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Summary

Stem cells are typically found in multicellular living beings
and have the one of a kind individual with respect to self-regeneration.
They go through mitotic cell division and can distinguish one-self into
various cell types., stem cells can take shape cells of every one of the three
germ layers like; mesoderm, endoderm, and the ectoderm. Stem cells must
have two primary attributes; stem cells must have the efficiency of
unrestrained self-regeneration to reproduction offspring carefully equivalent
to the beginning cell. Wound burns are known as; by how profound they are
and how enormous zone they cover it. An enormous burn injury is probably
going to incorporate burned region of various profundities. Burns destroy
the skin's defensive barrier, which means microbes (bacteria) and other
external invaders can penetrate it easy. Infections cannot only hold in the
harmed territory, yet in additionally other organs like the lungs (pneumonia)
and bloodstream (sepsis), whereas they are possibly deadly in some case.
So in this research, we discuss the possibility of treating burn wounds
through mesenchymal Stem cells which are taken from the bone marrow in
the thigh of rat. Stem cells were used to speed up the process of treating
burns. A rat was used as a model for the experiment. Researchers basically
worked with two sorts of Stem cells from animals and humans, Embryonic
stem cells, and Non-embryonic "somatic" or "adult" stem cells.
Mesenchymal stem cells are an illustration of tissue or 'adult' stem cells.
They are 'multipotent’, which means they can deliver more than one kind of
specialized cell of the body, however not all various types of mesenchymal
stem cells can make a various sorts of cells belonging to our skeletal tissues,
like cartilage, bone and fat. Scientists are examining how mesenchymal
stem cells may be used to treat bone and cartilage sicknesses. Mesenchymal
stem cells were at first described as adherent cells with a fibroblast-like
appearance that can differentiate into osteocytes, chondrocytes, adipocytes,
tenocytes and myocytes. There has been much progress in understanding
Mesenchymal stem cells over the years, and there is a strong foundation for
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future scientific research and clinical applications, but also some important
questions remain to be answered. For instance, they can distinguish — or
specialize — into cartilage cells (chondrocytes), bone cells (osteoblasts) and
fat cells (adipocytes). Skin is the soft outer tissue which covers vertebrates.
It protects our internal organs from the environment using a multi-layered
system of cushioning and a cellular barrier. The skin is comprised of three
main layers The epidermis, the dermis and The hypodermis. A burn is an
injury to the skin or other organic tissue primarily caused by heat or due to
radiation, radioactivity, electricity, friction or contact with chemicals. Burn
depth is generally categorized as first, second, or third degree. The
treatment of burns depends on the depth, area, and location of the burn,
Gunshot injuries, explosions, chemical exposures, nuclear heat, and any
other agent of warfare can cause severe damage to the skin. Depending on
the type and extent of an injury if these injuries occur only in three layers of
the skin the body regenerates itself through h the process of wound healing,
a dynamic process that involves SCs, progenitor s, parenchymal cells, extra
cellular matrix, blood cells and soluble mediators in three phases:
inflammation, proliferation and remodeling this is happened in first and
second degree of burns, third degree burns are considered full thickness and
are the most difficult to treat. These require the regeneration of the entire
skin structure. Apart from structural regeneration, restoring the function of
the original skin is critical. Multiple preclinical models have demonstrated
the efficacy of mesenchymal stem cells based treatments for promoting the
repair and regeneration of thermal burns and radiation exposure. These
studies have reported more expedient wound closure, decreased incidence
of infection, increased vasculogenesis, increased elasticity and reduced scar
formation.

2
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Chapter One: Introduction and Literature Review

1.1. Introduction

Stem cells (SCs) are typically found in multicellular living beings
and have the one of a kind individual with respect to self-regeneration.
They go through mitotic cell division and can distinguish one-self into
various cell types. During early stage up growth (i.e. embryonic
development), stem cells can take shape cells of every one of the three germ
layers like; mesoderm, endoderm, and the ectoderm (Donnelly etal., 2018;
Hall, 2018).

SCs must have two primary attributes; SCs must have the efficiency
of unrestrained self-regeneration to reproduction offspring carefully
equivalent to the beginning cell. This characteristic is likewise for
malignant growth cells (cancer cells) which split in an uncontrolled way
though undifferentiated, whereas in SCs division is very highlyregulation
(Teng et al., 2018; Capp, 2019). However, it is imperative to take note of
the extra prerequisite for SCs; they must be having ability to give rise of a
specific cell kind which turns out to be important for the healthy animal
(Lee et al., 2020).

SCs play a major role in advanced fields of regenerative medicine
and other research areas. They are involved in the regeneration of
damaged tissue or cells, due to their self-renewal characteristics (Reddy et
al., 2018). Tissue or cells can be damaged through a variety of diseases,
including hematologic and nonhematologic malignancies. In regard to
this, SC transplantation is a cellular therapeutic approach to restore those
impaired cells, tissue, or organs. SCs have a therapeutic potential in the
application of SC transplantation (Samadi et al., 2020).

Also, in sickle cell anemia; is an inherited blood disorder caused by
a genetic defect that alters the structure of hemoglobin, the oxygen-
carrying protein found in red blood cells. The defective hemoglobin (also

called hemoglobin S) causes red blood cells to become stiff, sticky, and

L.
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sickle-shaped (Azar and Wong, 2017). These deformed cells can block

blood flow, causing symptoms ranging from severe pain to organ damage
and stroke. SC transplant, or replacing the stem (precursor) cells that give
rise to red blood cells, is the only treatment currently available to cure the
disorder. Stem cells can be obtained from a donor’s bone marrow (the site
within the bones where SCs are produced), peripheral blood (blood in the
veins), or umbilical cord (the cord that transports oxygen and nutrients
from a mother to her baby) at the time of birth (Fitzhugh and Walters,
2017).

In addition, Mesenchymal stem cells (MSCs) are now known to
display not only SC multipotency, but also robust antiinflammatory and
regenerative properties. After widespread in-vitro and in-vivo preclinical
testing, autologous and allogeneic MSCs have been applied in a range of
iImmune mediated conditions, including graft versus host disease, Crohn's
disease, multiple sclerosis, refractory systemic lupus erythematosus and

systemic sclerosis (Riordan et al., 2019).

