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ABSTRACT 
 

The human body is a complex structure with the innate ability to protect, defend, repair, and heal 
after damage or disease. For decades, medicine has faced problems that need the evolution of 
standard treatments and finding a way to accelerate the regenerative capabilities of the body, which 
possibly would not just treat but also cure certain diseases that previously had no cure. The 
question researchers have pondered on is whether or not it was possible as humans to use the 
body's innate healing power to our advantage and clinically accelerate or modify it to upgrade the 
treatment of certain diseases. The answer they found was in Regenerative Medicine (RM).  
Historically the term regenerative medicine was found for the first time in a paper published in 1992 
by Leland Kaiser. He made a list of approaches that would impact the future of hospitals. However, 
it is widely believed to have been coined during a 1999 conference on Lake Como by William 
Haseltine in an attempt to describe a novel field of medicine that combined knowledge from subjects 
like cell transplant, biochemistry, nanotechnology, prosthetics biomechanics, tissue engineering, 
and stem cell biology. 
Regenerative Medicine is a relatively new field of clinical applications and research that is focused 
on the development of therapies like tissue engineering and stem cell technologies to repair, 
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regenerate or replace defective, aged, injured, diseased, or permanently damaged organs, tissues 
or cells in order to restore them to their normal function.  
It is important to note that RM has rapidly become one of the top treatment options for acute and 
chronic injuries, congenital diseases, and a wide range of acute and chronic diseases. It is more 
than just a field of medicine involving basic replacement therapies or traditional transplantation; it 
applies approaches like gene therapy, reprogramming of cell types, stem cell transplantation, and 
the use of soluble molecules, tissue engineering, and lots more. 
The review article focuses on the therapeutic effects of fibroblast growth factors (FGFs), adipose-
derived stem cells (ADSCs), and regulatory T cells (Tregs), and the possible role they play in tissue 
regeneration. They are apparently useful in the treatment of myriads of diseases expectedly having 
no cure.  
 

 
Keywords: Regenerative medicine; stem cells; T-cells (Tregs); adipocytes; fibroblast growth factors. 
 

1. INTRODUCTION 
 
Humans experience different events that could 
injure our bodies, from simple cuts to systemic 
diseases. It is crucial that we possess ways to 
heal damaged tissues. Tissue damage is simply 
an injury to a body tissue that causes an 
impairment of the function of the injured tissue 
[1,2]. 
 

There are two types of healing that can be done 
depending on the type of tissue damage: first-
intention healing and second-intention healing. 
First intention healing is done in a short amount 
of time and does not involve much inflammation 
or granulation tissue. This type of healing is done 
by wounds with relatively small connective or 
epithelial tissue damage like minor cuts, 
superficial stab wounds, or well-apposed surgical 
incisions. 
 

Second intention healing, on the other hand, 
takes longer to heal, and has a more intense 
inflammatory response, abundant fibrin and 
necrotic debris deposition, wound contraction, 
and granulation tissue. This type of healing 
occurs in wounds with margins not well apposed, 
such as ulcers, infarctions, burns, and large 
excisional skin wounds.  
 

In nature, only a few animals, after tissue 
damage, can completely regrow parts of their 
bodies (an example is an earthworm that 
regrows its head after bisection). Humans, 
compared to these animals, are sadly lacking in 
this ability. The human body heals after tissue 
damage mostly by repair rather than 
regeneration [3]. 
 

Healing after tissue damage can occur in two 
processes: Regeneration or Replacement/repair. 
Regeneration refers to healing that restores the 
continuity of the tissue at its original anatomical 

site through synthesizing its kind of cell. Repair 
refers to healing in which some specialized cells 
lay down connective tissue (granulation tissue 
that later becomes a scar) to heal severely 
damaged or non-regenerative tissues [4,5].  
 
Tissue repair has been noted to be more of an 
adaptation to loss, meaning that it restores some 
of the original architecture (epithelial layers) and 
function of the damaged tissue. However, it could 
also lead to various abnormalities in the structure 
(scarring) of the organ that can cause it to 
function less than it did prior to the injury [4]. 
 
Regeneration restores the normal structure and 
function of the organ while repair does not. Some 
types of tissue injury (like minor cuts) can be 
healed in a way that does not cause permanent 
damage. Self-healing of the body consists of 
both replacement and regeneration, with 
replacement being the more commonly chosen 
form of healing [5].  
 
The ultimate aim of regenerative medicine is to 
return the patient to full health as before tissue 
damage, or in cases where the normal functions 
were initially absent, like in congenital 
abnormalities, to give normal function to those 
tissues. Therefore, even as much as repair is 
invaluable and very important as a process of 
healing the body, the consequences of repair can 
be unpleasant and undesirable (internal/external 
scarring) [3,4]. 
 
Replacement or regeneration in wound healing 
depends on the type of tissue injury and the 
extent of the damage. Some tissues are more 
inclined to cellular proliferation (regeneration) 
than others. In this regard, there are three types 
of tissues: continuously dividing tissues, 
quiescent tissues, and non-dividing tissues                
(Fig. 1) [3,6]. 
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Fig. 1. Showing the three types of tissues, their regenerative potentials, where they are found, 
and how they divide [7] 

 
The Continually dividing tissues (also known as 
labile tissues) are cells that possess enormous 
proliferative and self-renewing abilities. These 
cells proliferate (continuously divide) to replace 
sloughed-off or dead cells. Some examples are 
stem cells (adult or embryonic), epithelia of the 
skin (stem cells in the basal layer), salivary gland 
tissue, basement membrane cells, hematopoietic 
tissues (CD 34+ cells), and epithelia of the small 
and large bowel (mucosal crypt cells). These 
cells asymmetrically replicate, giving rise to 
numerous types of cells; each stem cell gives 
rise to two daughter cells, one matures and 
differentiates while the other cell remains 
undifferentiated and is capable of starting 
another self-renewing cycle [7]. 
 
The next class is the stable cells, also known as 
quiescent tissues. These tissues are composed 
of cells that normally exist in a non-dividing state 
but could enter the cell cycle in response to cell 
injury stimuli. Quiescent tissues may heal without 
scarring/ by regeneration if the damage is limited 
and the injured tissue still has the scaffolding 
surrounding its cells intact (an example of this is 
the regeneration of the liver after partial resection 
by compensatory hyperplasia). Tissues in this 
category of cells are renal tubular cells, 
parenchymal cells of the pancreas, endothelial 
cells, hepatocytes, lymphocytes, and 
mesenchymal cells (smooth muscle cells and 
fibroblasts). 
 
The last class is called permanent cells (non-
dividing tissue). These cells cannot proliferate 

because they have permanently left the cell 
cycle. Examples of non-dividing tissues are the 
skeletal and cardiac muscles. Tissue repair in 
these tissues always leaves a scar [3]. 
 
True regeneration in which the tissue is restored 
to its original state is relatively infrequent in 
humans and is, as of now, a process relegated to 
certain animal species, mythologies, and sci-fi 
films. Earlier mentioned were two conditions that 
must be met for any tissue to undergo true 
regeneration, re-iterating them after explaining 
the different types of cells and adding a third; 
those conditions are:  
 
a. The capability of the damaged cells to 

proliferate.   
b. The intactness of the underlying stromal 

framework. 
c. The duration of the injury and inflammatory 

response. 
 
To expatiate on condition B, if a continuously 
dividing tissue undergoes damage and only the 
cells of its parenchyma are damaged, it can 
undergo regeneration. In contrast, if it is a non-
dividing tissue that undergoes damage or if the 
damage is so severe that it damages the 
underlying stromal framework as well as the 
parenchyma cells (which is what happens most 
times), even though that tissue is a continuously 
dividing tissue, regeneration would not be 
possible. In situations where regeneration is not 
possible, repair of the tissue occurs by depositing 
fibrous tissue in the defect. This is more of an 
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expanded definition of patching, not restoration 
[3]. 
 
