, respectively.’® EphB2 which is assumed as an
arterial marker is induced by vascular endothelial
growth factor A, triggers Notch signal through
VEGF receptor-2 (VEGFR2) or neurophillin-
1(NRP1) and is formed with FoxCl and FoxC2
transcription factors.!® In the formation of venous
system Notch signal is blocked via the COUP-TFII
nuclear orphan receptor and a venous marker,
EphB4 forms." Serious vascular morphologic de-
fects occurs by the blockage in the formation of
EphB2 or EphB4."> Angiogenic formation in embri-
onic or postnatal period is managed via the balan-
ce between proangiogenic signals as VEGF and
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inhibitors. Chosen ECs are induced by positive sig-
nals. By the fusion of EC,EC channels are formed
and angiogenic signal regresses by the feedback
mechanism when the ischemia reduces."

It was shown in adults that circulating EPCs
incorporate the active angiogenesis sites of the BM
derived or peripheral blood isolated angioblasts and
are the key factors for the re-endothelization.'
EPCs are determined by the expression of the en-
dothelial marker proteins such as vascular endot-
helial cadherine, von Willebrand factor, KDR and
endothelial nitric oxide synthetase.'® Ex-vivo cell
therapy which is formed by cultivated EPCs trans-
plantation is used for increasing the neovasculari-
zation of ischemic tissues succcessfully. The
concept accepted recently is that EPCs can derive
from BM and CD133/VEGFR2 cells have the en-
dothelial premising capacity. However, it was
shown that other BM derived cell populations (e.g.
myeloid cells, “side population” cells and mesench-
ymal cells) and non-BM derived cells which can
differ to EPCs also have the same capacity.!” EPCs
during both embrionic and postnatal physiologic
terms contribute to the tissue vascularization. In
this context, in the adults new vessel formation is
not limited to the angiogenesis, includes “vasculo-
genesis and arteriogenesis”.’® In addition to these
spesifications, EPCs can be responsible from endot-
helization and constitution of non-thrombogenic
surfaces in prostethic vascular grafts.”” However,
regenerative or pathologic neovascularization can
also occur by the vasculogenic incorporation of cir-
culating EPCs.

I CELL SOURCES IN ANGIOGENESIS
STUDIES; ONLY ONE CELL SUBGROUP?
CELL COMBINATIONS?

POTENTIAL USE OF CYTOKINES

Endotelial cell levels in autogen peripheral circu-
lation is to be researched for the assesment of the
efficacy of the cell-based therapies in peripheral ar-
terial diseases . In several studies the correlation of

the circulating EC levels and peripheral arterial dis
ease (PAD) pathogenesis is researched. In compa-
rative studies circulating EPC spesific m-RNA
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expressions were observed to be low in the presen-
ce of the ischemic PAD.?° Enhancing the number of
the EPCs in circulation became an important target
for the clinical studies. In a randomized study inc-
luding three different PAD groups it was shown
that the number of progenitor cells in circulation
could be increased after the 4 weeks-exercise edu-
cational programme.?' In another study of diabetic
patients, it was detected that there was a direct re-
lationship between EPC rates in circulation and
ankle-brachial index and also there was a signifi-
cant reduction of progenitor cells in diabetic pati-
ents with PAD.?? Shi et al.”® showed that EPCs in
circulation plays a role in vascular repair in dogs. In
this study, progenitor cells which are mobilized vi-
a granulocyte colony stimulating factor in prosthe-
tic vascular bypass graft has shown a significant
increase in endothelization when compared with
the control group. After understanding the impor-
tant role of EPCs in vascular repair process, expe-
rimental studies focused to enhance the efficacy of
these progenitor cells. In these studies the statins**
and the estrogen® were found to have a role in en-
hancement of both EC count and capacity of repa-
ir. In addition, it was shown that eritropoietin
applications cause an increase in functional EPC
count however the mechanism is not clearly un-
derstood yet.”

In almost all of the experimental models fol-
lowing the studies mentioned above, the efficacy
of direct cellular implantation are assessed in pe-
ripheral limb ischemia models.

