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Therapeutic angiogenesis by stem cell: new hope for the ischemic limbs
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Abstract

Critical limb ischemia in an intractable condition associated with high level of amputation, leading to
low quality of life increase morbidity and mortality. It is often not treated by standard therapeutic
modalities. Neoangiogenesis has been proposed as a novel method of treatment of such patients.
Vascular Endothelial Growth Factor (VEGF) and Cytokine Fibroblast growth Factor (FGF1) have
been shown to elicit neoangiogesis. Stem cells are progenitor cells which can differentiate in vivo
into different type of cells. Collateral vessel formation after stem cell therapy.

A case of 50 years old male, diabetic, hypertensive with dry gangrene of tip of left ring finger was
treated with stem cell therapy after proper counseling. He received the therapy in the form of SVF
(Stromal Vascular Fraction) from adipose tissue by local injection in the territory of the affected
vessels. Following monitoring parameters were reported, improved wound status, local temperature
change, oxygen saturation change in the ischemic zone. Outcome of stem cell therapy in this case
including the rest pain disappeared at 14 days and the finger becomes warmed by 5°C in 3 weeks.
The gangrenous area healed in 3 months. Amputation was averted.

Angiogenesis is a complex process leading to new blood vessels formation. Mesenchymal stem
cells (MSCs) are a type of adult stem cell which has an immunomodulatory effect. Stem cell
therapy has been used to improve limb Vascularity. Stem Cells are likely to be an important
modality to treat critical limb ischemia.
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Introduction has shown great prospects for ischemic

diseases.>®
Indeed, stem cells have been used in

With the development of society and
improvement of living standards, ischemic

diseases have become a leading cause of
disabilities and deaths in humans. Ischemic
diseases are characterized by a reduction of
blood supply with limited oxygen transfer
and nutrient uptake. Thus, angiogenesis
and blood supply reconstruction are key for
treatment of ischemic diseases. Current
clinical treatments primarily involve medical
therapy (thrombolytic drugs and vasodilator
drugs) and surgery.” However, it remains
difficult to achieve the purpose of vascular
remodeling using either drugs or surgery.®*
Inspired by the fact that the body undergoes
natural angiogenesis in response to an
insufficient blood supply, scientists have
learned to enhance the efficiency of
angiogenesis as a treatment strategy. The
concept of therapeutic angiogenesis
involves introducing an agent to promote the
growth of new blood vessels in ischemic
tissue. Stem cell therapy is a technology
that

animal models and clinical trials to treat
various ischemic diseases. However, as
transplantation of stem cells continues to be
limited by ethical issues, tumorigenicity, and
immune rejection, such therapies are not
widely available in the clinic.

Recent studies have found that stem cell
supernatants can promote repair of
damaged tissue.” Accordingly,
researchers began to focus on the exocrine
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function of stem cells. Extracellular vesicles
(EVs), which are secreted from cells, have
been discovered for more than 30 years. In
the past, scientists have thought of EVs as
cellular dust. Today, EVs are thought to be
carriers of intercellular biological
information, as they may contain nucleic
acids, lipids, and proteins, thereby playing
an indispensable role in cell-to-cell
communication.’ Furthermore, the
composition of EVs varies according to their
origin, and the information they carry also
varies.™ Biological characteristics and
functions of EVs suggest their potential
application for cell-free  regeneration
strategies, which may avoid the
disadvantages of current stem cell
transplantation techniques.

Therapeutic angiogenesis via cellular
transplantation has been proposed to serve
as an effective and promising alternative
therapy for the treatment of patients with
severe limb ischemia who have no other
option for revascularization.***°

Therapeutic  angiogenesis has been
introduced in recent years as an alternative
for limb salvage in patients with occluded
peripheral arteries, based on the concept
that formation of new vessels is possible via
vasculogenesis, angiogenesis, and
arteriogenesis, and these new vessels
would be able to replace the function of the
occluded arteries and to ensure an
adequate supply of oxygen in severely
ischemic tissues.?®?®

Vasculogenesis and angiogenesis are
complex processes that lead to the
formation of new capillaries, being
controlled by numerous soluble growth
factors, inhibitors, cytokines, adhesion
molecules, and extracellular matrix proteins.
The main difference between the two
processes relies in the mechanism of
formation of capillaries. While
vasculogenesis refers to in situ assembly of
precursor cells into capillaries, angiogenesis
represents the formation of new capillaries
from preexisting vessels.”*? Arteriogenesis
is another complex process of vessel
formation, which is fundamentally

based on collateralization. Preexisting
collateral vessels can enlarge up to 25
times their original size to facilitate increase
in blood supply.28

