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Abstract: In vitro, in vivo animal, and human clinical data show a broad field of application for
mesenchymal stem cells (MSCs). There is overwhelming evidence of the usefulness of MSCs in
regenerative medicine, tissue engineering, and immune therapy. At present, there are a signifi-
cant number of clinical trials exploring the use of MSCs for the treatment of various diseases,
including myocardial infarction and stroke, in which oxygen suppression causes widespread
cell death, and others with clear involvement of the immune system, such as graft-versus-host
disease, Crohn’s disease, and diabetes. With no less impact, MSCs have been used as cell therapy
to treat defects in bone and cartilage and to help in wound healing, or in combination with
biomaterials in tissue engineering development. Among the MSCs, allogeneic MSCs have been
associated with a regenerative capacity due to their unique immune modulatory properties. Their
immunosuppressive capability without evidence of immunosuppressive toxicity at a global level
define their application in the treatment of diseases with a pathogenesis involving uncontrolled
activity of the immune system. Until now, the limitation in the number of totally characterized
autologous MSCs available represents a major obstacle to their use for adult stem cell therapy.
The use of premanufactured allogeneic MSCs from controlled donors under optimal conditions
and their application in highly standardized clinical trials would lead to a better understanding
of their real applications and reduce the time to clinical translation.

Keywords: regeneration, immunomodulation, tissue engineering, allogeneic, mesenchymal
stem cells

Introduction

Mesenchymal stem cells (MSCs) are multipotent adult cells that were first isolated
and characterized from bone marrow. They were further identified by their ability
to attach to the plastic of tissue culture dishes.! In the bone marrow, the multipotent
stromal mesenchymal cells that have been isolated are part of the marrow microen-
vironment, together with endothelial and reticular cells, adipocytes, osteoblasts,
and macrophages.>* In this context, MSCs are involved in many key events related
to hematopoiesis, immune cell generation and activation, immunomodulation, and
immune tolerance.* These processes are mediated by physical and chemical signals to
which MSCs are responsive through phenotypic changes and growth factor produc-
tion and secretion.’ Furthermore, they are distributed in an undifferentiated state in
their primary location throughout the bone marrow.® Most of the basic scientific and
preclinical studies have been done using MSCs isolated from bone marrow. However,
many different sources can be used, and fat could be especially relevant. Stem cells
have been isolated from bone marrow aspirates, fat, striated, smooth, and cardiac
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muscle, the spleen, placenta, and umbilical cord blood, and
may perhaps be isolated from other sources in which they
are resident components or part of the reticular tissue associ-
ated with the vasculature.”"” Human MSCs do not express
the hematopoietic markers CD11a/lymphocyte function-
associated antigen 1, CD14, CD31, CD34, or CD45, or the
costimulatory molecules CD80, CD86, and CD40. However,
they do express CD44, CD49, CD54/CD102, CD71, CD73,
CD90, CD105, CD166, and CD271, among other cytokines
and receptors that define their behavior under different
conditions'®2° (Table 1). Given optimal stimuli, MSCs can
differentiate into phenotypes of many different types of mes-
enchymal cells including, but not limited to, the connective
tissue of different organs, stroma, fat, muscle, bone, cartilage,
and tendon, along with endothelial and neural lineages.'® It
has been observed that the beneficial effects of MSCs are not
restricted to a unique tissue source. Human MSCs derived
from adipose tissue have been shown to have an effect
similar to those of the bone marrow in a murine model of
graft-versus-host-disease (GVHD).?! MSCs can be isolated,
expanded in culture, and characterized in vitro.** Due to
these characteristics, MSCs have been used quickly in clini-
cal trials and treatments. Autologous human MSCs were first
infused in cancer patients, after a long culture period, without
evidence of adverse effects.”

The goal of cell-based therapies is to use a strategy that
includes a combination of activities that are aimed overall
to replace, repair, or enhance the function of a cell type,
tissue, organ, or system, using intact, amplified, or modified
autologous or allogeneic cells. From the philosophical point

Table | Surface markers for isolation and characterization of
bone marrow mesenchymal stem cells

of view, adult MSCs have a clear advantage over embryonic
or fetal stem cells, in terms of basic biological aspects related
to immunotolerance, differentiation, and transformation.
MSCs are immunologically competent cells.** They are
fully capable of undertaking an immunological response,
and modulate some of the most important mechanisms in
this complex response, and so have been used widely in a
variety of alternatives for cell therapy.

Allogeneic or syngeneic MSCs

Clinical use of allogeneic MSCs for preventing or treating
acute GVHD dates back to the 1970s. While more limited
application of allogeneic MSCs has been undertaken in tis-
sue engineering and reparative medicine. In this therapeutic
alternative, in which syngeneic cells are routinely used, the
use of allogeneic MSCs is mostly restricted to regeneration
of bone and restoration of the myocardium. Bone marrow
MSCs are mobilized in response to tissue injury, such as
hypoxia, ischemia, or necrosis, along with a variety of
mediators associated with tissue damage.?*?® These cells
migrate and settle in the damaged tissues and interact with
resident cells and the stroma, secreting very important bio-
active molecules that modify the redox potential, modulate
apoptosis, induce cell proliferation, and recruit other cells,
both stem and nonstem, which continue the reparative
process and regulate the local immune response.’*3? This
complex chain of events results mostly in incomplete tissue
regeneration, but is the basis of resolution of tissue damage.
In any case, there are two major mechanisms that support the
rationale for use of MSCs, ie, replacement of damaged cells
and local delivery of bioactive molecules.** Replacement of
cells is the goal of cell therapy for regenerative medicine,
and the release of biological signals, as mediators and
receptors, is the basis of many cellular processes, including
immunomodulation induced by stem cells (Figure 1). These
two mechanisms are clearly attributed to the effects reported
after infusion of allogeneic MSCs. Meanwhile, additional
immune effects are not clearly described in clinical trials
for regenerative purposes using syngeneic cells. It is very
likely and expected that both mechanisms are involved in
the ideal reparative process.

Controversial data concerning the effects of MSCs on
regulation of tumor growth have been reported for animal
and in vitro models.>*>” However, no tumors have been found
in human recipients of MSCs thus far, and remarkably, even
aneuploidy MSCs have not given rise to tumors.*® It remains
controversial as to whether MSCs stimulate growth of other
tumors, but there is no clinical validation of this as yet.””* The
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Figure | Key mechanisms involved in beneficial effects of cell therapy using allogeneic mesenchymal stem cells.

immunosuppression described in association with allogeneic
MSC should be carefully evaluated in cancer patients.

Autologous MSCs have a clear advantage in that they
constitute a closed therapeutic system. Their clinical use has
been promoted based on avoidance of undesirable immune
reactions and lack of contamination by unknown pathogens.
In fact, the enormous amount of data generated for MSCs
in regenerative medicine is based mainly on the use of
autologous cells.