IWHICH CELL?

Consistent with the developments in cell based
therapies, controlled studies made with different
BM subgroups are also subsequently reported. “Me-
senchymal cells” which are frequently mentioned
in myocardial regenaration studies, may lead to an-
other topic for the question “which cell”. An im-
portant issue that is disscussed recently is
evaluation of the effectiveness of the treatment
whether the treatment is achieved by mesench-
ymal cells or mononuclear cells in peripheral limb
ischemia. Iwase et al.?”’ compared the efficacy bet-
ween mononuclear cells and mesenchymal cells in
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an experimental leg ischemia created after femoral
artery ligation in rats. In this experimental study, it
was found that mononuclear and mesenchymal
cells stimulated the angiogenesis. Neovascularisa-
tion via mesenchymal cell implantation was more
significant than neovascularisation via mononuc-
lear cell implantation. Mesenchymal cells differen-
tiated to the ECs more significantly than
mononuclear cells, in addition, only the mesench-
ymal cells differantiated to vascular smooth musc-
le cells and mesenchymal cells were more tolerable
to the ischemic stimuli than mononuclear cells.

I PROTEINS RELATED WITH ANGIOGENESIS

In the studies concerning therapy based angioge-
nesis, another important issue is determination of
the proteins related with angiogenesis and trans-
port of the proteins to the ischemic target tissue.
Platelet derived growth factors (PDGF) are predo-
minantly researched proteins in angiogenesis stud-
ies. PDGFs are the first growth factors that are
shown to have a role in vessel maturation. Their
sources are the platelets in circulation.”® There are
four factors in PDGF family; PDGF-A, PDGF-B,
PDGF-C, and PDGF-D. These factos should be in
their dimer position (such as AA, BB, CC, DD) for
being physiologically active.” Subtype PDGF-BB
provides the maturation of the newly forming ves-
sels by interacting the circulating progenitor cells
of the vascular pericytes and smooth muscle and
and is shown to be responsible for the tumoral lym-
phangiogenesis.®® Nevertheless, it was detected that
new vessel formation was improved via applying
PDGF-BB alone as well as applying together with
other angiogenic proteins such as fibroblast growth
factor-2 (FGF-2).%! In addition, PDGF-CC infusion
alone also improves the new vessel formation in
the ischemia models.*

ITISSUE ENGINEERING APPLICATIONS

Researchs using tissue engineering methods in pe-
ripheral ischemic limb models are other issues dis-
cussed in the literature recently. It was found in
past studies that collagen matrix supports the angi-
ogenic process.There are experimental studies that
showed improvement in new vessel formation by
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combining the progenitor cells and collagen matrix

together and transporting them to the ischemic tis-
33

sue.

I TISSUE ENGINEERED
VASCULAR GRAFTS IN CLINICAL USE

Consistent with the developments in polymer che-
mistry, vascular grafting applications has been ex-
tensively researced by means of tissue engineering.
Vascular grafts formed after cellular coating by the
biodegradable polymers such as polyglycolic acid
and polyhydroxyalkanoate were implanted to the
lamb carotid artery and aorta. These tissue engine-
ered grafts were still patent 5 months after the im-
plantation.®* During these studies it was observed
that all the biodegradable polymers can not be ab-
sorbed. Thus, use of hyaluronic acide esters in bio-
degradable polymers was argued. It is reported that
aproximately total absorbtion occured via the en-
dogen hyaluronidase activity and these polymers
stimulates the angiogenesis successfully.®* Today,
tissue engineered grafts are used as extracardiac
conduits in congenital cardiac surgery after a short
period of cultivation with autologous BM mono-
nuclear cells.* These grafts are applied to the right
heart portions where the pressure is low. The arte-
rial tissue engineered grafts which work under high
blood pressure are still thesubjects of experimental
studies and there is still no clinical applications yet.