Arteriogenesis is associated with structural
remodeling of the vessel and significant
increase in the endoluminal shear stress,
which in turn activates endothelial cells and
triggers the release of factors that recruit
monocytes to collaterals.?®

After the first description by Asahara, in
1997, of the potential of cells originating
from the bone marrow (BM) to differentiate
into endothelial cells, promote vessel
growth, and stimulate vasculogenesis,
many attempts have been made in order to
validate these cells as a therapeutic
agent.29 The concept of cell therapy in limb
ischemia is based on the capacity of the
bone marrow-derived progenitor cells to
promote collateral vessel formation and
neovascularization of ischemic tissue.*

Therapeutic angiodenesis

| Gene therapy ||Stem cell therapy |

Promising results in Promising results in
experimental models clinical trials

TRAFFIC - Recombinant Fibroblast Growth Factotf TACT — Intramuscular
RAVE - Vascular Endothelial Growth Factor | PROVASA - intra-arterial
TALISMAN201 - NV.FGF RESTORE - CLI - intramuscular

WALK - recombinant adenovirus vectors
VIROMED - hepatocyte growth factor

No clinical benefit |

Figure 1. Stages in angiogenesis

Figure 2. Therapeutic angiogenesis
with stem cell
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Figure 3: Mechanisms of angiogenesis

Hypoxia is the most important triggering
factor that affects the initiation of
angiogenesis. Oxygen tension plays a
major role in the expression of numerous
genes such as the vascular endothelial
growth factor (VEGF) family and pro-
angiogenic growth factor.®* 'In addition,
hypoxia stimulates the transcription of
promoter genes and this is mediated by the
activation of hypoxia-inducible farctor-1
(HIF-1) and it leads to increased VEGF. The
key steps during angiogenesis are
summarized as endothelial activation,
migration, proliferation and reorganization.31
These steps are strictly regulated by pro-
and anti-angiogenic factors. VEGF is
derived from platelets and it is a specific
mitogen for endothelial cells and it is
induced by hypoxia via HIF-1. It binds with
tryrosine-kinase receptors, and then it
stimulates not only endothelial proliferation
and differentiation, but also increased
endothelial permeability. Other growth
factors such as TGF-B, FGF or PDGF also
increase the expression of VEGF, and
inhibitory factors such as angiostatin
decrease the VEGF expression.

Case Report

Mr. Khalil age 55 years old man diabetic,
hypertensive came to Sure cell Medical
(BD) Ltd. with complains of pain and
blackening of left ring finger tip for 5 weeks
and pain along the ulnar border of the left
upper limb for 3 months. He smoked a pack
a day for the last 30 years. On past medical
treatment history he took oral hypoglycemic,
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beta-blocker, aspirin and vasodilator drugs.
On general examination of patient was
mildly anaemic non icteric, all vital organ
were in  normal range.  Systemic
Examination revealed no abnormalities
detected. Local Examination of left ring
finger showed dry gangrene of tip 1.5x1 cm,
dusky distal third, absent ulnar arterial
pulse, normal sensation. Peripheral arterial
pulse of posterior tibial of both lower limbs
were absent. He had normal total and
differential white cell counts and platelet
counts, uncontrolled diabetes (HbALC:
11.5%, Fasting Blood Sugar:12.5 mmol/L ,
Blood Sugar 2 Hrs ABF: 18.6 mmol/L),
serum creatinine 1.4 mg/dl, chest X-ray ,
ECG, echocardiogram reports were normal.
Peripheral angiography upper limb vessels
showed left and right ulnar arteries are
100% occluded from mid part. Digital
vessels of left ring finger were not
visualized. He was advised for amputation
of the left ring finger at middle phalanx level
in BIRDEM OPD. He did not comply and
went to vascular surgeon who did a
peripheral angiogram. Vascular surgeon
referred the patient to a stem cell therapy
centre. At the centre re-evaluation of patient
was done and found dry gangrene of left
ring finger tip for 5 weeks, relatively colder
left ring finger for 4 weeks and cramping
pain along ulnar border of upper limb even
at rest causing sleep disturbance for three
months and diagnosed a case of ischemic
gangrene of left ring finger tip with diabetes
mellitus with hypertension with peripheral
vascular disease. Patient was selected for
stem cell therapy after proper counseling.
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He received the therapy in the form of SVF
(Stromal Vascular Fraction) from adipose
tissue by local injection in the territory of the
affected vessels. Following monitoring
parameters were reported: wound status,
local temperature  change, oxygen
saturation change in the ischemic zone.

Outcome of stem cell therapy in this case:
the rest pain disappeared at 14 days and
the finger becomes warmed by 5°C in 3
weeks. The gangrenous area healed in 3
months. Amputation was averted.