Current data suggests that MSCs may not only replace diseased
tissues, but also exert several trophic, regenerative and antiinflammatory
effects. While the clinical outcome in case reports and phase I-11 trials
seems occasionally striking, these limited results point to the need to
perform controlled multicenter trials. Future advances from stem cell
science can be expected to pinpoint significant MSC subpopulations
and/or stem cell markers for improved regenerative or immunoregulatory

properties (Redondo-Castro et al., 2017).

Wound burns are known as; by how profound they are and how
enormous zone they cover it. An enormous burn injury is probably going to
incorporate burned region of various profundities (Johnson, 2018; Abdel-
Sayed et al., 2019).
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Deep burns remedy all the more gradually, are more hard to treat
when it's deeper, also they are more inclined to complication like infections
and scarring. Very deep burns are the most perilous of all and may require
removal (cutoff, in severe case) (Brownson and Gibran, 2018). Infection is
likewise a significant concern. Burns destroy the skin's defensive barrier,
which means microbes (bacteria) and other external invaders can penetrate
it easy (Yan et al., 2020).

Burns in additionally debilitate the immune system, so the body is
less ready to ward off the dangers (Jafaryparvar et al., 2018). Infections
cannot only hold in the harmed territory, yet in additionally other organs
like the lungs (pneumonia) and bloodstream (sepsis), whereas they are

possibly deadly in some case (Shao et al., 2020).

So in this research, we discuss the possibility of treating burn wounds
through mesenchymal SCs which are taken from the bone marrow in the
thigh of rat.

1.2. Aim of study

The ability to use bone marrow (MSCs) to treat some establish burns

in rat model.

L.



e

Chapter One: Introduction and Literature Review

1.3. Stem Cells

1.3.1.Timeline of SCs

In 1956, First successfully bone marrow implant between a donor and
recipient is performed by Dr. E Thomas in New York. The patient, who has
leukemia, is given radiotherapy and afterward treated with solid bone
marrow from an identical twin.

In 1960, Researchers find out bone marrow contains at least two
kinds of SCs — blood or haematopoietic SCs that structure every one of the
kinds of platelets in the body and stromal SCs that structure bone, ligament,
fat, and connective tissue. Additionally, first examination report to
demonstrate that the cerebrum may generate new nerve cells is distributed,
yet not generally acknowledged.

In 1968, First bone marrow transplant for non-malignancy treatment.
Dr. Robert Good uses a bone marrow transplant to treat an eight-year-old
kid with SCID. The donor is a HLA-matched sister. Also, Robert Edwards
and his student, Barry Bavister, became the first to fertilize a human egg in
the test tube. This is the start of in vitro fertilization (IVF) technologies.

In 1973, First bone marrow transplant unrelated patients. A five-year-
old patient in New York with SCID is treated with multiple infusions of
bone marrow from a giver in Denmark.

In 1978, The first IVF baby is born in England and, Blood stem cells
are discovered in human umbilical cord blood.

In 1981, Mouse embryonic stem cells are derived for the first time
from the inner cell mass of a mouse blastocyst and grown in vitro.

In the period 1984 — 1998, Pluripotent stem cells are isolated. When
exposed to retinoic acid, these cells differentiate into neuron-like cells and
other cell type.

In 1990, Bone marrow donor programme initiated. Dr. Thomas

receives the Nobel Prize in Physiology or Medicine for his pioneering work
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In 1995, Scientists at the University of Wisconsin derive the first
embryonic stem cells from non-human primates.

In 1998, Scientists at the University of Wisconsin, led by James
Thompson, isolate and grow the first stem cells from human embryos. The
embryos used in these studies were created by IVF.

In 1999, Researchers discover that stem cells can be made to
differentiate into different cell types.

In 2001, President George W Bush permits federal funding
of ESC research, but only on the 64 existing stem cell lines.

In 2004, Researchers in South Korea claim to be the first to clone a
human embryo and then harvest the SCs for research. The research is later
found to have been fabricated. California becomes the first state in the USA
to provide its own fund for embryonic stem cell research.

In 2005, George W Bush’s restrictions on ESC research are loosened.

In 2009, President Barack Obama reverses George W Bush's
executive order and issues a replacement order removing barriers for
research.

In 2010, The United States Food and Drug Administration (US FDA)
gives approval to test human ESC treatments for degenerative eye disease.

In 2013, The world's first SCs burger, grown from cow muscle cells,
is cooked and eaten. The 142g patty took 3 months to create.

In 2014, US and Japanese researchers discover that "any cell can be
potentially rewound to a pre-embryonic state" using a short, simple
technique.

In 2015, The cost of a lab-grown burger drops from USD$325,000
per patty to a more reasonable USD$11.36. In addition, Japanese scientists
grow and transplant a functioning kidney into a living organism.

In 2016, Lab-grown mouse eggs result in 11 apparently healthy live
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births. The research began with more than 300 embryos.

1.3.2.Embryonic SCs and Non-embryonic *'somatic' or ""adult™ SCs

Until newly, researchers basically worked with two sorts of SCs

from animals and humans (Saini et al., 2020);

Scientists find approaches to get embryonic SCs (ESCs) from early
mouse embryos almost 40 years ago. SCs are the cellular putty from which
all tissues of the body are made Since the time human ESCs were first
mature in the lab, researchers have vision for utilizing them to fix harmed
tissue or make new organs, yet such medical uses have additionally pulled
in discussion. Recently, the capability of SCs to revolt in medicine got an
enormous boost with information on a super flexible sort of SCs from adult
mouse cells utilizing an astoundingly straightforward strategy. This course
of events shows you the SCs improvement approaches (Mishra, 2018;
Poulos, 2018).

Adult SCs, are undifferentiated cells found living within specific
differentiated tissues in our bodies that can renew themselves or generate
new cells that can replenish dead or damaged tissue. You may also see the
term “somatic stem cell” used to refer to adult stem cells. The term
“somatic” refers to non-reproductive cells in the body (eggs or sperm).
Somatic SCs are typically scarce in native tissues which have rendered

them difficult to study and extract for research purposes (Mobley, 2019).