There are so many therapies in the field of 
regenerative medicine, but the ones highlighted 
and reviewed in this article would be mainly 
fibroblast growth factors (FGFs), adipose-derived 
stem cells (ADSCs), and regulatory T cells 
(Tregs).  
 

2. FIBROBLASTS GROWTH FACTORS 
(FGFs) 

 
The proper functioning of a system within a 
multicellular organism relies greatly on proper 
communication within and between each cell. 
Proteins (paracrine/ endocrine) play a key role in 
proper communication between cells. Hence, it is 
safe to note that cell communication is restricted 
when a cell is injured. The healing of damaged 
tissues by either repair or regeneration is 
coordinated by diverse cytokines, differentiation, 
and growth factors. One of those growth factors 
is the fibroblast growth factors (FGFs), which are 
one of the important regulators in the 
regeneration and repair of damaged tissues [8,9]. 
 
FGFs regulate most aspects of organogenesis, 
physiology, and development of the organism 
from birth to regular maintenance of its tissues. 
They also potentiate other factors involved in 
regeneration to be expressed. They are involved 
in initiating/assisting different types of cells in 
their survival, adhesion, differentiation, 
proliferation (they can also negatively affect a 
cell's proliferation), migration, and metabolic 
activities. FGFs deliver information by 
synthesizing and secreting signalling molecules 
(through the RAS/MAP kinase, PI3 kinase/AKTz, 
or PLCγ pathway) into the extracellular space 
that would cause fibroblast growth factor 
receptors (FGFRs) to be activated [8,9]. 
 
Paracrine-acting FGFs are involved mostly in the 
repair of damaged tissues. Lately, the functions 
of endocrine-acting FGFs are being identified as 
relevant. An example is the Fgf15 (an endocrine-
acting FGF produced by epithelial cells of the 
intestines, although not found in humans), which 
has been noted by researchers Uriarte and 
Padrissa-Altes to be involved in stimulating the 
repair of an injured liver [8]. 
 

2.1 Subtypes and Family 
 

In 1974, FGF activity was discovered by 
Rudland, Seifert, and Gospodarowicz in partially 

purified extracts from bovine pituitary. In 1989, 
Burgess and Macaig isolated the acidic FGF 
(FGF1) and basic FGF (FGF2) from the brain 
and pituitary gland and noted them as fibroblast 
growth factors. FGFs are present in all 
multicellular animals. 
 

The communication system of FGFs comprises a 
family of signal transducing cell surface 
receptors, fibroblast growth factor receptors 
(FGFRs), co-receptors, a family of ligands, and 
the FGFs. The Human FGF has 23 members 
identified to belong to its family, and it has also 
been grouped into seven subfamilies through 
phylogenetic analysis and six subfamilies 
through gene location analysis. Additionally, it 
has four homologous FGF factors (FGF 
members that do not bind to FGFR: FGF11, 
FGF12, FGF13, and FGF14) and 8 FGFR 
ligands.  
 
The members of the FGF family are: FGF1, 
FGF2, FGF3 (INT2), FGF4, FGF5, FGF6, FGF7 
(KGF), FGF8 (AIGF), FGF9, FGF10, FGF11, 
FGF12, FGF13, FGF14, FGF16, FGF17, FGF18, 
FGF19, FGF20, FGF21, FGF22, and FGF23.The 
play important roles in cellular proliferation, 
migration, differentiation and angiogenesis 
(Table 1) [9,10]. 
 

2.2 Molecular Signal Pathways 
 

The binding of an activated FGFR to an FGF 
ligand enables the kinase activation loop to 
phosphorylate tyrosine residues at the cytosolic 
part of the FGFR, which would then become 
sites of attachment for numerous signalling 
proteins that would go on to potentiate different 
specific functions in the cell [10]. The most 
highlighted pathways are the PLCγ pathway, 
RAS/MAP kinase pathway, and PI3 kinase/AKT 
pathway [9,10]. 
 

2.3 Clinical Applications of FGFs 
 

FGFs can be used therapeutically for many 
diseases/wounds (acute and chronic) and have 
been found to have different degrees of success 
in treating those diseases. The repair of 
damaged tissues using FGFs has been 
researched for decades; however, it has not 
been widely used clinically until recently. Major 
clinical findings on the therapeutic effects of 
FGFs have shown its effectiveness in treating 
conditions like pressure ulcers, chronic wounds, 
vascular ulcers, burns, scleroderma, oral ulcers, 
aging (wrinkles), diabetic ulcers, and recessive 
dystrophic epidermolysis bullosa [9]. 
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Table 1. Showing the functions of various FGFs and their target cells [10] 
 

Function Subtypes Target cell 

Cell proliferation FGF1, FGF2 
 
FGF4 
FGF7, FGF10 
FGF18 

Preadipocytes, endothelial cells, epithelial cells, fibroblasts, 
neural stem cells. 
Trophoblastic stem cells. 
Epithelial cells. 
Osteoblasts, chondrocytes, osteoclast. 

Cell migration FGF2 
FGF4 
FGF7 
FGF8 

Astrocyte, myogenic cell 
Myogenic cells 
Epithelial cell, Keratinocytes 
Neural crest cells 

Cell differentiation FGF1,FGF2 
FGF7 
FGF20 

Neuroepithelial 
Keratinocytes 
Monkey stem cell 

Angiogenesis FGF1,FGF2 Endothelial cell 

 

 
 

Fig. 2. Schematic showing functions of FGF 
Source: Cellular Mechanisms of FGF-Stimulated Tissue Repair - PubMed (nih.gov) 

 
2.3.1 Therapeutic effects of FGFs on the skin 
 

FGFs can stimulate fibroblasts to proliferate and 
promote angiogenesis, suggesting that they 
could be used to heal skin wounds and facilitate 
re-epithelization. Macrophages present at sites of 
damaged endothelial cells and release FGF1 and 
FGF2 (speeds up the healing process and 
promotes scar-free healing) to help with 
angiogenesis of the wound. In contrast, FGF 7 
and FGF10 are released by the dermis around 
the site of damage and granulation tissue 
fibroblasts. They act on local keratinocytes to aid 
their stimulation, proliferation, and migration 
[8,10]. 
 
2.3.1.1 Burns 
 

The use of FGF2 in treating chronic wounds and 
burns was researched in 2005 by researchers 

Liu, Tan, and Jang. In their study, they divided 
patients into three separate groups: a chronic 
wound group (represented were: pressure ulcers, 
wounds that even after four weeks of routine 
treatment could not be healed, diabetic ulcers, 
residual granulation wounds, and sinuses) of 65 
people, a burn wound group (represented were:  
deep partial thickness burns and superficial 
partial thickness burns) of 62 people and a donor 
site wound group of 36 people. Participants in 
the three wound groups were treated with the 
standard treatment for burns and FGF2. 
Randomization (self-controlled) was applied to 
the donor site wound group and the burn wound 
group, comparing the same participants before 
and after the treatment. Participants in the 
control group were treated with the standard 
treatment and saline in equal amounts for each 
participant in the control group. The results 

https://pubmed.ncbi.nlm.nih.gov/34360000/#&gid=article-figures&pid=figure-3-uid-2
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showed that FGF2 greatly reduced the wound 
healing time for participants in the three wound 
groups compared to those in the control group 
[9]. 
 