However, autologous MSCs have some obvious limita-
tions. Their procurement requires surgical, albeit minimal,
intervention via bone marrow aspiration in sometimes highly
compromised patients. Many patients who could benefit
from MSC infusion are elderly, in poor nutritional condi-
tion, and/or suffering from disorders associated with critical
oxidative stress. With advancing age, significant changes
in the function and composition of mature blood cells are
observed. It has been reported that age-related changes also

occur in the human hematopoietic stem cell system.?® Simi-
lar results have been found in the MSC population obtained
from bone marrow in animals.’** These issues might also
affect the conclusions and validity of many clinical trials,
the results of which are difficult to compare because of the
characteristics of the patients included. Another limitation to
the use of autologous cells is pre-existence of a proliferative
or degenerative disease of the bone marrow, which will not
only limit the amount of available cells, but may contribute
to the original disease. Cultured MSCs derived from mul-
tiple myeloma patients have a distinctive array comparative
genomic hybridization profile from that observed in their
normal counterparts.*! This may explain why MSCs from
myeloma patients show an altered functional pattern with
potential involvement in worsening of disease.**** A similar
phenomenon can be seen in autoimmune diseases.* Further,
the limited number of available autologous MSCs represents
a major obstacle to their application. For a long time, it was
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assumed that MSCs were a stromal cell population with a
high capacity for in vitro expansion. In reality, this assump-
tion included three critical issues that needed to be addressed,
ie, use of a heterogeneous cell population, the culture period,
the cell duplications required to achieve the desired number
of cells, and the use of xenogeneic supplements and/or potent
cytokines. Culture conditions could have important effects on
the phenotype of MSCs, affecting their efficiency, potency,
and safety via immunogenicity, sensitizing to animal anti-
gens, allergic reactions, or chromosomal stability.**” These
effects can be avoided using defined media or autologous
serum. Both procedures can prevent the formation of xeno-
antibodies and some of the undesirable reactions associated
with administration of these cells.***° Unfortunately, defined
media requires addition of cytokines, the long-term effects
of which, on MSCs in culture is not well understood, and
autologous serum collection has obvious limitations.

In contrast with the aforementioned difficulties associ-
ated with autologous MSCs, allogeneic MSCs have evident
advantages, ie, immediate availability, no limitation of
amount, the ability to do a donor selection based on different
parameters (including age), the small time frame needed to
perform complex quality control, and product stability. In
addition, but with special importance, allogeneic MSCs are
natural immune-privileged cells, as demonstrated by their
persistence in maternal blood.”® However, it is necessary
to have a careful balance between the advantages of using
an “off-the-shelf” product and the characteristics of each
particular case, the preferences of the patient, the necessity
for a Good Manufacturing Practice facility, and extensive
preclinical evaluation prior to their application.

Allogeneic MSCs in human therapy

As previously mentioned, allogeneic MSCs are immune-
privileged cells. Perhaps for this reason, allogeneic MSCs
have been more widely used in the area of immunotherapy
than in regenerative medicine. Encouraged by the early
application and promising results using autologous bone mar-
row cells in clinical trials, the most studied model of tissue
regeneration using allogeneic MSCs has been myocardial
infarction.’! Allogeneic MSCs have also been used in this
model for regenerative purposes. Intramyocardial injection
of allogeneic swine MSCs three days after myocardial infarc-
tion stimulated cardiac regeneration, decreasing infarct size.
The animals showed remarkable improvement in ejection
fraction and near normalization, without any associated
immune events.’? No arrhythmogenic events were observed,
even when multiple doses were used.” Allogeneic MSCs

are able to migrate and persist in the infarcted area, and act
in a dose-dependent manner when they are administered
intravenously.> In an acute myocardial infarct model using
a combined single-photon emission/computed tomography
scanner for imaging of the labeled cells, both focal and diffuse
uptake of allogeneic MSCs in the infarcted myocardium was
visible in the first 24 hours after intravenous injection and
persisted until seven days after injection.>® In another swine
model, allogeneic MSCs showed the capacity to survive and
engraft when injected into the affected myocardium 12 weeks
following induced infarction. In female swine that received
catheter-based transendocardial injection of male allogeneic
MSCs, Y chromosome-positive cells expressed GATA-4,
Nkx2.5, and alpha-sarcomeric actin. Some of the cells show-
ing a vascular smooth muscle and endothelial phenotype
appeared to contribute to local angiogenesis.’® Induction
of angiogenesis in the long-term post infarction area has
been confirmed in fully immunocompetent pigs, but limited
to viable myocardium adjacent to the infarct.% Clearly,
homing of allogeneic MSCs is associated with cooperative
morphological and functional change in the restoration of
damaged tissue.

The safety of intravenous injection of allogeneic MSCs
has been reported in a randomized, double-blind, placebo-
controlled, dose-escalation study using Prochymal® (Osiris
Therapeutics Inc, Columbia, MD) after acute myocardial
infarction. Prochymal is a premanufactured, universal donor
formulation of human MSCs from different donors screened
and tested according to US Food and Drug Administration
requirements and processed under Good Manufacturing
Practice guidelines in a scaled adaptation of the method
described by Pittenger et al.® The ex vivo cultured MSC
manufacturing process requires a total of five cell passages
according to Food and Drug Administration Good Manufac-
turing Practice.” Global symptom score and ejection fraction
was significantly improved in treated patients. After six
months, a cardiac magnetic resonance imaging substudy
showed that MSC treatment, but not placebo, increased left
ventricular ejection fraction and led to reverse remodeling.
There was also improvement in pulmonary function tests and
a reduction in ventricular arrhythmias.*

The beneficial effects of allogeneic MSCs in cardiac
repair should be evaluated further, considering the particular
immune capacities of these cells. Inflammation is a critical
factor in evolution of myocardial ischemia, and the immu-
nomodulation exerted by allogeneic MSCs could be a major
factor in the generation of a favorable microenvironment for
muscle protection and repair.®! In addition, allogeneic MSCs
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could cooperate with local cells and provide the antiapoptotic
activity necessary to limit the damage and sequelae of
ischemic events. This activity is exerted by MSCs in the bone
marrow, at the hematopoietic stem cell niche, where MSCs
control the proliferation and differentiation needed to avoid
the apoptotic events associated with quiescent cells.!®

The capacity of allogeneic bone morphogenetic protein-2
(BMP-2)-engineered allogeneic MSCs to facilitate bone
healing was studied in rats with a femoral segmental defect.
The results showed that BMP-2-engineered allogeneic MSCs
repaired bone defects to the same degree as in rats treated
with BMP-2-engineered autologous MSCs. It was also
demonstrated that allogeneic gene-transferred MSCs are
directly involved in bone repair, in addition to acting as gene
deliverers. The positive clinical benefits of allogeneic MSCs
were dependent on their immunosuppressive and regenera-
tive properties.® Nevertheless, another study using alloge-
neic MSCs loaded on hydroxyapatite-tricalcium phosphate
implants enhanced, the repair of a critical-sized segmental
defect in dog femurs without the use of immunosuppressive
therapy. In this case, no adverse immune response was
detected.® Furthermore, the absence of immunogenicity
of allogeneic MSCs in orthopedics is an advantage for the
clinical application of preconstructed tissue-engineered
bone.® This lack of induction of an immune response should
be considered a unique advantage in the use of genetically
modified MSCs as carriers of therapeutic agents. The use
of nonautologous genetically modified cells is beyond the
scope of this review.

Allogeneic MSCs

as immunomodulators

The first reported immunomodulatory activity of allogeneic
MSCs was inhibition of T cell proliferation in vitro and
in vivo.%¢7 As with their reparative activity in tissues, allogeneic
MSCs act through intercellular interaction and release a
myriad soluble bioactive factors. Allogeneic MSCs have an
inhibitory effect on the activity of antigen-presenting cells
which impacts on T cell function.®® The immunosuppressive
activity of allogeneic MSCs is exerted via inhibitory media-
tors, such as prostaglandin E2, transforming growth factor
beta-1, hepatocyte growth factor, and the human leukocyte
antigen G isoform.”"° Allogeneic MSCs induce upregulation
of the indoleamine 2,3 intracellular pathway, dioxygenase
expression, and inducible nitric oxide synthetase and heme
oxygenase-1 that contribute to immune suppression.”"”
MSCs inhibit CD4* and CDS8* T cells, the cytotoxic func-
tion of resting natural killer cells, and generation of innate

and adaptive immune regulatory cell populations. MSCs
upmodulate secretion of interleukin-10 by dendritic cells, that
acts on T cells and downregulates production of interferon-
gamma and interleukin-2. It has also been suggested that
MSCs suppress the B cell proliferative response with regard
to generation of antibodies.®