Figure 4: Dry gangrene of left ring
finger tip

Figure 5: Four vessels angiogram
showed left and right ulnar arteries are
100 % occluded from mid part. Digital
vessels of left ring finger were not
visualized.
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After Treatment

Figure 6: Before and after treatment,
gangrenous area healed in 3 months.

Take home message: We do not need to go
for immediate excision when we see a dry
gangrenous area. We can wait and keep
the patient in regular follow up after proper
counseling. Stem Cell therapy is an option
to be considered for ischemic limbs before
going for amputation

Discussion

Stem cells are defined as undifferentiated
cells that are capable of self-renewal and
differentiation into the specialized cells
through their replication.32 In order for any
of the cells that are isolated from peripheral
blood, bone marrow etc. to be defined as
stem cells, it must be proved that the cells
differentiate or transform into specific cells
or tissue under specific conditions.

There are three recent revolutionary
discoveries for stem cells that have
demonstrates stem cells' clinical potential in
a variety of diseases.® First, stem cells
have been discovered in organs that were
previously thought to lack regenerative
potential. Second, organ-specific adult stem
cells exhibit much more plasticity than we
originally thought. This fact means that stem
cells derived from one type of cell or tissue
can differentiate into unrelated types of
tissue. So, it had been proposed that the
use of adult stem cells should be
considered as a treatment strategy for
diseases that require vascular regeneration.
Third, embryonic stem cells can be isolated
and differentiated into a variety of cell types
in vitro. So, their differentiation ability may
hold promise for the treatment of many
types of
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disease that require tissue repair, such as
stroke, neuro-degenerative disease and
myocardial infarction.

Stem cells can be divided into two types,
that is, embryonic and adult stem cells.
Embryonic stem cells are derived from the
fetus that is in the blastocyst stage and
these cells have various abilities to
differentiate into multiple cellular lineages.
However, there are some problems with
using embryonic stem cells in the clinical
field because these cells tend to develop
into tumors such as teratoma, and most of
all, the ethical controversies for their
procurement and use remain to be solved.
In contrast, adult stem cells are distributed
throughout the body and they have the
potential to differentiate into specific tissue
under certain circumstances, but this
potential is quiescent under normal
physiologic conditions. Although adult stem
cells are distributed throughout the body,
there are tissue-specific locations for each
type of stem cell. For example,
hematopoietic and mesenchymal stem cells
are primarily located in bone marrow and
peripheral bloodneural stem cells are
located in ependymal cells and astrocytes,
and skeletal-muscle stem cells are located
in muscle fiber.>*%

In most clinical trials, peripheral blood, bone
marrow, cord blood or placenta have been
used as the sources of stem cells because
these tissues have a rich content of stem
cells and the cells are easily and safely
harvested for isolation.*’

Several experimental studies have reported
that purified stem cells are able to generate
cardiomyocytes and vascular structures.***°

The exact mechanisms of angiogenesis by
stem cells in various ischemic vascular
diseases are poorly understood. It is thought
that stem cells may cause the release of a
variety of angiogenic factors such as VEGF
and bFGF, and these factors mediate a
paracrine effect into the ischemic lesion,
and as a result, angiogenesis is triggered.

In addition, some studies have reported
serious adverse events, including
myocardial infarctions, in-stent stenosis and

arteriovenous fistula.**** There are several

possible mechanisms for these adverse
events.”® First, controlling the migration of
stem cells into lesion sites may modify the
risk and benefit of stem cell therapy.
Second, the differentiation of stem cells may
not be as directed as we have desired. As a
result, acceleration of new arterial plague or
plaque instability has been demonstrated.

Conclusions

In conclusion, most of the previous clinical
trials have reported that stem cell therapy
could serve as a novel therapeutic modality
for patients with peripheral arterial disease
(PAD). However, there are several
limitations to directly apply stem cell therapy
in the clinical field. First, the mechanisms of
angiogenesis by administration of stem cells
have not been yet proven. Second, most of
the trials have had a small number of
subjects, a variety of inclusion criteria and
they were non-randomized trials. Third,
there has been the lack of standard
reporting for the outcomes, adverse events
and safety. Fourth, the most effective type
of stem cells, the timing of administration,
the amount and the route of administration
that causes angiogenesis in patients with
PAD have not been established.

Therefore, multicenter, large-scale and
randomized controlled clinical trials may be
fundamental and mandatory to prove the
safety and efficacy of promoting
angiogenesis by the administration of stem
cells and for this therapy to become a
standard treatment strategy for the patients
suffering with PAD.
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