A study was done in 2006 by a researcher 
named Guo. Randomization (self-controlled) was 
also applied in this study, including a control 
group and a treatment group (80 cases of deep 
partial thickness burn, some of them having a 
few superficial partial thickness wounds). In the 
treatment group, a gauze pad impregnated with 
FGF2 solution was applied to the debrided 
wound, which was then covered with another 
gauze pad containing 1% (w/w) silver 
sulfadiazine. In the control group, the same 
treatment method was given as those in the 
treatment group, but instead, the FGF2 was 
substituted with normal. The results showed that 
FGF2 greatly reduced the wound healing time for 
participants in the deep partial thickness burn 
wounds group in comparison to the control group 
(9.51 ± 1.86 days vs. 12.43 ± 2.03 days, p < 0.05 
for superficial partial thickness wounds and 18.36 
± 4.87 days vs. 22.35 ± 5.60 days, p < 0.01 for 
deep partial thickness wounds) [9]. 
 
2.3.1.2 Orthopaedic trauma wounds 
 

It has been observed that infection of skin grafts, 
grafted flaps, fresh skin defect wounds, and 
tissue necrosis may occur after an orthopaedic 
trauma surgery. Physicians have started applying 
FGF2 to both debrided and fresh necrotic skin 
wounds to reduce the time required to heal these 
wounds and severely limit the need for re-
grafting of the skin.  
 
In 2005, researchers Yao, Zha, and Zang 
investigated using an FGF2 biological protein 
sponge for traumatic skin ulcers. They used a 
sterile FGF2 biological protein sponge and 
applied it to 20 patients with traumatic skin 
ulcers. The primary outcome of their research 
was that within three weeks of applying the FGF2 
biological protein sponge, the wound healing 
time in the control group was 55% and 95% in 
the treatment group. It was shown as part of the 
findings that peri-wound inflammation, skin re-
grafting, and wound secretions were significantly 
reduced in the treatment group compared to the 
control group. It is important to highlight that 
neither of the groups experienced any obvious 
adverse effects. So it is safe to say that the data 
collected by these researchers support the 
motion that FGF2 biological protein sponges 
could reduce the healing time and effectively 

enhance healing in patients with traumatic skin 
wounds [9]. 
 
2.3.1.3 Pressure ulcers 
 
For a long time, there have been difficulties 
associated with the clinical care of patients with 
pressure ulcers. Pressure ulcers are extremely 
painful, could prolong a patient's illness's 
duration, and even progress to be fatal if sepsis 
from a secondary infection occurs. Treatment for 
pressure ulcers usually includes dressings, 
creams, ultraviolet heat lamps, solutions, 
ointments, ultrasonography, surgery, and 
innovative mattresses. 
 
In 1992, a researcher named Robson studied the 
treatment of pressure ulcers using FGF2. It was 
a blinded, randomized (placebo-controlled) trial 
with 50 patients with pressure ulcers (different 
sizes from 10 to 200 cm

3
). It was observed that 

the number of patients treated with FGF2 had a 
huge increase in their capillary and fibroblast 
numbers, and also, their ulcers were 70% 
reduced in size (60/100 vs. 29/100, p = 0.047) as 
compared to the patients treated with placebo 
[9]. 
 
2.3.1.4 Diabetic foot ulcers 
 
Diabetic foot ulcer (which can potentially lead to 
a diabetic-related disability) is a serious 
complication of diabetes and can cause the feet 
of the patient to develop ulcers, injuries, 
infections, or gangrene.  
 
In 2009, known diabetic patients were involved in 
a study that did a dose-ranging, double-blind, 
randomized (placebo-controlled) trial to clinically 
test the use of FGF2 for the treatment of diabetic 
foot ulcers. Diabetic foot ulcer patients were 
randomly put into a 0.001% (w/v) FGF2 
treatment group (n = 49), a placebo group (n = 
51), and a 0.01% (w/v) FGF2 treatment group (n 
= 50). The result of the study proved that FGF2 
significantly increases the healing rate of diabetic 
foot ulcers. Showing that there was a 75% and 
more reduction in the area of the ulcer in 57.5% 
(27/47), 72.3% (34/47), and 82.2% (37/45) in the 
placebo, 0.001% (w/v) FGF2 and 0.01% (w/v) 
FGF2 groups, with significant differences 
between the 0.01% (w/v) FGF2 treatment and 
placebo groups (p = 0.025). Cure rates were 
46.8%, 57.4%, and 66.7% in the placebo, 
0.001% (w/v) FGF and 0.01% (w/v) FGF2 groups 
[9]. These studies imply that FGFs could be an 
effective treatment option for various skin defects 
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in cases where conventional treatment choices 
fail. 
 
2.3.2 Therapeutic effects of FGFs on oral 

ulcers and dental tissues 
  
A relatively common and recurrent disease of the 
oral mucosa is the oral ulcer (which mainly 
involves the formation of non-specific             
ulcers caused by the dissolution, rupture, and 
shedding of the mucosal epithelium of the mouth) 
[9]. 
 
In 2013, a study was carried out investigating the 
use of FGF2 paste and topical application of an 
insoluble silicate (diosmectite; DS) to treat 
recurrent aphthous stomatitis (non-infectious, 
benign mouth ulcers). One hundred twenty-nine 
individuals with recurrent aphthous stomatitis 
participated in this study and were split into four 
groups according to the different groups of 
pastes. Paste 1 had FGF2 and DS, Paste 2 had 
DS alone, Paste 3 had FGF2 alone, and Paste 4 
had placebo. In comparison to the other pastes, 
Paste 1 significantly reduced the score for ulcer 
pain (p < 0.05 for days 3, 4, 5, and 6) and the 
size of the patient's ulcer (p < 0.05 for days 2, 4, 
and 6). It is also important to note that the 
researchers observed no obvious adverse 
reaction in participants [9]. 
 
A study was conducted in which researchers 
surgically made 2-wall, 3-wall, and furcation 
class II alveolar bone defects on beagle dogs 
and topically applied FGF2 to the artificial bony 
defects. After eight weeks following topical 
application of FGF2, the following findings were 
noted: 
 
● There is no root resorptions, ankylosis, or 

down growth of the epithelium observed.  
● Compared to the control group, the results 

in the treatment group had significant 
increases in the amounts of new bone and 
periodontal tissue formation with new 
cementum deposits in all places where 
FGF2 was applied. 

● FGF2 stimulation caused an upregulation 
of periodontal laminin mRNA levels 
(involved in angiogenesis), but there was a 
downregulation in type I collagen levels. 

 
This study showed that FGF2 could be used for 
periodontal tissue regeneration by highlighting 
that proliferation in periodontal tissue cells 
increased, and there was an inhibition of alkaline 
phosphatase (ALP) activities and the formation of 

mineralized nodules following FGF2 application 
[11]. 
  
Another study on periodontal tissues was a 
double-blind, multicentre randomized (placebo-
controlled) trial. In this study, researchers 
followed the guidelines of good clinical practice 
and highlighted that for the regeneration of 
periodontal tissues, FGF2 was ultimately 
efficacious and safe. They had a treatment group 
and a placebo group, and results showed that at 
36 weeks, the bone fill percentage in the FGF2 
group was higher compared to the placebo 
group, and no adverse effects were noted [9]. 
 
These studies imply that FGFs could be an 
effective treatment option for oral ulcers and 
diseases involving dental tissues in cases where 
conventional treatment choices fail. 
 
2.3.3 Therapeutic effects of FGFs on 

autosomal recessive dystrophic 
epidermolysis bullosa recessive (RDEB) 

 
This is an inherited mucous membrane and skin-
erosive/blistering disorder caused by a loss of 
function COL7A1 gene mutation (a mutation in 
this gene causes a decrease in collagen type VII 
and the dermal-epidermal junction to be 
defective, thereby destroying the attachment 
between the dermis and the epidermis). 
 