Clinical application of allogeneic
MSCs

In addition to the use of allogeneic MSCs in regenerative
medicine, there has been a large amount of data generated in
preclinical models of disease treated with allogeneic MSCs,
mostly taking advantage of their capacity to modulate the
local immune reaction. The first report of allogeneic MSCs
acting as useful immunosuppressive agents demonstrated
their capacity to prolong skin graft survival.® There is also
diverse literature supporting the efficiency of allogeneic MSC
infusion to enhance hematopoietic stem cell engraftment
and prevention of GVHD.™ Patient survival is poor when
GVHD is unresponsive to steroid therapy. The successful
use of allogeneic MSCs for the treatment of GVHD has been
reported in isolated cases and multicenter nonrandomized
trials.” 77 Prochymal in combination with steroids has been
used in patients with Grade II-IV GVHD. Study endpoints
included safety of Prochymal administration, induction of
response, and overall response of GVHD by day 28, as well
as long-term safety. Ninety-four percent of patients had an
initial response to Prochymal (77% complete response and
16% had a partial response). No infusional toxicity or ectopic
tissue formation was reported. There was no difference with
respect to safety or efficacy between low and high Prochymal
doses.” Further, a beneficial effect of Prochymal infusion was
observed in pediatric patients, and more than 50% of treated
patients responded after only one dose of cells.*® The response
rate varies in different studies, and without a clear explana-
tion for these different responses. As previously mentioned,
the methodology to expand the cells appears to be a critical
step in the generation of allogeneic MSCs as a therapeutic
tool. It is clear that allogeneic MSCs are potential candidates
for the treatment of other conditions in which immune dis-
orders, such as autoimmunity, are part of the pathogenesis.
For example, Prochymal cells are been used in clinical trials
for Crohn’s disease and osteoarthritis.”

MSCs have been shown to pass through the blood—brain
barrier and migrate throughout the forebrain and cerebellum
without disrupting the host brain architecture.®® Administra-
tion of allogeneic MSCs to mice with pre-established experi-
mental autoimmune encephalomyelitis led to a significant
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decrease in the disease score over time comparable with
that achieved with syngeneic MSCs. It was correlated
with a blunting of immune cell infiltration in the spinal
cord and reduced circulating levels of interferon-gamma
and interleukin-17.81 Human MSCs administered to mice
with proteolipid protein-induced experimental autoim-
mune encephalomyelitis resulted in a reduction in disease
severity, and this correlated well with an increase in axonal
density and cells expressing nerve growth factor in associa-
tion with immune modulatory events.?® MSCs appear to
act in the central nervous system according to two general
mechanisms, ie, replacement of cells and intense para-
crine activity. In a focal ischemia animal model of middle
cerebral artery occlusion in the rat, xenotransplantation of
human MSCs induced functional improvement, reduced
infarct volume, and conferred neuroprotection, possibly
by providing insulin-like growth factor-1 and inducing
vascular endothelial growth factor, epithelial growth fac-
tor, and basic fibroblast growth factor in the host brain.?
Other authors report upregulation of interleukin-10 and
downregulation of tumor necrosis factor-alpha, and an even
earlier decrease of infarct volume.® In a similar experiment,
significant increases in brain-derived neurotrophic factor
and nerve growth factor were detected, while the number
of apoptotic cells was significantly reduced in the ischemic
area. Exposure of neurons to brain-derived neurotrophic
factor increased activation of Akt pathways and protected
neurons from trophic factor withdrawal. Treated animals
showed proliferation of lymphocytes without induction of
cytotoxic T lymphocytes.***” Beneficial effects in the treat-
ment of neurological disorders are augmented by the high in
vitro culture passages of MSCs, again stressing the relevance
of culture technique and environment.®

Multiple sclerosis is a major neurological and autoim-
mune problem in medicine, in which anti-inflammatory treat-
ments have been used in the repair of damaged tissue without
major success. It has been assumed that the central nervous
system lesions are irreversible. Cell-based therapies have the
potential to provide an alternative approach, according to
data obtained from animal models of inflammatory nervous
disease. The results from an animal model of experimental
autoimmune encephalomyelitis give the rationale for use
of MSCs in multiple sclerosis. MSCs apparently have an
immunoregulatory or immunosuppressive action, but also
stimulate the repair of neural structures. Under experimental
conditions, MSCs induce immune tolerance, production of
neurotrophins, and inhibit production of myelin-specific
antibodies.?*%% This capacity of MSCs has interested

neurologists for more reasons than just the above-mentioned
transdifferentiation that can occur in them under certain
circumstances.’’> Both autologous and allogeneic MSCs
have been administered to a limited number of patients with
multiple sclerosis. Preliminary data suggest the absence of
major complications or toxicity with autologous expanded
MSCs in patients with multiple sclerosis and amyotrophic
lateral sclerosis.”®®*

Based on a similar rationale, MSCs have been tested in
different models of lung disease. Human allogeneic MSCs
have been shown to restore alveolar epithelial fluid transport
and the lung fluid balance from acute lung injury in an ex vivo
perfused human lung preparation injured by Escherichia
coli endotoxin. The treatment reduced extravascular lung
water, improved lung endothelial barrier permeability, and
restored alveolar fluid clearance. Of note, the authors refer
to similar results using culture media conditioned by MSCs,
and identify keratinocyte growth factor as essential for the
beneficial effects.”> Attenuation of obliterative bronchiolitis
associated with trachea transplantation was observed in mice
treated with MSCs. This effect was associated with a signifi-
cant increase in secretion of interleukin-10 and a decrease in
the expression of transforming growth factor-beta.”® It has
been reported that systemic injection of allogeneic MSCs
protected the airway from allergen-induced pathology by
reduction of IgE. This effect was associated with an increase
in interleukin-10 and a decrease in interleukin-4 in bronchial
fluid, and appears to be mediated by induction of regulatory
T cells and secretion of immunosuppressive molecules, such
as hepatocyte growth factor, which negatively regulates
allergic airway inflammation and hyper-responsiveness.”’
The above data show the potential therapeutic use of
allogeneic MSCs in many respiratory diseases, including
chronic asthma.”®

The regenerative and immunomodulatory properties
of allogeneic MSCs make them natural candidates for the
treatment of diabetes.”” Ongoing clinical trials are evaluating
the effects of bone marrow-derived (in most cases autologous)
MSC:s for engraftment and survival of transplanted islets as
well as possibly halting the complications of type 1 and type
2 diabetes.!®

Islets are destroyed in type 1 diabetes by an autoimmune
process against beta cells, whereas in diabetes type 2, the
islets have a functional alteration that results in inadequate
glycemic control. Current clinical therapy using insulin and
oral antidiabetic agents does not achieve complete meta-
bolic control or avoid the complications associated with the
disease. In this scenario, a genuinely substitutive therapy
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Table 2 Clinical evaluation of autologous and allogeneic MSCs*