I CLINICAL STEM CELL APPLICATIONS
IN CRITICAL LIMB ISCHEMIA

After promising results of the cell based therapies
in experimental peripheral ischemia models, the cli-
nical applications are in use today. Adult stem cells
derived from the BM continue to be under intense
investigation by the researchers while the propor-
tional contributions of angiogenesis and
vasculogenesis to postnatal neovascularization re-
main to be clarified.*” In a clinical setting, Tateishi-
Yuyama et al (TACT study)® have recently
established that implantation of autologous bone
marrow-mononuclear cells (ABMMNC), including
EPCs, into ischemic limbs increases collateral vessel

formation. Considering the complexity of the angi-
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ogenic process, cellular therapeutic strategies may
overcome most of the shortcomings related to sin-
gle growth factor applications. Tateishi-Yuyama et
al recently demonstrated improvement in transcu-
taneous oxygen pressure, rest pain, and pain-free
walking time after ABMMNC intramuscular injec-
tion in 25 patients with critical limb ischemia (CLI).

Recently, the widest series of patients with
isolated thromboangiitis obliterans is reported by
our study group.* In our study, ABMMNC imp-
lantation was applied to 28 patients with Ruther-
ford Grade II-III ischemia. The result of the study
suggests that ABMMNC implantation into ische-
mic limbs of patients with TAO is associated with
improved exercise performance, quality of life,
ankle brachial pressure index, pain control and
augmentation of collateral formation in 24 weeks
in 78% of patients. Ischemic ulcers healed comple-
tely in 15 patients (83%) and improved markedly in
three (17%). The long term follow-ups of the pati-
ents are still continuing.

The pilot studies concerning cell based thera-
pies in PAD have positive results. Corresponding
to the developments in cell based therapies, there is
a need for studies made by more selective cell sub-
types. There are no certain evidences for compari-
son of the efficiencies of cell subtypes. Further
prospective randomised studies are needed to com-
pare ABMMNC, EPC and mesenchymal cells.

I LEVELS OF EVIDENCE IN
CLINICAL STEM CELL APPLICATIONS:
IN-VIVO CELL TRACKING

The description of the stem cells is an important
milestone in the development of the cell-based the-
rapy options. In determining the BM derived stem
cells, the phenotype and morphological specificati-
ons are identifying. Mesenchymal cells which we-
re identified as star-like shape fibroblasts in direct
microscobic examination gets more attention in re-
generative medicine.These cells have a potential
for transforming to all three germ layer cells altho-
ugh they are originated from mesoderm.'® Howe-
ver, because of the similarities in cell morphologies,
it is inevitable to have some infirmity in identif-
ying the stem cells. Although there are still some
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undefined points, stem cells are classified according
to their surface antigens. For example, surface mar-
kers such as CD105, CD166, CD44 and CD90 are
uniformly expressed by mesenchymal cells.*” The
identification of the cell surface antigens may help
to some developments in cell isolation. The pri-
mary antibody which is specific to the isolated cell
surface antigen and the secondary antibodies
which are binded to the primary antibody spesific
magnetic bead can be evaluated for the magnetic
seperation process (magnetic activated cell sorting).
Thus, positive and negative cell selection can be ac-
hieved. With this method more spesific cell isola-
tation such as younger progenitor cells which have
supreme differentiation capacity to the other tissu-
es (osteogenic, adipogenic etc.) is provided.*!

Molecular methods are frequently used in stu-
dies for identifying the differantiation capacity of
the progenitor cells. Progenitor cells which are ex-
posed to the green fleuroscene protein (GFP) trans-
duction are applied to both in-vivo and in-vitro
differantiation process. In this context, cardiac and
vascular marker expression of the GFP or nuclear
Dil paint activity showing cells are shown via the
immunohistochemistry methods."* These findings
are the high evidence level findings which show the
ex-vivo differantiation ability of the progenitor cells.