Dermal fibroblasts and basal keratinocytes 
secrete and synthesize Type-VII collagen, with 
the main secretors of anchoring fibril protein 
being keratinocytes. Currently, RDEB has no 
clinically effective treatments available [12]. 
 
The focus of studies is to develop new and 
effective RDEB treatments mainly on cell-based, 
gene, and protein therapies. However, it has also 
been observed that these studies, which use 
cultured keratinocytes, tend to have an increased 
risk for skin infections and ultimately lead to 
increased patient mortality. Following the 
outcomes of studies done on cultured 
keratinocytes, researchers have made it a point 
of focus to highlight that fibroblasts could be a 
better option to target in these therapies. 
Observe, for instance; the results got from two 
separate studies, where immunodeficient mouse 
skin (in study 1) and human RDEB skin (in study 
2) were injected with human RDEB fibroblasts 
with corrected COL7A1-gene that were 
overexpressing type-VII collagen. The control 
group was injected with normal human fibroblast 
(without any gene correction).  
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The results of both studies showed the 
effectiveness of the fibroblasts (normal and 
gene-corrected) in sustaining the deposition of 
human type-VII collagen at the DEJ and the 
formation of the anchoring fibril protein in both 
groups (treatment group and control group). 
However, findings in the treatment group were 
more significant. Nevertheless, it is quite 
intriguing that the control group, injected with 
normal fibroblasts, had a notable restoration of 
skin phenotype, as findings showed that the new 
type-VII collagen at the DEJ was sustained for 
several months [9]. These studies imply that 
FGFs could be an effective treatment option for 
RDEB in cases where conventional treatment 
choices fail. 
 

2.3.4 Therapeutic effects of FGFs on 
systemic sclerosis 

 

Systemic sclerosis (SSc), also known as 
scleroderma, is a group of rheumatic 
autoimmune diseases that causes pathologic 
remodeling of connective tissues, vasculopathy, 
scarring, and diffuse fibrosis of the skin and 
internal organs. Scleroderma is classified based 
on the extent and pattern of skin involvement. In 
limited cutaneous scleroderma, fibrosis is 
predominant on the face, arm, and hands. 
However, the progression of diffuse cutaneous 
SSc (dcSSc) is rapid and affects both the 
extremities and trunk of an individual with the 
disease. SSc occurs when there is excessive 
deposition of extracellular matrix protein 
(collagen type 1) and fibroblast production, 
disrupting the affected tissue’s structure. 
 
Activation of fibroblasts is one of the most 
important steps that lead to the development and 
progression of fibrosis. Much like the process of 
healing by repair, fibrosis develops because of 
the activation of fibroblasts, their proliferation, 
migration, and deposition of matrix proteins 
(collagen and fibronectin) into trauma sites. After 
repair, the myofibroblasts and fibroblasts 
activated during the repair process are cleared 
through a mechanism that’s still unknown, but in 
diseases like scleroderma, the activated 
myofibroblasts and fibroblasts remain. Initiating 
the enhanced secretion of growth factors like 
connective tissue growth factor (CTGF; CCN2) 
and FGFs, which create an ECM-rich pro-fibrotic 
environment [13]. In the treatment of SSc, 
therapies are focused more on alleviation rather 
than limiting its progression or curing it entirely.  
 
In a study done using single-cell RNA 
sequencing to reveal each cell's unique identity, 

researchers collected skin samples from 95 
volunteer patients with SSc (study group) and 48 
healthy (control group). The researcher in the 
study group identified a specific subset of 
fibroblasts that had a sharp drop in its 
concentration in the early stages of SSc and a 
continuous reduction in concentration over the 
course of the progression of the disease. The 
subset of fibroblasts they identified was named 
Scleroderma-Associated Fibroblasts, also known 
as scaffolds (ScAFs). 
  
The researcher in the control group still had their 
ScAFs present, and it was observed that these 
ScAFs accounted for nearly 30% of all 
fibroblasts. With these findings, researchers 
could conclude that a possible therapy that could 
significantly reduce/limit the progression of SSc 
could be developed with a sufficient and 
appropriate understanding of ScAF- related 
signalling pathways [14]. These studies imply 
that FGFs could be an effective treatment option 
for SSc in cases where conventional treatment 
choices fail. 
 
2.3.5 Therapeutic effects of FGFs on nerves 
 
Compared to nerves of the peripheral system 
(PNS), neurons in the central nervous system 
(CNS) do not possess many regenerative 
abilities (because glial cells are quick to develop 
gliotic [scar-like] tissue), and this becomes one of 
the main issues related to healing/cure when 
patients develop CNS injuries [8]. 
 
Researchers have noted that astrocytes 
stimulate the production of soluble form FGF2 
and matrix-bound FGF2 in the blood-brain 
barrier. These FGF2 cells have both autocrine 
and paracrine effects that potentiate the stellation 
and proliferation of astrocytes and hence have 
neuroprotective capabilities [15].  
 
In addition, a study done in 2006 (Grothe et al.) 
and reviewed in 2002 by Werner and Alzheimer 
showed that after traumatic, ischemic, and 
metabolic nerve injuries of the hippocampus, 
FGF2 was important for the potentiation of 
neurogenesis and also functioned as a regulator 
for the repair and protection of neurons. 
  
A regenerative study was carried out on the 
peripheral nerves of mice (in vivo and in vitro). 
The study involved implanting FGF2 (in a 
polymer tube) through a 15mm gap in the sciatic 
nerve of the mice [16]. The trial's outcome was 
that they could regenerate the nerve cables 
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bridging nerve stumps (in vivo), and the release 
of FGF2 with biological activity was sustained 
[10]. 
 

Researchers also checked the therapeutic 
effects of FGF2 on facial nerve injuries, 
cerebrospinal fluid leaks, and age-related 
atrophy of the vocal cord.  
 

● In the trial on facial nerve injuries, FGF2 
embedded in an anionic gelatine medium 
was implanted into the intra-temporal facial 
nerve of patients in the treatment group. 
The trial outcome six weeks after showed 
significant improvements in facial 
movements, histological plus 
electrophysiological appearance, and 
general functions of the facial nerve in the 
treatment group [10,17]. 

● In 2005, a case of a patient with a surgical 
history of relapsing Rathke cleft cyst who 
presented with intractable cerebral spinal 
fluid rhinorrhoea was reported (Kubo et 
al.). Physicians used an endonasal 
endoscopic approach to repair the patient's 
sellar floor using mucosal flaps. The fistula 
was occluded through the application of 
FGF2, which helped potentiate granulation. 
Repeated application of FGF2 
endoscopically to the mucosal flaps was 
done, and this enabled the flaps to turn 
into granulation-like tissue and attain the 
desired result of complete coverage of the 
mucosa [9]. 

● A case of a patient with glottal insufficiency 
(age-related atrophied vocal cords) was 
reported in 2008 (Hirano et al.). This 
patient was treated by injecting FGF2 into 
the vocal folds. The results after a week 
showed the disappearance of the glottis 
gap and significant improvement in the 
vocal fold [9]. 

 

3. ADIPOCYTES 
 

Regeneration of tissues using adipose tissue is 
an emerging branch in regenerative medicine. 
The reason why adipose tissue, more specifically 
adipose-derived stem cells (ASCs), is used in 
tissue regeneration is that these cells release 
growth factors that decrease inflammation 
regulate the immune system, and perform a 
range of important cellular functions that 
eventually aid complete healing of damaged 
tissues (leaving behind no scars whatsoever).  
 