Resident in most tissues of the human body, discrete populations of
Adult SCs generate cells to replace those that are lost through normal
repair, disease, or injury. Adult SCs are found throughout one’s lifetime
in tissues such as the umbilical cord, placenta, bone marrow, muscle,
brain, fat tissue, skin, gut, etc. The first Adult SCs were extracted and
used for blood production in 1948. This procedure was expanded in 1968

when the first adult bone marrow cells were used in clinical therapies for
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blood disease (Alhattab et al., 2019).

Studies proving the specificity of developing Adult SCs are
controversial; some showing that Adult SCs can only generate the cell
types of their resident tissue whereas others have shown that Adult SCs
may be able to generate other tissue types than those they reside in. More

studies are necessary to confirm the dispute (Leberfinger et al., 2017).

Types of Adult Stem Cells (Gurusamy et al., 2018):
- Hematopoietic SCs (Blood Stem Cells).
- Mesenchymal Stem Cells.
- Neural Stem Cells.
- Epithelial Stem Cells.
- Skin Stem Cells.

1.4. Classification of SCs

1.4.1. Classification of stem cells on the basis of potency

SCs can be classified by the extent to which they can differentiate

into different cell types (Barky et al., 2017). As show in scheme (1-1).

*  Totipotent;
The capacity to differentiate into all possible cell types. Such as, are
the zygote formed at egg fertilization and the first few cells that outcome

from the division of the zygote (Boiani et al., 2019). Figure (1-1).

Totipotent Stem Cell

7
®
:
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o5

Figure (1-1) Totipotent SCs
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*  Pluripotent;

The capacity to differentiate into nearly all cell types. Examples
include ESCs and cells that are derived from the mesoderm, endoderm, and
ectoderm germ layers that are formed in the early stage of ESC
differentiation (Baillie-Benson et al., 2020). Figure (1-2).

Ectoderm
(forms the
exoskeleton)

Mesoderm
St | (develops
into organs)
Endoderm

(forms the inner
lining of organs)

Pluripotent Stem Cell

Figure (1-2) Pluripotent SCs

Germ layer, any of three primary cell layers, formed in the earliest
stages of embryonic development, consisting of the endoderm (inner layer),
the ectoderm (outer layer), and the mesoderm (middle layer) (Technau,
2020). The germ layers form during the process of gastrulation, when the
hollow ball of cells that constitutes the blastula begins to differentiate into
more-specialized cells that become layered across the developing embryo
(Randolph et al., 2018). The germ layers represent some of the first lineage-
specific (multipotent) SCs (e.qg., cells destined to contribute to specific types
of tissue, such as muscle or blood) in embryonic development figure (1-3).
Hence, each germ layer eventually gives rise to certain tissue types in the
body (Saba and Balwan, 2021).

8
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Figure (1-3) Pluripotent SCs differentiate to the three germ

Because the germ layers can differentiate into a vast variety of organs
and tissues, they are of particular interest to the study of human
development and to SC research (Corsini et al., 2018). A pluripotent SC is
one that can become any of the three germ layers. The multipotent SCs that
then constitute the germ layers give rise to specific tissue lineages (e.g., a
specific dermal layer or even one lineage within a dermal layer) (Ferretti
and Hadjantonakis, 2019). The study of SCs and cell differentiation has
enabled scientists to reliably produce specific types of cells from human
ESCs as well as from induced pluripotent SCs (genetically reprogrammed
adult cells), which has furthered knowledge of embryonic development and

facilitated the development of novel cell-based therapies (Coll et al., 2018).

*  Multipotent;

The ability to differentiate into a closely related family of cells.
Examples include hematopoietic (adult) SCs that can become red and white
blood cells or platelets (Grinenko et al., 2018). Figure (1-4).
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Multipotent Stem Cell

*  Oligopotent;

Figure (1-4) Multipotent SCS

The ability to differentiate into a few cells. Examples include (adult)
lymphoid or myeloid SCs (Gandhi et al., 2018). Figure (1-5).
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*  Unipotent;

Figure (1-5) Oligopotent SCs

The ability to only produce cells of their own type, but have the

property of self-renewal required to be labeled a stem cell. Examples
include (adult) muscle SCs (Clevers and Watt, 2018). Figure (1-6).

Unipotent Stem Cell

Unipotent
Stem Cells

SR

One
Cell Type

Figure (1-6) Unipotent SCs
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1.4.2. Classification of stem cells on the basis of their sources

The easiest way to categorize stem cells is by dividing them into two
types: Early or embryonic and mature or adult (Gandhi et al., 2018). Early
SCs, often called ESCs, are found in the inner cell mass of a blastocyst after
approximately five days of development (Hassani et al., 2019). Mature SCs
are found in specific mature body tissues as well as the umbilical cord and
placenta after birth (Thomi et al., 2019). As show in scheme (1-1).

*  ESCs

ESCs are self-replicating pluripotent cells that are potentially
immortal. They are derived from embryos at a developmental stage before
the time of implantation would normally occur in the uterus (Yang et al.,
2019). The embryos from which human ESCs are derived are typically four
or five days old and are a hollow microscopic ball of cells called the
blastocyst (Jagiri et al., 2019). Figure (1-7).

Embryonic stem cells @7
o '..o =
Human embryonic stem cells (8 ° One cell removed and grown skin
sels ina dishin alab
Differentiat (¢]
Ectoderm Mesod Endod m e . %

e. embryonic stem cells

Q- p - - %o blastocyst- a very
) />’ early embryo (5
/.Neumns Muscle cells ‘Thyroid cells days)
around 100-150 cells

ES cells can make many kinds liver

of specialised cells in the lab!