I VISUALISATION OF NEOVASCULARISATION

Corresponding to the increase in both experimen-
tal and clinical stem cell applications in peripheral
artery diseases, there is a need for visualization of
the achieved neovascularization via the improved
techniques. Zhuang et al.®® found that collateral
vessel formations enhanced by cell based therapies
are frequently in a diameter of 10-45 Om. It was re-
ported that vessel formations over 2000m of dia-
meter can be visualized by the conventional
angiographic display methods. In the same study it
was determined that collateral vessel formations
under 200 pm of diameter were visualized via the
3D multidetector computed tomography angiog-
raphy. In future,it will be possible to display the ef-
ficacy of the therapy via the cell based and virus
mediated angiogenic protein applications for neo-
vascularization.

Damar Cer Derg 2012;21(2)
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SUPERMAGNETIC IRON OXIDE (SP10)
MARKED STEM CELLS

The supermagnetic iron oxide (SPIO) nanopartic-
le-marked stem cells may be detected in vivo. Kra-
itchman et al.* implanted SPIO marked-cells to the
experimental myocard infarction sites. SPIO -mar-
ked mesenchymal cells were detected by magnetic
resonans imaging (MRI) at implantation sites after
14th day of implantation. SPIO marked cells can be
detected in the implantation sites via MRI however,
this method doesn’t give any information about cell
viability. There is a risk for false positive detection
of macrophage-phagocyted, inviable stem cells.
There is not enough information about the toxic ef-
fects of the SPIO nanoparticles to the tissues. In ad-
dition, there is no study made about the potential
nagative effects of SPIO in vasculogenic differanti-
ation of the stem cells. There should be a number of
at least 10® colonizations of the marked cells for be-
ing detected via MRI. Below this cell count density
any MRI visualization can not be achieved. Becau-
se of these reasons, although this method has gained
great attention at the beginning, later it has lost its
importance. Prerequisities for clinical applicability
of contrast agents for cell labeling are biocompati-
bility, safety, and nontoxicity for tissues.

Detailed studies are needed for displaying the
clinical efficacy of the cell based therapies in isc-
hemia models. One part of these studies are about
the nuclear visiualization methods.

USE OF RADIONUCLIDES

Direct labeling of cells with radionuclides provides
the advantage of a lower background signal as com-
pared with MRI. However, higher sensitivity is ac-
hieved at the cost of lower spatial resolution.
Various clinically applicable radionuclides have be-
en used, based on previously established protocols
for leukocyte or thrombocyte scintigraphy. Direct
labeling with radionuclides appears highly infor-
mative for clinical studies addressing homing and
biodistribution after cell injection. Hua et al.*> have
detected that the angiogenesis sites were visualized
as “hot spot” in perfusion scintigraphy via peptide
binded TC99m targeting the avf33 integrin sites of
the endothelial cells in experimental peripheral
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limb ischemia. The “hot spots” which were the mar-
kers of angiogenesis in perfusion scintigraphy were
confirmed by immunohistochemical methods. In
other words, it was shown that the sites which we-
re the “ hot spots” of scintigraphy were consistent
with the neovascularization sites immunohistoche-
mically. We think that there will be clinical reflec-
tions of the peptide marked perfusion scintigraphy
spesific to the endothelial cells for visualizing the
theraupetic cell based therapies ahead.

There are studies performed about detection of
the radioisotope marked stem cells after communi-
cating to the target site via the single photon emis-
sion computed tomography (SPECT) and positron
emission tomography (PET) in the tissues. Radioac-
tive isotopes such as [In-111]Joxyquinoline (oxine)
and [T-99m] hexamethylprophylene amine oxime
have been clinically used in the nuclear medicine
for labeling autologous white blood cells, which are
subsequently infused back to the patients for loca-
lization of inflammatory sites. In general, radioiso-
topes with a relatively long decay half-life are used
to track cells during a period of several hours or
even days, for instance In-111 (T1/2= 2.8 days) for
SPECT and (T1/2= 12.7 h) for PET.* Radioactive
marked cells can be detected via this method in vi-
vo. However, it is not a properly as there is poten-
tial toxic effects of the radioisotope agents on stem
cells whatsmore, there can’t be any visualization af-
ter 7 days because of the radioactivity loss and invi-
able cells can give radioactivity. And also as the
signals taken from marked cells can not give any in-
formation about differentiation process, the method
was shown in limited number of studies.