Trial ID Sponsor Condition Intervention Phase Status
NCT002941 12 O:siris Therapeutics Crohn’s disease Prochymal™ adult human 1l Completed
mesenchymal stem cells
NCT00136903 O:siris Therapeutics Graft versus host disease Prochymal, 2 and 8 million cells 1l Completed
NCT00543374 Osiris Therapeutics Crohn’s disease Adult human mesenchymal 1l Completed
stem cells
NCTO00826046 Osiris Graft versus host disease Prochymal adult human NV NV
Therapeutics—Quintiles mesenchymal stem cells
NCT00482092 O:siris Therapeutics Crohn’s disease Adult human mesenchymal 11l Recruiting
stem cells and placebo
NCT00683722 O:siris Therapeutics Chronic obstructive Prochymal adult human Il Ongoing
pulmonary disease, emphysema mesenchymal stem cells
Chronic bronchitis and placebo
NCT00690066 Osiris Therapeutics Type | diabetes mellitus Prochymal adult human Il Ongoing
and Juvenile Diabetes mesenchymal stem cells
Research Foundation and placebo
NCT00366145 O:siris Therapeutics Graft versus host disease Adult human mesenchymal 11l Completed
stem cells and placebo
NCT00395200 University of Cambridge Multiple sclerosis Adult human mesenchymal land Il NV
stem cells
NCT01233960 O:siris Therapeutics Crohn’s disease Adult human mesenchymal 1] Recruiting
stem cells
NCT00759018 O:siris Therapeutics Graft versus host disease Prochymal adult human Expanded
in pediatric patients mesenchymal stem cells access
NCT00284986 O:siris Therapeutics Graft versus host disease Prochymal adult human Il Completed
mesenchymal stem cells
NCTO00877903 O:siris Therapeutics Myocardial infarction Prochymal adult human Il Ongoing
mesenchymal stem cells
and placebo
NCT00702741 Osiris Therapeutics Recovery following partial Cultured adult human land Il Ongoing
medial meniscectomy mesenchymal stem cells
NCTO01087996 NHLBI Chronic ischemic left Autologous and allogeneic adult land Il Recruiting
ventricular dysfunction human mesenchymal stem cells
NCT00587990 NHLBI Chronic ischemic left Low and high doses land Il Ongoing
ventricular dysfunction of autologous human
mesenchymal stem cells
NCTO001 14452 Osiris Therapeutics Myocardial infarction Ex vivo cultured adult human | NV
mesenchymal stem cells
(Provacel™)
NCT00768066 University of Miami Left ventricular dysfunction Autologous human land Il Recruiting
mesenchymal stem cells, bone
marrow cells, and placebo
NCTO01206179 Royan Institute Bone defects Autologous human | NV
mesenchymal stem cells
NCT00827398 UMC Utrecht Graft versus host disease Mesenchymal stem cells land Il Recruiting
expanded with human plasma
and platelet lysate
NCT00956891 Sun Yat-Sen University Liver failure Autologous bone marrow land Il Completed
mesenchymal stem cells
NCTO01318330 HomeoTherapy Co, Ltd Graft versus host disease Ex vivo cultured adult human | Recruiting
clonal mesenchymal stem cells
NCT00885729 Oslo University Hospital Cartilage defect of the knee Autologous mesenchymal | Recruiting
stem cells
NCT00767260 Fuzhou General Hospital Type 2 diabetes mellitus Autologous mesenchymal stem land Il NV
cell and bone marrow stem cells
NCT00749164 Hadassah Medical Graft versus host disease Allogeneic mesenchymal land Il Recruiting
Organization stem cells
(Continued)
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Table 2 (Continued)

Trial ID Sponsor Condition Intervention Phase Status
NCT00221130 Translational Research Adult periodontitis Ex vivo cultured mesenchymal land Il Completed
Informatics, Japan stem cells
NCT01076920 University Hospital, Chronic myocardial ischemia Autologous mesenchymal land I Recruiting
Toulouse and left ventricular dysfunction stem cells
NCTO00891501 Cairo University Degenerative arthritis Autologous mesenchymal Iland Il Recruiting
and chondral defects stem cells
NCT00790764 TCA Cellular Therapy Ischemic heart disease Bone marrow-derived Il Ongoing
mononuclear and
mesenchymal stem cells
NCT01223664 Sun Yat-Sen University Liver cirrhosis Allogeneic bone marrow Il Ongoing
stem cell transplantation
NCTO01221454 Sun Yat-Sen University Liver failure Allogeneic bone marrow Il Ongoing

stem cell transplantation

Note: *ClinicalTrials.gov.

which restores functional pancreatic tissue appears to be the
best alternative for patients with diabetes.
Bone marrow transplantation has been shown to

101 and

contribute to the prevention of islet destruction,
clinical trials have demonstrated the ability of allogeneic
islet transplants to impact positively on glycemic control in
patients with type 1 diabetes. However, the need for lifelong
immunosuppression currently limits the indication of islet
transplantation.!*!% Another potential application of MSCs
could be enhancement of allogeneic islet cell engraftment
and survival. This property has already been demonstrated
in a nonhuman primate model.!”> Additional infusions of
donor-specific or third party MSCs resulted in reversal of
rejection episodes in animals. In sublethally irradiated mice
with type 1 diabetes induced by streptozotocin, serum blood
glucose and insulin returned to normal levels in parallel with
efficient tissue regeneration after a single injection of bone
marrow cells and MSCs. The cell therapy was only effective
when both types of cells were combined. This was the result
of a reparative and not regenerative process, since no donor-
derived cells were found in the pancreas of treated animals.
Beta cell-specific T lymphocytes disappeared in the pancreas
as a result of MSC injection, demonstrating a dual effect of
cell repair and immunomodulation.'®

In addition to the abovementioned immunomodulatory
effect, there is evidence that MSCs are able to participate in the
islet regenerative process on the basis of their capacity to gen-
erate insulin-producing cells.!*!® These insulin-producing
cells express multiple genes related to the development or
function of pancreatic beta cells, including high expression of
pancreatic and duodenal homeobox 1, insulin, and glucagon,
and could release insulin in a glucose-dependent manner that
led to amelioration of diabetes in streptozotocin-treated nude

mice.'"1% It is interesting that in vivo hyperglycemia appears
to be an important factor in bone marrow-derived MSC dif-
ferentiation into insulin-producing cells capable of normal-
izing hyperglycemia in a diabetic animal model].'%!%

The well studied effects of MSCs on angiogenesis and
myogenesis also have importance in the treatment of the
cardiovascular complications of diabetes. MSCs induce myo-
genesis and angiogenesis by releasing angiogenic, mitogenic,
and antiapoptotic factors, including vascular endothelial
growth factor, insulin-like growth factor-1, adrenomedul-
lin, and hepatocyte growth factor.!” Transplanted MSCs
were shown to differentiate into cardiomyocytes and
improve myogenesis and angiogenesis, with improvement
in cardiac disorders.!” This effect has also been attributed
to the release of MSC-derived paracrine factors capable of
cardioprotection. Autologous MSCs have been successfully
used in the treatment of severe diabetic limb ischemia.!!
Bradycardia, decreased left ventricular pressure, decreased
contractility index, and increased arterial pressure occur
in diabetic animals because of cardiac sympathetic nerve
impairment.!'! It is accepted that insulin can improve
cardiac function by its inotropic effect of reducing blood
glucose levels to prevent further myocardial remodeling.!!?
Treatment of diabetic rats with allogeneic MSCs results in
a significant increase in heart rate, left ventricular pressure,
and contractility index, as well as a notable reduction of
systolic blood pressure. These results appear to be associated
with lowering of serum glucose and increased serum insulin
levels, with homing of implanted cells detected in the pan-
creas and heart.'"® In mice with streptozotocin-induced type 1
diabetes, injection of MSCs reduced albuminuria, and the
glomeruli were histologically normal. In the corresponding
control group, untreated diabetic mice showed glomerular
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hyalinosis and mesangial expansion, in association with
pancreatic islet degeneration.''* Data from studies using
NOD/SCID mice transplanted with human MSCs and
C57Bl/6 mice transplanted with murine MSCs indicate that
injected MSCs engraft in damaged kidneys, differentiate into
renal cells, and regulate the immune response, resulting in
efficient treatment of diabetic nephropathy because MSCs
are able to reconstitute the necrotic segments of diabetic
kidneys.!'*11® Due to their intense paracrine activity, with
release of angiogenic and neurotrophic factors, as well as
their already mentioned potential capacity to convert in
bone marrow mononuclear cells, MSCs have been studied
for their capacity to improve diabetic neuropathy and associ-
ated wound healing impairment.''”!"® A list of clinical trials
using autologous and allogeneic MSCs for a wide range of
conditions is showed in Table 2.