Figure (1-7) Embryonic Stem Cells

*  Adult SCs

Adult SCs are undifferentiated totipotent or multipotent cells, found
throughout the body after embryonic development, that multiply by cell
division to replenish dying cells and regenerate damaged tissues. The
primary roles of adult SCs in a living organism are to maintain and repair

the tissue in which they are found. Unlike ESCs, which are defined by their
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origin (the inner cell mass of the blastocyst), the origin of adult SCs in some

mature tissues is still under investigation (Clevers and Watt, 2018). Figure

(1-8).
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Figure (1-8) Adult Stem Cells

*  Pluripotent SCs

Recently, a third type of SC, with properties similar to ESCs, has

emerged. Scientists have engineered these induced pluripotent stem cells

(iPS cells) by manipulating the expression of certain genes

'reprogramming’ somatic cells back to a pluripotent state (Lin et al., 2017)

Figure (1-9).
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Figure (1-9) induced plurlpotent stem cells (iPS cells)
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Scheme (1-1) Classification of SCs
1.5. Mesenchymal stem cells (MSCs)

1.5.1. Introduction to MSCs

The terms MSCs have become the preferred acronym to describe a
cell and a cell population of multipotential stem/progenitor cells commonly
referred to as mesenchymal stem cells, multipotential stromal cells,
mesenchymal stromal cells, and mesenchymal progenitor cells (Kozlowska
et al., 2019). The MSCs can differentiate to important lineages under
defined conditions in vitro and in limited situations after implantation in
vivo (Pavon et al., 2018). MSCs were isolated and described about 30 years
ago and now there are over 55,000 publications on MSCs readily available.

Here, we have focused on human MSCs whenever possible (Hill et al.,
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2019). The MSCs have broad anti-inflammatory and immune-modulatory

properties (Wang, et al., 2018).

At present, these provide the greatest focus of human MSCs in
clinical testing; however, the properties of cultured MSCs in vitro suggest
they can have broader applications. The medical utility of MSCs continues

to be investigated in over 950 clinical trials (Simones et al., 2018).

There has been much progress in understanding MSCs over the years,
and there is a strong foundation for future scientific research and clinical
applications, but also some important questions remain to be answered.
Developing further methods to understand and unlock MSC potential
through intracellular and intercellular signaling, biomedical engineering,
delivery methods and patient selection should all provide substantial
advancements in the coming years and greater clinical opportunities (Lee et
al., 2019).

The expansive and growing field of MSC research is teaching us
basic human cell biology as well as how to use this type of cell for cellular
therapy in a variety of clinical settings, and while much promise is evident,

careful new work is still needed (Saldanha-Araujo et al., 2020).

MSCs can make a various sorts of cells belonging to our skeletal
tissues, like cartilage, bone and fat. Scientists are examining how MSCs
may be used to treat bone and cartilage sicknesses. Some MSC research is
likewise investigating treatments for different illness (Shah et al., 2018).
MSCs were at first described as adherent cells with a fibroblast-like
appearance that can differentiate into osteocytes, chondrocytes, adipocytes,
tenocytes and myocytes (Andrzejewska et al., 2019).

1.5.2. Definition of MSCs

MSCs are an illustration of tissue or ‘adult’ SCs. They are

'multipotent’, which means they can deliver more than one kind of
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specialized cell of the body, however not all various types (Hu et al., 2017).

MSCs make the different specialized cells found in the skeletal tissues. For

instance, they can distinguish — or specialize — into cartilage cells

(chondrocytes), bone cells (osteoblasts) and fat cells (adipocytes) figure (1-

10). All these specific cells, each one has their own special shapes,

structures and functions, and each belongs in a specific tissue (Szychlinska

etal., 2017).
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Figure (1-10) A) MSCs can distinguish — or specialize — B) cartilage cells
(chondrocytes), C and D) bone cells (osteoblasts) and E) fat cells (adipocytes)

1.5.3. Source of MSCs

MSCs are not only found in bone marrow. MSCs have been isolated
from multiple tissues such as skeletal muscle (Pantelic and Larkin, 2018),
adipose tissue (Alonso-Goulart et al., 2018), synovial membranes (Zhu, et
al., 2017), dental pulp (Kunimatsu et al., 2018), periodontal ligaments
(Zhang et al., 2020), umbilical cord, amniotic fluid and placenta (Asgari et
al., 2017). figure (1-11).
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Cord
membrane T Umbilical cord
blood

Adipose
tisse
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Mesenchymal jelly
Breast
milk Stem Cells
Umbilical
cord
Dental

pulp Decidua
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Amniotic
fluid Ligamentum
falvum

Placenta

Figure (1-11) Source of MSCs
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1.5.4. Properties of MSCs

MSCs have many properties, some of them are (Mushahary et al.,

2018; Wang et al., 2018; Yang et al., 2018; Lu Yang et al., 2019)

1.

o B~ W

9.

10.
11.
12.

Possess Immunomodulation and tissue repair - privileged phenotype
(provide allogeneic transplantation without Immune ejection).

No serious side effects so far.

Having innate migration potential to the injury sites.

Having very great paracrine effects.

Many sources of isolation (i.e. bone marrow, placenta, adipose tissue).
Possibility for autologous therapy.

Capability to be expanded efficiently and easily In vitro.

Immune - modulatory capacities and high immunosuppressive
properties.

More resistant to oxidative insult (ROS).

No ethical or side effects problems.

Possess multi — lineage differentiation potential.

Self-proliferation and multipotent.

Chemotaxis and homing function.

1.6. Bone marrow

1.6.1. Introduction of bone marrow

Bone marrow have ability to produces about 200 billion new red

blood cells every day, along with white blood cells and platelets. Also, bone

marrow contains mesenchymal and hematopoietic stem cells (Wu et al.,
2018), figure (1-12)

Around 10,000 people in the US are diagnosed each year with

diseases that require bone marrow transplants, and several diseases pose a

threat to bone marrow and prevent bone marrow from turning stem cells

into essential cells (Johnstone et al., 2021).
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Figure (1-12) Bone marrow structure

1.6.2. Sources of stem cell transplant

Depending on the type of transplant that’s being done, there are 3

possible sources of stem cells to use for transplants (Chander and
Gangenabhalli, 2020);

%  Bone marrow (from you or someone else).
%  The bloodstream (peripheral blood — from you or someone else).
%  Umbilical cord blood from newborns.

In this research we talk about bone marrow. So, Bone marrow is
the spongy liquid tissue in the center of some bones. It has a rich supply
of stem cells, and its main job is to make blood cells that circulate in your

body. The bones of the pelvis (hip) have the most marrow and contain
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large numbers of stem cells. For this reason, cells from the pelvic bone
are used most often for a bone marrow transplant. Enough marrow must
be removed to collect a large number of healthy stem cells (Abdel
Meguid et al., 2018).