The therapeutic uses of adipose tissues have 
been noted for the treatment of diseases like 

psoriasis, pulmonary fibrosis, acute respiratory 
distress syndrome (ARDS), systemic lupus 
erythematosus (SLE), asthma, osteoarthritis, 
chronic obstructive pulmonary disease (COPD), 
non-small lung cancer, degenerative vertebral 
disk disease, ischemic heart disease, atopic 
dermatitis, neurodegenerative disorders (such as 
amyotrophic lateral sclerosis, Huntington, 
Alzheimer and Parkinson's) and diabetes [18,19]. 
 
There are four types of Adipose tissue 
(distinguished by the color of the adipose tissue): 
Brown adipose tissue (BAT), white adipose 
tissue (WAT), pink adipose tissue, and beige 
adipose tissue. White adipose tissue (made up of 
monocular adipocytes and lipid storage cells) has 
many endocrine receptors (like glucocorticoids, 
insulin, norepinephrine, and sex hormones), and 
they function as one of the main regulators of 
homeostasis and metabolic physiology [20,21]. 
The development of WAT (differentiated through 
the transcriptional cascade from undifferentiated 
preadipocytes) in humans starts around the mid-
gestation period. Nuclear receptor peroxisome 
proliferator-activated receptor-γ (PPARγ) is a 
protein that promotes gene expression, regulates 
members of the CCAAT/enhancer-binding 
protein family, and regulates the process of WAT 
differentiation and the metabolism of glucose and 
storage of fatty acid. PPARγ is a highly required 
protein for the maintenance of adipocytes and 
the process of angiogenesis [21]. 
 
Usually, there are two major locations in the 
human body where WAT can be found. These 
areas are the intra-abdominal and subcutaneous 
(directly below the skin) areas of the body. The 
WATs found in the subcutaneous area mostly 
consist of single adipocytes. It is also important 
to note that the percentage of healthy WAT in 
humans depends on various factors. However, 
the approximate gender values range from about 
14-35% for adult women and 6-25% for adult 
men [21]. 
 
White adipose tissue helps thermoregulation, 
regulates endocrine communication, and is 
critically important for insulin sensitivity and 
energy storage. It was initially thought that the 
mechanism of action for WAT energy storage 
was breaking down fat into fatty acids (a fuel 
source for muscles) because of the activation of 
the dephosphorylation cascade by insulin 
receptors of WAT cells after receiving signals 
from insulin released from the pancreas, which 
then causes the inactivation of hormone-
sensitive fats cells .It has been proven that the 
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previously noted mechanism of action is wrong 
because glucagon acts solely on the liver; hence, 
the evidence supporting the claim that glucagon 
affects WAT lipolysis is unfounded. Instead, the 
mechanism of WAT energy storage is thought to 
be mediated by noradrenaline, 
adrenocorticotropic hormone, and adrenaline [21, 
22]. White adipose tissues are also what make 
up most of the adipose-derived stem cells. 
 
Brown adipose tissue has many functions in 
humans, such as improving bone density, insulin 
sensitivity, and adaptive thermogenesis through 
the expression of UCP1 in specific tissues .UCP1 
is stimulated by β-adrenergic receptor activation 
and functions in the mitochondria, and uncouples 
the respiratory chain of oxidative phosphorylation 
and glucose homeostasis [23]. The development 
of BAT cells starts from the paraxial mesoderm 
(middle layer of the trilaminar disc). Note that the 
paraxial mesoderm is also the layer that gives 
rise to muscle cells (myocytes). Hence it is not 
confounding that both BAT cells and myocytes 
can activate the myogenic factor 5 (Myf5) 
promoter involved in the development of many 
tissues.  
 
A study was done using the PRDM16 
transcription factor as a culture medium on BAT 
and myocytes. BAT cells cultured without 
PRDM16 transcription factor converted to 
myocytes, and myocytes cultured with PRDM16 
converted to BAT cells [24]. 

Previously, BAT in humans was thought to exist 
only during infancy around organs (trachea, 
pancreas, and kidney) and in suprarenal, 
interscapular, para-aortic, supraclavicular, and 
pericardial areas. Evidence from imaging studies 
done in 2007 revealed that a few metabolically 
active BAT were present in adults in suprarenal, 
para-aortic, and paravertebral (thoracic and 
supraclavicular) regions. A huge prevalence of 
BAT in adults is an anomaly and exists as a 
tumor called hibernoma. the percentage of BAT 
that can be detected in adult humans depends 
on various factors. However, it has been noted 
that women generally have more BAT cells than 
men [24,22]. 
 
In 2014, Pink adipocytes were discovered                  
in the subcutaneous WAT of pregnant female 
mice (17-18 days gestation). These adipocytes 
persisted through the periods of lactation and a 
few weeks post-lactation. Pink adipocytes are 
derived from WAT milk-secreting alveoli cells 
(they have epithelial-like features that help them 
form milk) that look slightly pink. Pink adipocytes 
have structures similar to the architecture of 
epithelial cells because they possess abundant 
organelles (mitochondria, peroxisomes, and 
rough endoplasmic reticulum), cytoplasmic 
projections, and compartmentalized lipid 
droplets. No study has been done to indicate if 
pink adipocytes exist in humans, but it is for a 
fact that they exist trans-differentially in rodents 
[25]. 

 

 
 

Fig. 3. Showing the different types of adipocytes and their properties [22] 
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Beige adipocytes can form by trans-
differentiating WAT cells or can develop from 
specific subsets of preadipocytes (found within 
WAT cells below the skin). They have characters 
of both BAT and WAT cells [26-28]. They 
generally have significantly increased lipid 
droplet proportion and size variation compared to 
WAT cells, giving it its slightly brown color [29]. 
 

4. STEM CELLS 
 
Stem cells are considered the body's raw 
materials, and are basically the foundation of 
every specialized tissue and organ in a 
eukaryotic organism [30,31]. Researchers have 
found out that stem cells can make copies of 
themselves (self-renewal), generate new cell 
types, and differentiate into specialized cells with 
specific functions (osteoclasts, myocytes, 
neurons, blood cells, etc.). The abilities of stem 
cells have not been found in any other cell in the 
body [30,31]. Stem cell research is a high-yield 
research topic in modern biology, and these 
studies hope and help to understand more about 
stem cells and how they can be medically 
beneficial now and in the future [19]. Stem cell 
types are classified according to the body's 
formation or origin. The types of stem cells are 
perinatal stem cells, embryonic stem cells (ESC), 
somatic/adult stem cells (ASC), and induced 
pluripotent stem cells (iPSC) [30,31]. 
 

4.1 Perinatal Stem Cells (PSC) 
 
These were discovered recently by researchers, 
and are found in the blood of the umbilical cord 
and the amniotic fluid (the fluid surrounding a 
fetus) after carrying out amniocentesis on 
pregnant women in a study [31]. Little research 
has been done on these types of stem cells, so 
little is known. 
 

4.2 Embryonic Stem Cells (ESCs) 
 
In 1998, researchers carried out a stem cell 
study on human embryos from consenting 
donors who went through in vitro fertilization and 
no longer needed the embryos for reproductive 
purposes. This led to the discovery of a group of 
stem cells that were later named 'embryonic 
stem cells, found in the inner cell mass of the 
blastocysts (which is formed 3-5 days after 
fertilization) [30,31]. The results after growing 
these stem cells under specific laboratory 
conditions (mixing with growth factors), similar to 
the normal development of an embryo, meaning 

that they found these cells to be able to divide 
and form different types of cells. The summary is 
that embryonic stem cells are pluripotent, leading 
to future expectations for their therapeutic uses 
(cure and hopefully the regrowth of organs). 
Although research on ESC is limited because of 
ethical guidelines created in 2009 by the National 
Institutes of Health (guidelines detailing the 
acceptable procurement of embryos for research 
purposes), there are available ESC therapies for 
certain diseases like muscular dystrophy,              
loss of vision, diabetes, diseases of the heart, 
hearing loss and spinal cord injuries [31,32,         
33]. 
 