Conclusion
In vitro, in vivo animal, and human clinical data show a
wide range of potential applications for MSCs. There is
overwhelming evidence of their usefulness in regenerative
medicine, tissue engineering, and immune therapy. Although
adult MSC transformation can be observed in vitro and in
animals, no malignant transformation of implanted cells
has been reported in patients. Infusion of allogeneic MSCs
appears to be free of major hazardous events and does not
raise any ethical issues, such as those related to use of human
embryonic stem cells. MSCs migrate to sites of tissue injury
in response to local signals, with critical phenotypic changes
and intense paracrine activity that contributes to the reparative
process. Among the MSCs, allogeneic MSCs have unique
immunomodulatory properties. Their immunosuppressive
capabilities without evidence of immunosuppressive toxic-
ity at a global level define their application in the treatment
of diseases in which the pathogenesis involves uncontrolled
activity of the immune system. Infusion of allogeneic MSCs
or their coinfusion with autologous MSCs has shown promis-
ing results in GVHD, diabetes, lung injury, Crohn’s disease,
and multiple sclerosis. It is important to mention the data
related to the regenerative capacity of allogeneic MSCs in
cardiac and neural disease, as well as in diabetes-related loss
of functional mass in the kidney. In addition, the capacity
of allogeneic MSCs to facilitate engraftment of other cells
and their potential association with smart scaffolds used to
seed other stem cells with regenerative purposes should be
explored further.

The limited availability of autologous MSCs has been a
major obstacle to their application. This has been resolved

by extended culture methods. However, this generalized
procedure is not free of potential risks. The variability in
culture methods conspires to make the establishment of
standard treatment procedures and generation of definitive
data for clinical application more difficult. Minimal changes
in the culture procedure will produce heterogeneous cell
populations. The longer the culture period, the greater the risk
of cytogenetic changes being observed in vitro. The use of
supplements to reduce culture time may have undesirable and
unpredictable effects on the immunogenicity and biological
activity of the cells implanted. The use of premanufactured
allogeneic MSCs from controlled donors under optimal con-
ditions and their application in highly standardized clinical
trials would lead to a better understanding of their clinical
applications and reduce the time to clinical translation.

Disclosure
The authors report no conflicts of interest in this work.

References

1. Friedenstein AJ, Chailakhyan RK, Latsinik NV, Panasyuk AF,
Keiliss-Borok IV. Stromal cells responsible for transferring the
microenvironment of the hemopoietic tissues. Cloning in vitro and
retransplantation in vivo. Transplantation. 1974;17(4):331-340.

2. Davis-Sproul JM, Harris MP, Davidson NE, Kobrin BJ, Jaffee EM,
Emens LA. Cost-effective manufacture of an allogeneic GM-CSF-
secreting breast tumor vaccine in an academic cGMP facility.
Cytotherapy. 2005;7(1):46-56.

3. Bordignon C, Carlo-Stella C, Colombo MP, et al. Cell therapy: achieve-
ments and perspectives. Haematologica. 1999;84(12):1110-1149.

4. Morrison SJ, Shah NM, Anderson DJ. Regulatory mechanisms in stem
cell biology. Cell. 1997;88(3):287-298.

5. Augello A, De Bari C. The regulation of differentiation in mesenchymal
stem cells. Hum Gene Ther. 2010;21(10):1226-1238.

6. Pittenger MF, Mackay AM, Beck SC, et al. Multilineage potential of adult
human mesenchymal stem cells. Science. 1999;284(5411):143-147.

7. Williams JT, Southerland SS, Souza J, Calcutt AF, Cartledge RG.
Cells isolated from adult human skeletal muscle capable of differen-
tiating into multiple mesodermal phenotypes. 4m Surg. 1999;65(1):
22-26.

8. Hanson SE, Kim J, Johnson BH, et al. Characterization of mesen-
chymal stem cells from human vocal fold fibroblasts. Laryngoscope.
2010;120(3):546-551.

9. Jazedje T, Perin PM, Czeresnia CE, et al. Human fallopian tube: a
new source of multipotent adult mesenchymal stem cells discarded in
surgical procedures. J Transl Med. 2009;7:46.

10. Huang TE, Chen YT, Yang TH, et al. Isolation and characterization
of mesenchymal stromal cells from human anterior cruciate ligament.
Cytotherapy. 2008;10(8):806-814.

11. D’Andrea F, De Francesco F, Ferraro GA, et al. Large-scale produc-
tion of human adipose tissue from stem cells: a new tool for regen-
erative medicine and tissue banking. Tissue Eng Part C Methods.
2008;14(3):233-242.

12. Sarugaser R, Lickorish D, Baksh D, Hosseini MM, Davies JE. Human
umbilical cord perivascular (HUCPV) cells: a source of mesenchymal
progenitors. Stem Cells. 2005;23(2):220-229.

13. Hoogduijn MJ, Crop MJ, Peeters AM, et al. Human heart, spleen, and
perirenal fat-derived mesenchymal stem cells have immunomodulatory
capacities. Stem Cells Dev. 2007;16(4):597-604.

Stem Cells and Cloning: Advances and Applications 201 |:4

submit your manuscript 69

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Patel and Genovese

Dove

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

Lin TM, Chang HW, Wang KH, et al. Isolation and identification of
mesenchymal stem cells from human lipoma tissue. Biochem Biophys
Res Commun. 2007;361(4):883-889.

Miao Z, Jin J, Chen L, et al. Isolation of mesenchymal stem cells from
human placenta: comparison with human bone marrow mesenchymal
stem cells. Cell Biol Int. 2006;30(9):681-687.

Dicker A, Le Blanc K, Astrom G, et al. Functional studies of mesen-
chymal stem cells derived from adult human adipose tissue. Exp Cell
Res. 2005;308(2):283-290.

Lee OK, Kuo TK, Chen WM, Lee KD, Hsieh SL, Chen TH. Isolation
of multipotent mesenchymal stem cells from umbilical cord blood.
Blood. 2004;103(5):1669-1675.

Uccelli A, Moretta L, Pistoia V. Mesenchymal stem cells in health and
disease. Nat Rev Immunol. 2008;8(9):726-736.

Chamberlain G, Fox J, Ashton B, Middleton J. Concise review:
mesenchymal stem cells: their phenotype, differentiation capacity,
immunological features, and potential for homing. Stem Cells.
2007;25(11):2739-2749.

Dominici M, Le Blanc K, Mueller I, et al. Minimal criteria for
defining multipotent mesenchymal stromal cells. The International
Society for Cellular Therapy position statement. Cytotherapy.
2006;8(4):315-317.

Yanez R, Lamana ML, Garcia-Castro J, Colmenero I, Ramirez M,
Bueren JA. Adipose tissue-derived mesenchymal stem cells have
in vivo immunosuppressive properties applicable for the control of the
graft-versus-host disease. Stem Cells. 2006;24(11):2582-2591.
Bruder SP, Jaiswal N, Haynesworth SE. Growth kinetics, self-renewal,
and the osteogenic potential of purified human mesenchymal stem cells
during extensive subcultivation and following cryopreservation. J Cell
Biochem. 1997;64(2):278-294.

Lazarus HM, Haynesworth SE, Gerson SL, Rosenthal NS, Caplan Al
Ex vivo expansion and subsequent infusion of human bone marrow-derived
stromal progenitor cells (mesenchymal progenitor cells): implications for
therapeutic use. Bone Marrow Transplant. 1995;16(4):557-564.
Medawar PB. The homograft reaction. Proc R Soc Lond B Biol Sci.
1958;149(935):145-166.