The bone marrow is harvested (removed) while the donor is under
general anesthesia (drugs are used to put the patient into a deep sleep so
they don’t feel pain). A large needle is put through the skin on the lower
back and into the back of the hip bone. The thick liquid marrow is pulled
out through the needle. This is repeated until enough marrow has been

taken out (Meyerson, et al., 2019).

The harvested marrow is filtered, stored in a special solution in bags,
and then frozen. When the marrow is to be used, it’s thawed and then put
into the patient’s blood through a vein, just like a blood transfusion. The
stem cells travel to the bone marrow, where they engraft or “take” and start
to make blood cells. Signs of the new blood cells usually can be measured

in the patient’s blood tests in a few weeks (Selvi, 2017).

1.7. The skin
1.7.1. Introduction to the skin

The skin is one of the largest organs and constitutes 16% of the
human body weight. It weighs around 5kgs and covers an area of about 1.8-
2 m? (Al-Japairai et al., 2020). The thickness of the skin differs all through
the body. It relies upon how much use we make of that region (Turgul and
Kale, 2017).

For instance, since we use our feet for moving, it is thickest on the
soles of our feet. We use our hands for doing numerous everyday tasks like
getting things and write, so it is likewise thick on our palms (Holowka et
al., 2019).
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1.7.2. Definition of skin

Skin is the soft outer tissue which covers vertebrates. It protects our

internal organs from the environment using a multi-layered system of

cushioning and a cellular barrier (Rembiesa et al., 2019).

1.7.3. Skin structure

The skin is comprised of three main layers, as show in figure (1-13)

(Kimet al., 2019):

x

The epidermis: Its main job is to protect the body acting as a barrier
and help control body temperature. It is made up of four types of
cells: keratinocytes (which comprised the 90% of the epidermis),
melanocytes, Langerhans cells and Merkel cells, provides a
waterproof barrier and creates our skin tone, figure (1-14A).

The dermis is much thicker than the epidermis. It contains hair roots,
blood vessels, lymph vessels, glands, and nerve endings. Blood and
lymph vessels in the dermis bring nutrients to the dermis and
epidermis. Glands make fluids the body needs, and the connective
tissue (which builds an extracellular matrix) holds all these structures
in place and allows the skin to stretch, figure (1-14B).

The hypodermis is the subcutaneous tissue, which means “below the
skin”. It i1s mostly made of fat and connective tissue. It connects the
skin to muscles and bones and it also saves body heat, stores energy,
and absorbs shock to protect the body from injury, figure (1-14C).
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Figure (1-14) The skin is comprised of three main layers;
A) Epidermis, B) Dermis, C) Hypodermis
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1.7.4. Characteristic of skin

The skin has many characteristic (Fernandes and Barreto Junior,
2017; Harding et al., 2018; Malcov-Brog et al., 2018).

*  Thermoregulation

The skin helps us to maintain our body temperature. When we are
hot, there is vasodilation (widening of blood vessels) at the skin surface.
This cools us down by allowing more heat to escape. When we are cold,
there is constriction (narrowing of blood vessels). This allows less heat to
escape, helping conserve heat.
*  Metabolism

When we are hot or exercising, sweat glands in our skin excrete
water salts and proteins. Once on the surface of the skin, sweat evaporates
into the air. This cools the skin and helps us control our body temperature.
*  Sensation

There are many nerve endings and receptors that sense changes in the
skin. This allows us to feel everyday objects, feel pain, determine hot from
cold and also sense pressure.
*  Protection

As the skin covers our whole body and is a continuous layer, it acts
as a barrier and protects the body from injury and infection. It also shields
against the sun’s light and radiation and prevents us from drying up.
*  Synthesis of vitamin Dj

When exposed to the sun’s rays, the skin produces vit. Ds. This is

essential for building strong, well-shaped bones.
1.8. The burn
1.8.1. Introduction of burn

Burn injury of the skin is describing by the damage to skin tissue

from hot (scald, flash, fire, contact), electrical, chemical, sunlight, or
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different sources (Ye and De, 2017). Burns frame one of the most possibly
well-known reasons for morbidity and mortality around the world. They
can bring about critical distortion, physical impairment, work loss,

psychological issues, and extensive economic load (Girard et al., 2017).
1.8.2. Definition of burn

A burn is an injury to the skin or other organic tissue primarily
caused by heat or due to radiation, radioactivity, electricity, friction or
contact with chemicals. Skin injuries due to ultraviolet radiation,
radioactivity, electricity or chemicals, as well as respiratory damage
resulting from smoke inhalation, are also considered to be burns (Lal and
Sahu, 2017).

1.8.3. Degree of burn

Burn depth is generally categorized as first, second, or third degree.
The treatment of burns depends on the depth, area, and location of the burn,
as well as additional factors, such as material that may be burned onto or
into the skin (de Barros et al., 2017; James and Jowza, 2017) figure (1-15).

First-Degree Burns  Second-Degree Burns  Third-Degree Burns

.

/

3 . { o 1st degree
epidermis 1 % )

"
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dermis 4 .}

9 ®

\
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Superficial burns that only Burns that affect the outermost Burns that have killed the skin

' -
at affect the skin surface and second skin layer all the way to the fatty tissue
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Figure (1-15) Explain the degree of burn

) First-Degree burns:

Are superficial and only involve the outer layer of skin and mild
compared to other burns, figure (1-16). Signs to look for in determining a

first-degree burn include;

< Red and tender skin.

X3

*

Similar to a sunburn.

*

Heals over three to six days.

L)

& Second-Degree burn:

Referred to as a "partial-thickness" burn, a second-degree burn is
similar to a first-degree burn in that it also affects the outer layer of your
skin. The increased severity of a second-degree burn impacts the inner layer
of the skin and causes damage to that deeper layer, figure (1-16). Signs to

look for from second degree burns include:

s Skin will be red and blistered.
s Severe pain is present due to damaged nerve endings.

% Healing time can range anywhere from seven to 28 days.