4.3 Adult Stem Cells (ASCs) 
 
Adult stem cells, also known as tissue-specific or 
somatic stem cells, are undifferentiated stem 
cells found in specific tissues in the body. In 
1948 scientists extracted the first ASCs and used 
them to produce blood. Though ASCs are 
undifferentiated cells, they are generally found in 
specialized tissues (like the brain, bone marrow, 
skin, muscles, adipose tissues, gut, and 
muscles), and not only do they function to 
generate cell types of their resident tissues 
during repair but they can generate other types 
of tissues as well (trans-differentiation). ASCs, 
compared to ESCs, are generally present in 
small numbers and are limited in their self-
renewal and differentiation abilities, thus 
reducing the scope for their therapeutic use [31, 
32]. 
 
In about half a century, scientists have used 
ADCs (peripheral blood and bone marrow 
transplants) in treating diseases like                    
lymphoma and leukemia. It was also noted in a 
study done on animals with heart failure that their 
heart function was improved after the injection of 
ADC heart cells, and survival time increased    
[33]. The types of ASCs are 
stromal/mesenchymal stem cells (MSC), 
epithelial stem cells, blood stem cells 
(hematopoietic stem cells), skin stem cells, and 
neural stem cells [31,32]. 
 

4.4 Induced Pluripotent Stem Cells 
(iPSCs) 

 
The history of iPSCs started in 2006 when 
various conditions that could aid the genetic 
reprogramming of ASCs to assume an ESC-like 
state (mimicking the properties of an ESC) 
started. 
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In 2007, induced pluripotent stem cells were 
discovered, and these are laboratory-created 
pluripotent stem cells made from the process of 
introducing embryonic genes into a tissue-
specific cell and causing it to become 'stem cell-
like.' [33]. 
 
Apart from the cost and general difficulties 
associated with using ESCs, while using donor 
ESCs to treat a patient, the patient would need to 
be on lifelong immunosuppression or have 
issues with histocompatibility. Since iPSCs are 
basically laboratory-engineered ESC-like cells, 
the use of iPSCs is more conducive to treating 
diseases. However, there is only a limited 
understanding of iPSC, and further research is 
still ongoing [30,34]. 
 

4.5 Mesenchymal Stem Cells (MSCs) 
 
Mesenchymal stem cells are types of ASCs, and 
it is a canopy term that refers to stem cells from 
the surrounding connective tissue of 
tissues/organs (stroma). MSCs can be grown 
from cord blood and adipose cells, but they were 
first found in the bone marrow and had 
immunological and stem cell properties. MSCs 
differ based on how they were isolated,                 
where they came from, or how they are grown 
[30]. 
 
MSCs can differentiate into cells like muscle 
cells, osteocytes, connective tissue, and 

adipocytes; this differentiation depends on where 
these cells are located. It has been theorized that 
MSCs come from preadipocytes (the precursor 
cell of adipocytes); this has led scientists to 
believe that it gives MSC the ability (based on 
stimuli) to differentiate into brown or white 
adipose cells.  
 

4.6 Adipose-derived Stem Cells (ADSCs) 
 
These are multipotent white adipose tissue 
MSCs, known for their easy adherence to plastic 
flasks and effective in-vitro expansion 
capabilities. These cells also possess anti-
apoptotic, anti-fibrotic, immunomodulatory, and 
anti-oxidative abilities, as well as the ability to 
differentiate into a wide variety of cells 
(neurocytes, myocytes, hepatocytes, osteocytes, 
chondrocytes) from the ectoderm, mesoderm or 
endoderm, offering the potential to maintain, 
repair or enhance any tissue [35,36]. 
 

Compared to bone marrow MSCs, plastic 
surgeons and researchers prefer ADSCs 
because they are extremely abundant in the 
human body. The extraction procedure is 
minimally invasive and is more suitable for 
allogenic transplantation (less donor site 
morbidity) [37,38]. The therapeutic uses of 
ADSCs vary from aesthetic purposes to the 
treatment of pathologies. Preferred sources of 
ADSCs are subcutaneous adipose tissues of the 
arms, abdomen, and thighs [19]. 

 

 
 

Fig. 4. Showing the differentiative potential of ADSCs 
Adipose-derived stem cells: Sources, potency, and implications for regenerative therapies - Source: Science 

Direct 

https://www.sciencedirect.com/science/article/pii/S0753332219307346?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0753332219307346?via%3Dihub
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4.6.1 Identification of ADSCs 
 
In 2006, the International Federation for Adipose 
Therapeutics and Science (IFATS) and the 
International Society for Cellular Therapy (ISCT) 
stated three minimum criteria for ADSC 
identification, and these are:  
 

(1) Adherence to plastic 
(2) Expression of CD105, CD73, and CD90 

but lack of expression of human leukocyte 
antigen-DR (HLA-DR), CD19, CD14, 
CD117, CD34, CD79a, CD11b, or CD45 
on flow cytometry analysis 

(3) They must be able to differentiate into 
preadipocytes, chondrocytes, and 
osteoblasts [39].  

 
The immunophenotype of bone marrow MSC is 
>90% identical to the immunophenotype of 
ADSCs, with both types of stem cells expressing 
positive surface markers for CD73, CD44, 
CD105, and CD90 and negative for surface 
markers CD31 and CD45. The difference is that 
ADSCs also express CD49d and CD34, while 
bone marrow MSCs do not [35,38]. 
 
4.6.2 Immunomodulatory properties of 

ADSCs 
 
ADSC's immunomodulatory abilities are still 
being researched. However, it is noted that due 
to their low expression and lack of major 
histocompatibility complex class I and II, their 
phenotype is hypoimmunogenic (less immune 
recognition) [40]. ADSCs are still noted to have a 
more powerful effect on the suppression of an 
immune response than MSCs from other tissue 
sources because they secrete cytokines in 
amounts greater than other MSCs can       
secrete. 
 
In situations of allogeneic HLA mismatch, 
ADSCs, due to their low level of 
hypoimmunogenic phenotypes, are able to 
suppress the allo-proliferation of T cells and 
inhibit the proliferation and differentiation of B 
cells ADSCs may also potentiate the proliferation 
of a subset of CD5 + regulatory B cells (these 
cells secrete an anti-inflammatory cytokine called 
IL-10) that go on to inhibit inflammatory cytokine 
production by activated T cells proving the 
potential therapeutic use of ADSCs for the 
treatment of autoimmune diseases. 
  
In a 2009 study (González et al.), an example of 
ADSCs immunologic effect was observed after 

injecting human ADSCs in mice with collagen-
induced arthritis. The observed findings of the 
study were the production of IL-10 in joints and 
lymph nodes of the mice and the decrease in 
antigen-specific Th1/Th17 cell proliferation levels 
[40]. 
 
4.6.3 Immunomodulatory therapeutic effects 

of ADSCs in the treatment of immune 
thrombocytopenia (ITP) 

 
Immune thrombocytopenia (ITP) is a 
multifactorial acquired autoimmune platelet 
characterized by abnormally decreased survival 
time and platelet count in the blood. Platelets are 
responsible for clotting the blood, but in ITP, 
macrophages in the spleen phagocytose and 
destroy antibody-coated platelets (PLTs), 
resulting in a loss of immune tolerance as well as 
excessive bleeding of the skin, viscera or 
mucosa, and persistent bruising of individuals 
with this condition [41,42]. 
 