Dicke KA, van der Waaij D, van Bekkum DW. The use of stem-cell
grafts in combined immune deficiencies. Birth Defects Orig Artic Ser.
1975;11(1):391-396.

Gaspardone A, De Fabritiis P, Scaffa R, et al. Stem cell mobilization after
coronary artery bypass grafting. ltal Heart J Suppl. 2004;5(1):23-28.
Corallini F, Secchiero P, Beltrami AP, et al. TNF-alpha modulates the
migratory response of mesenchymal stem cells to TRAIL. Cell Mol
Life Sci. 2010;67(8):1307-1314.

Das R, Jahr H, van Osch GJ, Farrell E. The role of hypoxia in bone
marrow-derived mesenchymal stem cells: considerations for regen-
erative medicine approaches. Tissue Eng Part B Rev. 2010;16(2):
159-168.

Mobius-Winkler S, Hilberg T, Menzel K, et al. Time-dependent
mobilization of circulating progenitor cells during strenuous exercise
in healthy individuals. J Appl Physiol. 2009;107(6):1943-1950.
Payne TR, Oshima H, Okada M, et al. A relationship between vascular
endothelial growth factor, angiogenesis, and cardiac repair after muscle
stem cell transplantation into ischemic hearts. J Am Coll Cardiol.
2007;50(17):1677-1684.

LiH, Zuo S, He Z, et al. Paracrine factors released by GATA-4 overex-
pressed mesenchymal stem cells increase angiogenesis and cell survival.
Am J Physiol Heart Circ Physiol. 2010;299(6):1772-1781.

Gnecchi M, Zhang Z, Ni A, Dzau VJ. Paracrine mechanisms in adult
stem cell signaling and therapy. Circ Res. 2008;103(11):1204-1219.
Genovese JA, Spadaccio C, Rivello HG, Toyoda Y, Patel AN.
Electrostimulated bone marrow human mesenchymal stem cells produce
follistatin. Cytotherapy. 2009;11(4):448-456.

Li X, Ling W, Pennisi A, et al. Human Placenta-Derived Adherent
Cells Prevent Bone Loss, Stimulate Bone Formation, and Sup-
press Growth of Multiple Myeloma in Bone. Stem Cells. 2011;29(2):
263-273.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

Li L, Tian H, Yue W, Zhu F, Li S, Li W. Human mesenchymal stem
cells play a dual role on tumor cell growth in vitro and in vitro. J Cell
Physiol. 2011;226(7):1860-1867.

Rhodes LV, Muir SE, Elliott S, et al. Adult human mesenchymal stem
cells enhance breast tumorigenesis and promote hormone independence.
Breast Cancer Res Treat. 2010;121(2):293-300.

Zhu Y, Sun Z, Han Q, et al. Human mesenchymal stem cells
inhibit cancer cell proliferation by secreting DKK-1. Leukemia.
2009;23(5):925-933.

Kuranda K, Vargaftig J, de la Rochere P, et al. Age-related
changes in human hematopoietic stem/progenitor cells. Aging Cell.
2011;10(3):542-546.

Dressler MR, Butler DL, Boivin GP. Effects of age on the repair
ability of mesenchymal stem cells in rabbit tendon. J Orthop Res.
2005;23(2):287-293.

Katsara O, Mahaira LG, Iliopoulou EG, et al. Effects of donor age,
gender, and in vitro cellular aging on the phenotypic, functional, and
molecular characteristics of mouse bone marrow-derived mesenchymal
stem cells. Stem Cells Dev. 2011;20(9):1549-1561.

Garayoa M, Garcia JL, Santamaria C, et al. Mesenchymal stem cells from
multiple myeloma patients display distinct genomic profile as compared
with those from normal donors. Leukemia. 2009;23(8):1515-1527.
Li B, Fu J, Chen P, Zhuang W. Impairment in immunomodulatory
function of mesenchymal stem cells from multiple myeloma patients.
Arch Med Res. 2010;41(8):623—633.

Wang X, Zhang Z, Yao C. Angiogenic activity of mesenchymal stem
cells in multiple myeloma. Cancer Invest. 2011;29(1):37-41.

Nie Y, Lau C, Lie A, Chan G, Mok M. Defective phenotype of mes-
enchymal stem cells in patients with systemic lupus erythematosus.
Lupus. 2010;19(7):850-859.

Haynesworth SE, Baber MA, Caplan Al. Cytokine expression by human
marrow-derived mesenchymal progenitor cells in vitro: effects of dex-
amethasone and IL-1 alpha. J Cell Physiol. 1996;166(3):585-592.
Ueyama H, Horibe T, Hinotsu S, et al. Chromosomal variability of
human mesenchymal stem cells cultured under hypoxic conditions.
J Cell Mol Med. 2011. [Epub ahead of print.]

Sundin M, Ringden O, Sundberg B, Nava S, Gotherstrom C, Le
Blanc K. No alloantibodies against mesenchymal stromal cells, but
presence of anti-fetal calf serum antibodies, after transplantation
in allogeneic hematopoietic stem cell recipients. Haematologica.
2007;92(9):1208-1215.

Spees JL, Gregory CA, Singh H, et al. Internalized antigens must be
removed to prepare hypoimmunogenic mesenchymal stem cells for cell
and gene therapy. Mol Ther. 2004;9(5):747-756.

Chachques JC, Herreros J, Trainini J, et al. Autologous human serum
for cell culture avoids the implantation of cardioverter-defibrillators in
cellular cardiomyoplasty. Int J Cardiol. 2004;95 Suppl 1:S29-S33.
O’Donoghue K, Chan J, de 1a Fuente J, et al. Microchimerism in female
bone marrow and bone decades after fetal mesenchymal stem-cell traf-
ficking in pregnancy. Lancet. 2004;364(9429):179-182.

Wollert KC, Meyer GP, Lotz J, et al. Intracoronary autologous bone-
marrow cell transfer after myocardial infarction: the BOOST ran-
domised controlled clinical trial. Lancet. 2004;364(9429):141-148.
Amado LC, Saliaris AP, Schuleri KH, et al. Cardiac repair with intramyo-
cardial injection of allogeneic mesenchymal stem cells after myocardial
infarction. Proc Natl Acad Sci U S 4. 2005;102(32):11474—-11479.
Poh KK, Sperry E, Young RG, Freyman T, Barringhaus KG,
Thompson CA. Repeated direct endomyocardial transplantation of allo-
geneic mesenchymal stem cells: safety of a high dose, “off-the-shelf”, cel-
lular cardiomyoplasty strategy. Int J Cardiol. 2007;117(3):360-364.
Wolf D, Reinhard A, Seckinger A, Katus HA, Kuecherer H,
Hansen A. Dose-dependent effects of intravenous allogeneic mes-
enchymal stem cells in the infarcted porcine heart. Stem Cells Dev.
2009;18(2):321-329.

Kraitchman DL, Tatsumi M, Gilson WD, et al. Dynamic imaging of
allogeneic mesenchymal stem cells trafficking to myocardial infarction.
Circulation. 2005;112(10):1451-1461.

70

submit your manuscript

Dove

Stem Cells and Cloning: Advances and Applications 201 |:4


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Adult human mesenchymal stem cells

56.

57.

58.

59.

60.

6l.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Quevedo HC, Hatzistergos KE, Oskouei BN, et al. Allogeneic
mesenchymal stem cells restore cardiac function in chronic ischemic
cardiomyopathy via trilineage differentiating capacity. Proc Natl Acad
Sci USA.2009;106(33):14022-14027.

Poncelet AJ, Hiel AL, Vercruysse J, Hermans D, Zech F, Gianello P.
Intracardiac allogeneic mesenchymal stem cell transplantation elicits
neo-angiogenesis in a fully immunocompetent ischaemic swine model.
Eur J Cardiothorac Surg. 2010;38(6):781-787.