Recovery from a second-degree burn can be impacted by several

factors:
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Age. Medical History.
Nutritional Status.
Location of the burn.

Size and depth of the burn.

Complications, such as infection.

9
@%%%%%%ﬂ\

Third-Degree burn:

Referred to as a "full thickness" burn and destroys the outer and inner

layer of the skin. Damage is extensive and can lead to scarring at the site of

the burn, figure (1-16). Signs to look for include:

¢ Limited or no pain at the site of the burn due to damaged nerves.

¢ A whitish or charred appearance that has a tough, leathery feeling.

«»  The outer edges of a third-degree burn are often second-degree burns.
Healing usually requires skin grafts and you should seek immediate

professional burn treatment in the event of a severe burn. Infection is highly

likely with a third-degree burn if you are not careful and treatment should

not be delayed.

Skin burn Classes

Superficial
(first degree)
bum

Full thickness
(third degree)
burn

First-degree Burn
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Figure (1-16) Degree of burn damage in comparing to normal skin tissue
1.8.4. Treatment of burn

In general, treatment options range from simply applying a cold pack
to emergency treatment to skin grafts. Although first-degree burns are not
as serious as higher-degree burns, but they can hurt quite a bit and can leave

a scar if not properly treated (Csenkey et al., 2019).

In first degree, it sample to treated it by 2 step; Cool Burn “Use
compresses if running water isn't available until the pain subsides” and

Protect Burn “Cover with sterile, non-adhesive bandage or clean cloth”.

In second degree, use cream or herbal medicine to decrease the

harmful.
In third degree, required immediately medicine surgical.
1.8.5. MSCs used for treated the burn

Gunshot injuries, explosions, chemical exposures, nuclear heat, and
any other agent of warfare can cause severe damage to the skin. Depending
on the type and extent of an injury, the body regenerates itself through the

process of wound healing, a dynamic process that involves SCs, progenitor



e

Chapter One: Introduction and Literature Review

cells, parenchymal cells, extra cellular matrix, blood cells and soluble
mediators in three phases: inflammation, proliferation and remodeling (Ude
etal., 2018).

The above processes can occur as long as any of the three layers of
skin remain. Third degree burns are considered full thickness and are the
most difficult to treat. These require the regeneration of the entire skin
structure. Apart from structural regeneration, restoring the function of the
original skin is critical. Improved understanding of wound healing
mechanisms has aided emerging tissue engineering technologies in the
generation of functional skin. The current method of split skin graft (SSG),
which costs over $50,000 to cover burn areas on up to 40% of an average
man, suffers from several limitations, such as donor site morbidity,
extended healing times and significant expense. Efforts to overcome these
limitations have led scientists to explore techniques for engineering skin
substitutes (Ude et al., 2018).

Multiple preclinical models have demonstrated the efficacy of MSC-
based treatments for promoting the repair and regeneration of thermal burns
and radiation exposure. These studies have reported more expedient wound
closure, decreased incidence of infection, increased vasculogenesis,

increased elasticity and reduced scar formation (Frueh et al., 2018).

Clinical evidence that MSCs play a natural role in human skin
regeneration has been documented. In one study, the number of MSCs
circulating in the peripheral blood of thermal-burn patients was quantified
and compared to the number of circulating MSCs in the blood of healthy
volunteers (Golchin et al., 2019). It was found that the percentage of
circulating MSCs in burn patients was greater than 20% compared to
healthy individuals, and the degree of increase correlated with the size and
severity of the burn (Churchman et al., 2020).
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In 2008, the US Armed Forces Institute of Regenerative Medicine
(AFIRM) began to harness stem cell technology to reconstruct new body
parts, including skin. Over 2250 million dollars in public and private funds
were allotted for the project’s first 5 years, with the National Institutes of
Health (NIH) teaming up with three other public universities for a
progressive developmental project. The results were encouraging (Sui et al.,
2018).

The US Army Institute of Surgical Research (USAISR) has also
developed a bio-engineered skin substitute for the treatment of burn patients
with severe, life-threatening wounds. This treatment, named Engineered
Skin Substitute (ESS), uses tissues made from autologous collagen-
producing cells to replace the two top layers of skin (Boyce et al., 2017).
ESS was developed in conjunction with the California-based biotechnology
firm Amarantus BioScience and Rutgers University. The use of the
patient’s own cells avoids the need for foreign substitutes, which lowers the
chances of infection, avoids the use of immunosuppressants and reduces the
number of surgeries required. USAISR has also investigated other
treatments for severe burns, including the ReCell Spray device for skin,
developed by British Avita Medicals (Girard et al., 2017; Mahmood et al.,
2019).

This technology distributes autologous healthy cells, proliferating
and suspended in a physiological solution, onto wounds after the removal of
dead cells. Surgeons at USAISR have also explored the science of
stratigraphy, involving the layering of skin cells developed from a patient’s

stem cells to grow new tissues (Tarassoli et al., 2018).
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2.1. Materials

2.1.1. Apparatus and equipment

Table (2-1): The main Apparatus and equipment were used in this

study;

Apparatus

Company and origin

Autoclave

K&K — Korea

Digital camera

Memmert — Germany

Electric oven

Binder — Germany

Incubator

Binder — Germany

Inverted microscope

Olympus — Japan

pH — meter

Fisher — USA

Disposable insulin syringes (1ml)

Hunan — China

Disposable syringes (5ml)

Hunan — China

Disposable petri dishes

Sterilin LTD — England

Forceps

Hide — Germany

Eppendorf tubes

Eppendorf — Germany

Micropipettes and tips

Island — Germany

Millipore filter, size 0.20um

Asahi — Japan

Plastic  tissue culture flask

(25cm?)