ITP is more prevalent in women than men, and it 
is one of the top 3 chronic hemorrhagic disorders 
in women, with 11-24% resistant to standard 
treatment. The genetic factors for ITP include 
polymorphisms in FCγ receptors, MHCs, pro- 
and anti-inflammatory cytokines, pro- and anti-
inflammatory receptors and/or transcription 
factors.  
 
The environmental factors for ITP, as noted from 
cross-sectional studies of patients with ITP, 
include previous/current infections with Epstein-
Barr virus (EBV), Human immunodeficiency virus 
(HIV), Cytomegalovirus (CMV), Helicobacter 
pylori, and Hepatitis C virus (Hep C). The 
immunologic factors of ITP include dysfunctional 
natural killer cells, dendritic cells and 
macrophages (innate immunity), and 
dysfunctional adaptive immune cells (both T & B 
cells), but most importantly, the subset Treg 
(CD4+CD25+Foxp3+ regulatory T) [41,42]. 
 
Several studies have been carried out on the 
treatment of ITP using ADSCs with relatively 
successful results. In 2011, a study was done by 
researchers Ling Mai, Baijun Fang, Yongping 
Song, and Ning Li on seven adult chronic 
refractory ITP patients and ten adult healthy 
volunteers (five males, five females from ages 
23-47 years).Characteristics of the seven 
patients are: 
 

i. Four males and three females from ages 
21 to 45 years.  
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ii. Each has had ITP for 14-74 months and 
was previously treated with 4-8 of the 
standard treatment (cyclophosphamide, 
cyclosporine, splenectomy, azathioprine, 
prednisone, danazol, intravenous immune 
globulin, T cell-depleted autologous 
peripheral blood stem cell transplantation, 
and vincristine). They all had a history of 
one or more events of major hemorrhages.     
The seven chronic refractory ITP patients 
were intravenously administered at a dose 
of 2.0×10

6
/kg with ADSC from 

haploidentical family donors. After the first 
week of treatment, the first response was 
recorded, and it showed that: 

iii. Four out of the seven patients had a 
sustained response after a single course of 
ADSC without any further therapy during 
follow-up  

iv. Three out of the seven patients had a 
relapse within six months after the first 
treatment with ADSC, but when ADSC was 
administered to them the second time, they 
responded better.  

 
The results showed that all patients reached the 
overall response with these patients (in 
comparison to findings in patients with active ITP 
not in this study) having their serum levels of IL-
10, IL-4, and transforming growth factor β1 
(TGF-β1) significantly elevated. Serum levels of 
IL-2 and interferon-γ (IFN-γ) significantly reduced 
after ADSC administration. During follow-up, the 
cytokine profiles in patients maintaining 
sustained response remained stable compared 
with the post-treatment level. However, IFN-γ 
and IL-2 levels significantly increased, and those 
of TGF-β1, IL-4, and IL-10 were significantly 
reduced in relapsed patients. The findings of this 
study supported the motion that ADSC therapy 
can serve to treat severe chronic refractory ITP 
by causing a shift to normal in the            
cytokine balance of Th1/Th2 cells in these 
patients [43]. 
 
In another study done in 2009 (Fang et al.) [44] 
using ADSCs therapeutically for chronic ITP, 
complete hormone-independent platelet 
remission was achieved a few weeks after the 
injection of donor ADSCs but relapsed three 
months later. Another study done on models for 
murine transplantation models indicated that 
there was an increase in Th3 (TGF-β1), Th2 (IL-
4 and IL-10), and platelet levels but a decrease 
in the levels of Th17 (IL-17) and Th1 (IL-2 and 
IFN-γ) in ITP mice that were treated with ADSCs 
[42,45]. These studies imply that ADSC could be 

an effective treatment option for ITP in                      
cases where conventional treatment choices         
fail. 
 
4.6.4 Immunomodulatory effects of ADSC in 

the treatment of pure red cell aplasia 
 
In 1922, pure red cell aplasia (PRCA) was 
described by Paul Kaznelson as a rare type of 
aplastic anemia (normocytic normochromic 
anemia) that affects erythroid/red blood cell 
(RBC) precursors in the bone marrow and 
causes them not to produce RBCs (due to their 
absence) leading to severe reticulocytopenia. It 
is important to note that PRCA differs from other 
anemias because the only cells affected are 
RBCs the serum levels of other blood 
components are normal [46,47]. 
 
PRCA can be inherited/congenital, acquired, or 
transient, and it more commonly presents in 
males than females. The congenital form of 
PRCA is called Diamond-Blackfan anemia 
(diagnosis is usually made before one year of 
age). Children with this anemia have apparent 
physical abnormalities [48]. 
 
The acquired form of PRCA can either be 
primary acquired or secondary acquired. The 
primary acquired form is usually antibody (ABO) 
mediated as in, the PRCA gotten after ABO-
incompatible hematopoietic stem cell transplant 
(AB-HSCT) believed to be caused when residual 
iso-hemagglutinins of the receiver inhibit donor 
erythroid progenitors. The secondary form of 
acquired PRCA is usually associated with 
autoimmune/vascular collagen disorders (like 
rheumatoid arthritis, chronic lymphocytic 
leukemia, systemic lupus erythematosus (SLE), 
or large granular lymphocyte leukemia), solid 
tumors (thymoma), drugs, common variable 
immunodeficiency (CVID) and viral infections, 
especially parvovirus B19 [49,47]. 
 
Transient PRCA is generally the most common 
type of PRCA. It is similar to the secondary form 
of acquired PRCA, with the only difference being 
that the course of the anemia is transient, 
meaning that the anemia goes away after the 
causal disease is treated. It is also less severe 
than other times, and sometimes patients may 
recover without knowing they had PRCA [50]. 
Generally, immunosuppression is the approach 
to treating PRCA, and it is known that ADSC also 
possesses immunomodulatory functions hence 
its use in treating this condition as indicated in 
the studies [47].  
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A study was done on two patients who 
developed PRCA after AB-HSCT. The patients 
were given intravenous infusions of ADSC at a 
dose of 1.5 × 10

6
/kg of their weight as the 

treatment approach. The results showed that 
both patients experienced rapid recovery from 
PRCA without any side effects a few weeks after 
the infusions with ADSC [49]. 
 
Another retrospective study done between April 
2004 and February 2006 successfully analyzed 
two patients (25- and 16-year-old females) that 
presented with refractory PRCA after undergoing 
AB-HSCT. A transplant of ADSC at a dose of 
1.0×106/kg was given to both patients. The 
results showed no side effects and rapid PRCA 
recovery [51]. These studies imply that ADSC 
could be an effective treatment option for PRCA 
in cases where conventional treatment choices 
fail. 
 

5. DISEASES THAT CAN BE TREATED 
WITH ADSCs 

 

ADSCs are the most commonly opted treatment 
approach for treating many diseases of the 
respiratory system like Idiopathic pulmonary 
fibrosis (IPF), asthma, acute respiratory distress 
syndrome, non-small cell cancer, and chronic 
obstructive pulmonary disease (COPD) [52]. 
 