Patel AN, Spadaccio C, Kuzman M, et al. Improved cell survival
in infarcted myocardium using a novel combination transmyocar-
dial laser and cell delivery system. Cell Transplant. 2007;16(9):
899-905.

Prasad VK, Lucas KG, Kleiner GI, et al. Efficacy and safety of
ex vivo cultured adult human mesenchymal stem cells (prochymal)
in pediatric patients with severe refractory acute graft-versus-host
disease in a compassionate use study. Biol Blood Marrow Transplant.
2011;17(4):534-541.

Hare JM, Traverse JH, Henry TD, et al. A randomized, double-blind,
placebo-controlled, dose-escalation study of intravenous adult human
mesenchymal stem cells (prochymal) after acute myocardial infarction.
JAm Coll Cardiol. 2009;54(24):2277-2286.

Frantz S, Bauersachs J, Ertl G. Post-infarct remodelling: con-
tribution of wound healing and inflammation. Cardiovasc Res.
2009;81(3):474-481.

Jones S, Horwood N, Cope A, Dazzi F. The antiproliferative effect of
mesenchymal stem cells is a fundamental property shared by all stromal
cells. J Immunol. 2007;179(5):2824-2831.

Tsuchida H, Hashimoto J, Crawford E, Manske P, Lou J. Engineered
allogeneic mesenchymal stem cells repair femoral segmental defect in
rats. J Orthop Res. 2003;21(1):44-53.

Arinzeh TL, Peter SJ, Archambault MP, et al. Allogeneic mesenchymal
stem cells regenerate bone in a critical-sized canine segmental defect.
J Bone Joint Surg Am. 2003;85-A(10):1927-1935.

Guo SQ, XuJZ, Zou QM, Jiang DM. Immunological study of alloge-
neic mesenchymal stem cells during bone formation. J Int Med Res.
2009;37(6):1750-1759.

Bartholomew A, Sturgeon C, Siatskas M, et al. Mesenchymal stem
cells suppress lymphocyte proliferation in vitro and prolong skin graft
survival in vivo. Exp Hematol. 2002;30(1):42-48.

Di Nicola M, Carlo-Stella C, Magni M, et al. Human bone marrow
stromal cells suppress T-lymphocyte proliferation induced by cellular
or nonspecific mitogenic stimuli. Blood. 2002;99(10):3838-3843.
Aggarwal S, Pittenger MF. Human mesenchymal stem cells modulate
allogeneic immune cell responses. Blood. 2005;105(4):1815-1822.
Tolar J, Le Blanc K, Keating A, Blazar BR. Concise review: hit-
ting the right spot with mesenchymal stromal cells. Stem Cells.
2010;28(8):1446-1455.

Selmani Z, Naji A, Zidi I, et al. Human leukocyte antigen-GS5 secretion
by human mesenchymal stem cells is required to suppress T lymphocyte
and natural killer function and to induce CD4+CD25highFOXP3+
regulatory T cells. Stem Cells. 2008;26(1):212-222.

Meisel R, Zibert A, Laryea M, Gobel U, Daubener W, Dilloo D.
Human bone marrow stromal cells inhibit allogeneic T-cell responses
by indoleamine 2,3-dioxygenase-mediated tryptophan degradation.
Blood. 2004;103(12):4619—-4621.

Ren G, Zhang L, Zhao X, et al. Mesenchymal stem cell-mediated
immunosuppression occurs via concerted action of chemokines and
nitric oxide. Cell Stem Cell. 2008;2(2):141-150.

Chabannes D, Hill M, Merieau E, et al. A role for heme oxygenase-1 in
the immunosuppressive effect of adult rat and human mesenchymal
stem cells. Blood. 2007;110(10):3691-3694.

Maitra B, Szekely E, Gjini K, et al. Human mesenchymal stem cells
support unrelated donor hematopoietic stem cells and suppress T-cell
activation. Bone Marrow Transplant. 2004;33(6):597-604.

Le Blanc K, Rasmusson I, Sundberg B, et al. Treatment of severe acute
graft-versus-host disease with third party haploidentical mesenchymal
stem cells. Lancet. 2004;363(9419):1439—-1441.

76.

71.

78.

79.

81.

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

93.

94.

95.

Ringden O, Uzunel M, Rasmusson I, et al. Mesenchymal stem
cells for treatment of therapy-resistant graft-versus-host disease.
Transplantation. 2006;81(10):1390-1397.

Le Blanc K, Frassoni F, Ball L, et al. Mesenchymal stem cells for
treatment of steroid-resistant, severe, acute graft-versus-host disease:
a phase II study. Lancet. 2008;371(9624):1579-1586.

Kebriaei P, Isola L, Bahceci E, et al. Adult human mesenchymal stem cells
added to corticosteroid therapy for the treatment of acute graft-versus-
host disease. Biol Blood Marrow Transplant. 2009;15(7):804-811.
Newman RE, Yoo D, LeRoux MA, Danilkovitch-Miagkova A.
Treatment of inflammatory diseases with mesenchymal stem cells.
Inflamm Allergy Drug Targets. 2009;8(2):110-123.

. Kopen GC, Prockop DJ, Phinney DG. Marrow stromal cells migrate

throughout forebrain and cerebellum, and they differentiate into
astrocytes after injection into neonatal mouse brains. Proc Natl Acad
Sci USA.1999;96(19):10711-10716.

Rafei M, Birman E, Forner K, Galipeau J. Allogeneic mesenchymal
stem cells for treatment of experimental autoimmune encephalomyelitis.
Mol Ther. 2009;17(10):1799-1803.

Zhang J, LiY, Lu M, et al. Bone marrow stromal cells reduce axonal
loss in experimental autoimmune encephalomyelitis mice. J Neurosci
Res. 2006;84(3):587-595.

Gerdoni E, Gallo B, Casazza S, et al. Mesenchymal stem cells effectively
modulate pathogenic immune response in experimental autoimmune
encephalomyelitis. Ann Neurol. 2007;61(3):219-227.

Wakabayashi K, Nagai A, Sheikh AM, et al. Transplantation of
human mesenchymal stem cells promotes functional improvement
and increased expression of neurotrophic factors in a rat focal cerebral
ischemia model. J Neurosci Res. 2010;88(5):1017-1025.

Liu N, Chen R, Du H, Wang J, Zhang Y, Wen J. Expression of IL-10
and TNF-alpha in rats with cerebral infarction after transplantation with
mesenchymal stem cells. Cell Mol Immunol. 2009;6(3):207-213.
LiY, Chen J, Chen XG, et al. Human marrow stromal cell therapy
for stroke in rat: neurotrophins and functional recovery. Neurology.
2002;59(4):514-523.

Wilkins A, Kemp K, Ginty M, Hares K, Mallam E, Scolding N. Human
bone marrow-derived mesenchymal stem cells secrete brain-derived
neurotrophic factor which promotes neuronal survival in vitro. Stem
Cell Res. 2009;3(1):63-70.

Li WY, Choi YJ, Lee PH, et al. Mesenchymal stem cells for ischemic
stroke: changes in effects after ex vivo culturing. Cell Transplant.
2008;17(9):1045-1059.

Zappia E, Casazza S, Pedemonte E, et al. Mesenchymal stem cells
ameliorate experimental autoimmune encephalomyelitis inducing T-cell
anergy. Blood. 2005;106(5):1755-1761.

Zhang J, LiY, Chen J, et al. Human bone marrow stromal cell treatment
improves neurological functional recovery in EAE mice. Exp Neurol.
2005;195(1):16-26.

Kassis I, Grigoriadis N, Gowda-Kurkalli B, et al. Neuroprotec-
tion and immunomodulation with mesenchymal stem cells in
chronic experimental autoimmune encephalomyelitis. Arch Neurol.
2008;65(6):753-761.