Jiangsu — China

2.1.2. Chemicals and biological materials:

Table (2-2): The main chemicals and biological materials were used

in this study;

Apparatus Company and origin
Absolute alcohol Hiclean — Iraq
Antibiotics (Ampicillin and streptomycin) vials | Abbott — USA
DMEM media US-Biological — USA
Fetal Bovine Serum Cellgro — USA
Dulbecco’s Minimum Essential Media medium | Bl — USA
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2.1.3. Laboratory animals

Eight of four to eight-weeks rat male (albino male) obtained from the
animal house of Biotechnology Research Center (Al-Nahrain University),
Baghdad, Iraq were used in this study. An average weight of rat was (220 g)
were used and maintained in a plastic cages under controlled conditions of

temperature (23 C°), water and food were given.
2.2. Methods

2.2.1. Preparation of solution for culture media
2.2.1.1. Antibiotics solutions:

Streptomycin: 1 g of streptomycin was dissolved in 5m1 triple distill

water, and 0.5m1 of it was added to 1 litter of culture media.

o Ampicillin: 1000000 1U of ampicillin was dissolved in 5ml triple
distill water, and 1ml of it was added to 1 litter of culture media.

o Amphotericin B (Freshney, 2000): it was a ready-made solution.
2.2.1.2. Phosphate Buffer saline (PBS) (pH 7.2):

This solution was prepared by dissolving the 10.8 g of PBS powder
in one liter of triple deionized water (triple DW). The solution was filtered
through a Nalgene filter 0.20 pm, and then stored at 4°C, prior to use PBS

was warmed to 37C°
2.2.1.3. Fetal Bovine serum (FBS):

Frozen Fetal calf serum was first warmed at 45 C° in a water bath,

and used for tissue culture media (Freshney, 2000).
2.2.2. Preparation of DMAM media

DMEM culture media was prepared mix 20ml of DMEM with 2ml
FBS and add 0.1ml Antibiotics solutions.
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2.2.3. Experimental design
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2.3. Induction of burns in Rat

The process most commonly used in small rodents to harvest bone
marrow requires the excision of the femurs and tibias, resulting in the death
of the animal. There are several methods to harvest bone marrow from rats
without killing the animal, but these tend to allow for the withdrawal of only
very small amounts of bone marrow - suitable mainly for microscopic
examination, but not for culture. The authors describe a simple and
minimally invasive technique for harvesting bone marrow from rats; the
procedure involves widely available equipment, does not require femur
excision, and allows the user to harvest quantities of bone marrow suitable

for culture.

First, we shave the hair in the thigh of rat. Then we take a piece of
metallic iron, heat it on the heater and put it on the area for about 15 seconds.
Then we left the rat without any treatment about 4 days, and then we started

the treatment.
2.4. Transplantation of isolated BM-Derived MSCs — into the burn site

We anesthetize each rat with an intraperitoneal injection of 60 mg/kg
ketamine with 6 mg/kg xylazine, and then place the animal in dorsal
recumbency. We then intubate the rat and ventilate it throughout the
procedure with 100% oxygen. We shave the anterior face of the thigh and
disinfect the area with ethanol. The investigator holds the rat’s leg firmly in
place with his or her left hand throughout the procedure. The investigator
then uses the needle to pierce perpendicularly through the thigh skin and
musculature on the anterior face, above the knee joint (avoiding the opening
of the joint; figure (2-1)) until it reaches the solid surface of the femur. With
the needle perpendicular to the bone, the investigator makes a hole in the
femur at the junction between epiphysis and diaphysis by a firm, rotating,

and grinding movement. Next, the investigator moves the needle so that it is



Chapter Two:Materials and Methods 30
2

almost parallel to the bone and inserts the needle into the diaphysis channel.

After attaching a syringe to the needle figure (2-1), the investigator advances

E 1)
gh above the knee joint

Figure (2-1) The needle pierces the anterior face of the thi
and is advanced into femur

it gradually up its cylinder (until the proximal epiphysis) by pushing and
rotating the needle as it moves up, periodically aspirating the marrow. To
prevent the coagulation of the diaphysis content one preloads the syringe
with 0.1 ml heparin (5,000 pg/ml). One repeats the diaphysis aspiration two
or three times, and the final volume of aspirate is ~0.6—1 ml, depending on
the size of the animal. The investigator then cleans and disinfects the wound,
and processes the bone marrow accordingly. One day after surgery the rat is
able to use the leg normally. Alternatively, one can section the anterior thigh
through the muscle down to the femur and pierce the bone with the needle
under direct observation, but that is a more invasive procedure that requires
suturing of the musculature and skin afterward. To confirm the presence of
the needle inside the femur’s diaphysis, we made radiographic images of the
leg, figure (2-2) at 52 kV/32 mA on a Medicor SR-2 machine (Medicor
Imaging, Charlotte, NC). We plated the bone marrow cells for culture in
DMEM with 10% fetal calf serum to obtain an MSC-like cell population.
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Figure (2-2) Radiographic image showing the needle inside the femu's diaphysis
while the animal is in a supine position (a) and while the leg is extended (b)
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3. Result

3.1 Isolation and Culturing of rat bone marrow derived MSCs:

After 7-8 days of passage 0, number of adherent cells increased
significantly and a colony formation unit of long spindle cells which were
uniformly distributed was observed. After 7-9 days, adherent cells increased
In number and gradually the morphology changed to polygon and spindle-
shape. After 12-15 days of passage 0 (P0O), a colony formation unit of
uniformly distributed long spindle cells were observed (Fig. 3-2), this result
agree with study by Friedenstein et al. (1976) have first demonstrated that
fibroblast-like cells could be isolated from bone marrow due to their inherent
adherence to plastic in culture. They described these cells as multipotential
stromal precursor cells, which were spindle shaped and clonogenic in culture
conditions, defining them as colony-forming unit fibroblasts (CFU-F).

The best candidate cells for this purpose are MSCs, because they are
multi-potent and have a high proliferative capacity. Because there is no
definitive marker to identify MSCs, the gold standard procedure to prove
their stem cell identify is their adherence on cell culture plates after isolation,

their expression of specific marker, and their differentiation potential to

osteoblasts, adipocytes and chondrocytes in vitro (Wang et al., 2017).

Figure (3-1) MSCs isolated from Rat bone marrow culturing on a flacon containing
DMEM 10% FBS viewed by inverted microscope (100X)
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3.2 Induction of severe burns and transplantation of rat BM-MSCs:

Severe burns were successfully induced using the modified method (fig
3-1), At 2021/01/21, in this day we were made burn in the surface of each
rat leg and keep them few days until pus appear, and in 2021/01/24, the pus
appear and then we start injection of MSCs treatment, and keep for few days
under watching. Figure (3-2).