I MOLECULAR BIOLOGIC METHODS:
“REPORTER GENE APPROACHES FOR
CELL TRACKING”

Researches for determining the tissue-targeted stem
cells as viabl status are still continuing. For direct
visualization of the efficacy of the therapy, mole-
cular biologic methods are used. “Tracer Trapping
Methods” are recently used to visualize the viabl
cells in cell applicated target sites. This method ma-
inly consists of gene transduction that produce pro-
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teins which can be detected by SPECT or PET via
viral reporters. For this purpose, timidin kinase (tk)
reporter gene* and triple fusion (TF) gene*® trans-
ductions are used frequently. As a reporter gene, tk,
entegrates to the stem cell genomic DNA after in-
troducing to the cellular nuclei. After the trans-
cription and translation steps, primidine analouges
and acycloguanosine derivatives, which can be de-
tected by SPECT and PET, deposite in the cell.
When the TF transduction is used as the method,
the products such as monomeric red fleurosans pro-
tein (mrfp), firefly luciferase(fluc), truncated timi-
dine kinase (ttk) which can be detected via
visiualizing methods are gained. Viabl stem cell fol-
low-up could not be achieved by in vivo cell follow
methods untill these defined methods were used re-
cently. A major disadvantage of reporter gene ap-
proaches for cell tracking is the requirement for
molecular manipulations of the cells under study.
Other potential concerns regarding long-term effi-
cacy of the method include reporter gene silencing,
in which reporter gene expression decreases over
time with progressive cell differentiation. Another
important issue is that teratoma formations were
observed in experimental studies, especially herpes
simplex virus was used as a gene transporter.*

I HOW SHOULD AN IDEAL NON-INVASIVE
IN VIVO IMAGING TECHNIQUE BE?

Ideal, noninvasive in vivo imaging technologies
should have capabilities of (1) bioavailibility, sa-
fety, and non-toxicity; (2) no genetic modification
or perturbation to the stem cell (3) real-time visu-
alization of injected cells either in the target area or
throughout the body; (4) single-cell detection at
any anatomic location; (5) minimal or no transfer
of contrast agent to non-stem cells; (6) noninvasi-
ve imaging in the living subject over months to ye-
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ars; (7) no requirement for injectable contrast
agent; (8) stem cell quantification; (9) long-term,
serial traceability; (10) single cell sensitivity in any
location; and (11) reduced falsepositive imaging.*

CONTRAST AGENTS

A number of contrast agents and detectors for non-
invasive, repeatable visualization of therapeutic cells
in vivo have been pursued. Regardless of the level of
sensitivity finally achieved, quantification of cell
number may be especially difficult when we consi-
der the effects of contrast agent dilution during cell
division, the propensity of some contrast agents to
transfer to non-stem cells, and certain technical li-
mitations. Such imaging approaches may not only
refine the understanding of therapeutic mechanisms
in preclinical studies but may also have direct clini-
cal applications. Most of the available cellular mole-
cular imaging techniques are also applicable in
humans, and therefore may facilitate rapid transla-
tion of cell-based therapies into clinical practice.
The ideal imaging technology should permit track-
ing of injected stem cells for months to years as cli-
nical trials will require long-term follow-up of tissue
function or host survival. Finally, injectable contrast
agents, such as enzyme substrates, add complexity
and cost to stem cell-tracking procedures.

Cell based therapies are improving progressi-
vely in cardivascular diseases. In spite of the im-
portant results in laboratory studies, better results
in in vivo methods which will directly show the
clinical efficacy of the cell based therapies are yet
to be reached. Displaying of the in vivo, viabl, and
long term homing/differantiation processes of the
cells is one of the important points in objective dis-
play of the therapy efficacy. Combined usage of the
molecular and visiualizing methods together will
probably help the solution of this problem.
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