Freedman MS, Bar-Or A, Atkins HL, et al. The therapeutic potential
of mesenchymal stem cell transplantation as a treatment for multiple
sclerosis: consensus report of the International MSCT Study Group.
Mult Scler. 2010;16(4):503-510.

Yamout B, Hourani R, Salti H, et al. Bone marrow mesenchymal stem
cell transplantation in patients with multiple sclerosis: a pilot study.
J Neuroimmunol. 2010;227(1-2):185-189.

Karussis D, Karageorgiou C, Vaknin-Dembinsky A, et al. Safety and
immunological effects of mesenchymal stem cell transplantation in
patients with multiple sclerosis and amyotrophic lateral sclerosis. Arch
Neurol. 2010;67(10):1187-1194.

Lee JW, Fang X, Gupta N, Serikov V, Matthay MA. Allogeneic human
mesenchymal stem cells for treatment of E. coli endotoxin-induced
acute lung injury in the ex vivo perfused human lung. Proc Natl Acad
Sci USA.2009;106(38):16357-16362.

Stem Cells and Cloning: Advances and Applications 201 |:4

submit your manuscript

71

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Patel and Genovese

Dove

96.

97.

98.

99.

100.

101.

102.

103.

104.

105.

106.

107.

108.

Grove DA, XuJ, Joodi R, et al. Attenuation of early airway obstruction
by mesenchymal stem cells in a murine model of heterotopic tracheal
transplantation. J Heart Lung Transplant. 2011;30(3):341-350.
Kavanagh H, Mahon BP. Allogeneic mesenchymal stem cells prevent
allergic airway inflammation by inducing murine regulatory T cells.
Allergy. 2011;66(4):523-531.

Bonfield TL, Koloze M, Lennon DP, Zuchowski B, Yang SE,
Caplan AI. Human mesenchymal stem cells suppress chronic airway
inflammation in the murine ovalbumin asthma model. A4m J Physiol
Lung Cell Mol Physiol. 2010;299(6):L760-L770.

Abdi R, Fiorina P, Adra CN, Atkinson M, Sayegh MH. Immunomodu-
lation by mesenchymal stem cells: a potential therapeutic strategy for
type 1 diabetes. Diabetes. 2008;57(7):1759-1767.

Fotino C, Ricordi C, Lauriola V, Alejandro R, Pileggi A. Bone marrow-
derived stem cell transplantation for the treatment of insulin-dependent
diabetes. Rev Diabet Stud. 2010;7(2):144—157.

Inverardi L, Ricordi C. Tolerance and pancreatic islet transplantation.
Philos Trans R Soc Lond B Biol Sci. 2001;356(1409):759-765.
Berman DM, Willman MA, Han D, et al. Mesenchymal stem cells
enhance allogeneic islet engraftment in nonhuman primates. Diabetes.
2010;59(10):2558-2568.

Urban VS, Kiss J, Kovacs J, et al. Mesenchymal stem cells coop-
erate with bone marrow cells in therapy of diabetes. Stem Cells.
2008;26(1):244-253.

Xie QP, Huang H, Xu B, et al. Human bone marrow mesenchymal stem
cells differentiate into insulin-producing cells upon microenvironmen-
tal manipulation in vitro. Differentiation. 2009;77(5):483-491.
SunY, Chen L, Hou XG, et al. Differentiation of bone marrow-derived
mesenchymal stem cells from diabetic patients into insulin-producing
cells in vitro. Chin Med J (Engl). 2007;120(9):771-776.

Tang DQ, Cao LZ, Burkhardt BR, et al. In vivo and in vitro character-
ization of insulin-producing cells obtained from murine bone marrow.
Diabetes. 2004;53(7):1721-1732.

Chen LB, Jiang XB, Yang L. Differentiation of rat marrow mesenchy-
mal stem cells into pancreatic islet beta-cells. World J Gastroenterol.
2004;10(20):3016-3020.

Volarevic V, Arsenijevic N, Lukic ML, Stojkovic M. Concise review:
Mesenchymal stem cell treatment of the complications of diabetes
mellitus. Stem Cells. 2011;29(1):5-10.

Stem Cells and Cloning: Advances and Applications

Publish your work in this journal

Stem Cells and Cloning: Advances and Applications is an international,
peer-reviewed, open access journal. Areas of interest in stem cell
research include: Embryonic cell stems; Adult stem cells; Blastocysts;
Cordblood stem cells; Stem cell transformation and culture; Therapeutic
cloning; Umbilical cord blood and bone marrow cells; Laboratory,

109.

110.

111.

112.

113.

114.

115.

116.

117.

118.

Zhang N, LiJ, Luo R, Jiang J, Wang JA. Bone marrow mesenchymal
stem cells induce angiogenesis and attenuate the remodeling
of diabetic cardiomyopathy. Exp Clin Endocrinol Diabetes.
2008;116(2):104-111.

Comerota AJ, Link A, Douville J, Burchardt ER. Upper extremity
ischemia treated with tissue repair cells from adult bone marrow.
JVasc Surg. 2010;52(3):723-729.

Fazan R Jr, Ballejo G, Salgado MC, Moraes MF, Salgado HC. Heart
rate variability and baroreceptor function in chronic diabetic rats.
Hypertension. 1997;30(3 Pt 2):632—-635.

Stroedter D, Schmidt T, Bretzel RG, Federlin K. Glucose metabo-
lism and left ventricular dysfunction are normalized by insulin
and islet transplantation in mild diabetes in the rat. Acta Diabetol.
1995;32(4):235-243.

Abdel Aziz MT, El-Asmar MF, Haidara M, et al. Effect of bone
marrow-derived mesenchymal stem cells on cardiovascular complica-
tions in diabetic rats. Med Sci Monit. 2008;14(11):BR249-BR255.
Ezquer FE, Ezquer ME, Parrau DB, Carpio D, Yanez AJ, Conget PA.
Systemic administration of multipotent mesenchymal stromal cells
reverts hyperglycemia and prevents nephropathy in type 1 diabetic
mice. Biol Blood Marrow Transplant. 2008;14(6):631-640.

Lee RH, Seo MJ, Reger RL, et al. Multipotent stromal cells from
human marrow home to and promote repair of pancreatic islets and
renal glomeruli in diabetic NOD/scid mice. Proc Natl Acad Sci U SA.
2006;103(46):17438—-17443.

Herrera MB, Bussolati B, Bruno S, Fonsato V, Romanazzi GM,
Camussi G. Mesenchymal stem cells contribute to the renal repair of acute
tubular epithelial injury. Int J Mol Med. 2004;14(6):1035-1041.

Kim H, Park JS, Choi Y], et al. Bone marrow mononuclear cells have
neurovascular tropism and improve diabetic neuropathy. Stem Cells.
2009;27(7):1686—1696.

Kwon DS, Gao X, Liu YB, et al. Treatment with bone marrow-derived
stromal cells accelerates wound healing in diabetic rats. Int Wound J.
2008;5(3):453-463.

Dove

animal and human therapeutic studies; Philosophical and ethical issues
related to stem cell research. This journal is indexed on CAS. The
manuscript management system is completely online and includes a
quick and fair peer-review system. Visit http://www.dovepress.com/
testimonials.php to read real quotes from published authors.

Submit your manuscript here: http://www.dovepress.com/stem-cells-and-cloning-advances-and-applications-journal

72

submit your manuscript

Dove

Stem Cells and Cloning: Advances and Applications 201 |:4


http://www.dovepress.com/stem-cells-and-cloning-advances-and-applications-journal
http://www.dovepress.com/testimonials.php
http://www.dovepress.com/testimonials.php
www.dovepress.com
www.dovepress.com
www.dovepress.com
www.dovepress.com

	Publication Info 2: 
	Nimber of times reviewed: 