Figure (3-2) Pre-injecti‘c')ﬁ k;reparations
1) At 2021/02/01, after one week of lookout, we saw improved in the

group of rat which treated with MSC which pus less. In contrast, the

control negative had no improved. Figure (3-3).

Figure (3-3) One week ago; A) Control negative (without treatment) B) Treated
with MSCs

2) At 2021/02/04, after two weeks of treatment, we lookout the pus
around the burn's area in the group MSCs were almost complete
disappearance. In contrast, group of control negative (without
treatment) had pus. Figure (3-4).
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Figure (3-4) Two weeks ago; A) Control negative (without treatment) B) Treated
with MSCs

3) At 2021/02/08, after half month of lookout, there was improved in the
treatment in the rat which inject MSCs where hair began to grow
again, but in control negative the hair wasn’t grow, and pus almost

disappearance. Figure (3-5).

Figure (3-5) Half month of treatment; A) Control negative (without treatment) B)
Treated with MSCs

4) At 2021/02/11, we saw the hair had grown in control negative, but rat

with MSCs make the burn's area small and grow the hair. Figure (3-6).
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Figure (3-6) After 18 days of treatment; A) Control negative (without treatment) B)
Treated with MSCs

5) At 2021/02/15, After two thirds of the month had passed, we saw the
rat with MSCs reached advanced stages in healing. In contrast the
control negative at this period burn's area decrease in size. Figure (3-
7).

Figure (3-7) Two thirds of the month; A) Control negative (without treatment) B)
Treated with MSCs

6) At 2021/02/25, about after one month of the treatment, the rat with
MSC make wound healing is almost complete, in contrast the control




Chapter Three: Results and Discussion 36

~

negative need more time to complete healing. Figure (3-8).

-

A

Figure (3-8) After one month of the treatment; A) Control negative (without
treatment) B) Treated with MSCs

3.3. Discussion

Normal wound healing is a dynamic and complex process that
involves a coordinated series of events, including bleeding and coagulation,
acute inflammation, cell transmission, proliferation, differentiation,
angiogenesis, epithelial remodeling, synthesis and remodeling of the
extracellular matrix (Netam et al., 2019). Many factors can impair wound
healing including infection, tissue hypoxia, necrosis, secretions, and
increased levels of inflammatory cytokines, which prolong one or more

stages of inflammation, spread, or remodeling (Coma et al., 2020).

Functional characteristics of BM-MSCs that may be of benefit in
wound healing include their ability to migrate to the site of injury or
inflammation, participate in regeneration of damaged tissues, stimulate
proliferation and differentiation of resident original cells, promote recovery
of injured cells through growth factor secretion and matrix remodeling, and
exercise Immunomodulatory and anti-inflammatory effects (Kucharzewski
etal., 2019).
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In this study, implantation of BM-MSCs was shown to have a
positive effect in promoting delayed wound healing. The main findings of
this study are the following (Al-Shaibani, 2018; Ashraf et al., 2019):

(1) Transplanted BM-MSCs either significantly migrated or found a

habitat for wound tissue and contributed to tissue cells;

(2) Implantation of BM-MSCs promoted and remodeling epithelial

remodeling.

(3) Transplanted BM-MSC:s significantly enhanced angiogenesis and cell

proliferation.

The wounds in our albino rat showed inflammatory properties, such
as purulent fluid, redness, and swelling. Intraperitoneal injection of BM-
MSCs can travel from muscles to injury sites in response to chemotropic
signals to modulate inflammation and contribute to tissue remodeling.
Several studies have found that grafted BM-MSCs can differentiate into
keratinocytes, epithelial cells and endothelial cells of the skin (Braid et al.,
2018).

The primary method for wound healing in humans is granulation
tissue formation and wound healing. Granulation tissue is essential for
wound healing, as it forms on the surface of wounds to protect and nourish
wounds, and it consists of fibroblasts, new blood capillaries and infiltrating

inflammatory cells (Tottoli et al., 2020).

This study was identical to each of the Lataillade in 2007 and follow
him Bey in 2010, looked at burn wounds induced by radiation therapy.
MSCs were shown to reduce inflammation and improve wound healing
(Lataillade et al., 2007; Bey et al., 2010). Building upon the application of
stem cells in irradiated human cutaneous burns, Zong et al, modulated SC
application with human beta defensing, explained by (Hao et al., 2009;

Zong et al., 2010). This was performed using adenovirus as vector.
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These modified stem cells illustrated antibacterial properties
advantageous in infected burn wound healing (Hao et al., 2009; Zong et al.,
2010). The transplanted stem cell therapeutic group also demonstrated a
faster rate to complete healing. This looked specifically at the
microorganism pseudomonas aeruginosa, which is a commonly seen

pathogen in burns patients (Hao et al., 2009; Zong et al., 2010).
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Recommendations
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4.1,

1-

Conclusions:

It is possible to isolate and culturing Rat bone marrow mesenchymal
stem cells (BM-MSCS) using adherent property of MSCS.

Dulbecco’s Minimum Essential Media (DMEM) can be used

successfully for isolation and maintenance of Rat BM-MSCS.

Bone marrow derived mesenchymal stem cells were successfully
interfere with accelerating healing process of in vivo induced burns
which maybe a hopeful process of using mesenchymal stem cells in
severe burns patients to accelerate their healing process preventing

them from exposure to infection.

BM-MSCS can be differentiated in to epithelial cells using to treated

the wound.
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4.2,

1-

Recommendations:

Investigation of the possible human mesenchymal stem
differentiation into epithelial cells lineage which may open a new
field in the clinical trials of using stem in damaged tissue treatments

in Irag.

Studying the possible role for the use of co-culture or conditioned

media methodologies for tissue engineering applications.

Using other new cells source to study the healing capacity of stem
cells like using the adipose tissue as a source of human mesenchymal

stem cells.

Stem cell research offers fresh phenomenal for improving new
treatments for debilitating diseases for which there are little or no
medicament. Stem cells likewise present another approach to
investigate major inquiries of science, for example, deciding the
essential mechanisms of tissue development and specialization,

which will be needed for the improvement of treatments.
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