5.1 Therapeutic Uses of ADSCs in 
Idiopathic Pulmonary Fibrosis (IPF) 

 

IPF is a type of fibroproliferative interstitial lung 
disease that is characterized by injuries that are 
chronic, progressive, irreversible, and fibrotic in 
nature. In IPF, there is a replacement of normal 
healthy lung tissues with damaged alveoli and 
destroyed extracellular cell matrixes. This leads 
to respiratory failure due to a reduction in lung 
compliance and disruption in the gas-exchange 
properties of the lung [53]. It is important to 
highlight that CT imaging of IPF presents similar 
to imaging of interstitial pneumonia (traction 
bronchiectasis with honeycomb and reticular 
opacities spread around basal and subpleural 
regions). However, interstitial pneumonia 
generally has more heterogeneous structural 
deformation and interstitial fibrosis than IPF .The 
prognosis and life expectancy of a patient with an 
untreated case of IPF is approximately 3–5 
years. Available standard treatments do not 
effectively cure the disease but increase life 
expectancy [54]. 
 

ADSCs have shown successful results in therapy 
for patients with IPF. Its therapeutic mechanism 

is believed to be a result of its ability to produce 
interleukin (IL-1, IL-6, IL-8) receptor antagonists 
and hepatocyte growth factors (HGF) which 
serve as biochemical factors to limit the 
damaging effects of repeating intra-tracheal 
installations in bleomycin-induced lung fibrosis 
(BLM). It decreases the amount of thickened 
sputum, TGF-β levels, inflammatory cell 
infiltrations, alveolar epithelial type 1 cell (AEC) 
and Clara cell hyperplasia, alveolar enlargement, 
and apoptosis [53,55]. 
 
In Greece, a non-randomized, phase Ib, no 
placebo-controlled, clinical trial was conducted 
on 14 IPF patients (with mild to moderate 
disease intensity) by a group of researchers from 
the department of pneumology at Democritus 
medical university for 12 months. The patients 
were administered three endobronchial infusions 
of ADSC-stromal vascular fraction (SVF) at a 
dose of 0.5 million cells/kg of each patient’s body 
weight. The study's result emphasized the safety 
and efficacy of using ADSC-SVF in treating IPF 
[56]. 
  

5.2 Therapeutic Uses of ADSCs in Non-
small Cell Lung Cancer (NSCLCs) 

 
Non-small cell lung cancer (NSCLC) has a 15% 
survival rate and is the most common cause of 
death among individuals working in industrial 
sectors. About 85% of the types of cancers 
affecting the lungs are NSCLCs: 
adenocarcinoma, squamous cell carcinoma, and 
large cell carcinoma. The standard treatment 
methods for NSCLC involve radiotherapy, 
chemotherapy, and surgery (resection). No 
treatment improves prognosis or completely 
cures it [57]. ADSCs are a possible option for 
treating NSCLCs because of their innate qualities 
and the option to genetically modify them to 
target certain qualities that would improve 
prognosis and decrease malignancy in these 
tumours. 
 
In a study done at the China medical                             
university cancer hospital, 22 females                                 
and 46 males between the ages of 45-57                      
years old, all diagnosed with a type of                        
NSCLC, had 5cm of tumor tissue (without                      
prior chemotherapy) resected, stored in liquid 
nitrogen and later exposed to the ADSC 
exosome. The results showed that NSCLC 
colony formation and cell proliferation                         
were inhibited, and there was a significant 
reduction in the levels of cyclin E1 and cyclin E2 
(factors responsible for the entry of proliferating 



 
 
 
 

Okikiade et al.; AIR, 23(6): 38-66, 2022; Article no.AIR.92652 
 

 

 
53 

 

cells into the S and G1 phases of the cell cycle) 
[58]. 
  

5.3 Therapeutic Use of ADSCs in 
Degenerated Intervertebral Discs 
(DID) 

 
One of the most uncomfortable physical 
symptoms a person can have is back pain, 
affecting about 80% or more of the world's 
population at any given time. The degenerated 
intervertebral disc (DID) is one of the lead 
causes of lower back pain, spinal stenosis, disc 
herniation, and sciatica. The intervertebral disc 
(IVD) functions as a shock absorber that protects 
the spine from excessive compression, and it is 
composed of 3 parts- annulus fibrosus (AF), 
cartilaginous endplates, and nucleus pulposus 
(NP). AF is a tough circular fibrocartilaginous 
exterior tissue of the IVD that surrounds the NP 
and anchors the IVD to the vertebra. NP (a 
remnant of the notochord) is the soft inner 
gelatinous core of the IVD that is composed of a 
loose network of collagen fibers and water [59, 
60]. 
 
The pathophysiology of DID is multifactorial, 
affecting mostly the NP, and starts with the 
breakdown of proteoglycan, cell loss/apoptosis, 
and consequently decreased water content 
which then leads to the fibrosis of the NP. 
Regenerative medicine with stem cell therapy is 
the most promising therapeutic approach to 
treating this disease. ADSCs have the functional 
ability to upregulate the expression of ACAN, 
COL2A1, and COL6A2 as well as inhibit the 
activities of caspase-3 and 9, which then leads to 
the synthesis of proteoglycan and ultimately the 
restoration of the degenerated NP [60,61]. 
 
A study was conducted on eight idiopathic 
scoliosis patients with DID (age 16-26) and eight 
healthy volunteers (age 24-39). ADSC collected 
from the healthy donor volunteers was injected 
into the DID patients. The study showed that a 
few weeks after the administration of ADSCs, 
apoptosis of the cells of the NP no longer 
occurred due to ADSC suppression of caspase 3 
and 9. It was also noted that ADSCs had 
protective effects on the NP, protecting from the 
damaging effects of compressive load mediated 
factors [60]. 
 
Another study was carried out on male New 
Zealand white rabbits (n=20). The IVDs of the 
rabbits were artificially injured with a 19-gauge 
spinal needle, and after 15 weeks, with the help 

of magnetic resonance imaging, DID was 
observed. Nineteen weeks after the artificial DID, 
the researchers injected ADSCs into the disc 
space of half of the rabbits as a treatment group. 
They injected saline into the disc space of the 
other half as a control group using a 21-gauge 
spinal needle. NP proliferation was noted ten 
weeks after the injection of ADSC in the 
treatment group with little damaged cartilage 
ossification. It significantly increased extracellular 
matrix secretion as compared to the control 
group [61]. 
 

5.4 Therapeutic Uses of ADSCs in Acute 
Respiratory Distress Syndrome 
(ARDS) 

 
Acute respiratory distress syndrome (ARDS) is 
seen in critically ill patients and is a life-
threatening complication of severe systemic 
diseases. It is caused by the excessive build-up 
of fluids in the lungs, making them incapable of 
supplying the body with adequate amounts of 
oxygen. A few studies have been recorded on 
using ADSCs in treating ARDS, particularly in 
mice; more studies are still ongoing [62]. 
 

5.5 Therapeutic Uses of ADSCs in Atopic 
Dermatitis (AD) 

 
Atopic dermatitis (AD), also called atopic 
eczema, is a common recurrent chronic 
inflammatory skin disease affecting 
approximately 10% of adults (male and female) 
and 20% of children (girl and boy). Symptoms 
usually comprise disruption of the epidermal 
barrier, xerosis, pruritic/eczematous skin lesions, 
immunoglobulin E (IgE) mediated sensitization to 
various allergens, and immune dysregulation 
[63,64]. 
 

It is believed that the pathophysiology of AD is 
because of the excessive activities of T helper 
cells 1,2,17, and 22 (Th-1, Th-2, Th-17, and Th-
22). Standard treatment for AD includes the use 
of immunosuppressants, antihistamines, 
calcineurin inhibitors, corticosteroids, and 
leukotriene receptor antagonists. However, these 
drugs provide temporary relief and severe side 
effects, and a more sustainable and comfortable 
treatment option with little to no adverse effect 
has been proposed using ADSCs [63,64]. 
 

An investigative study was carried out to 
determine if an ADSC cultured media can be 
used to treat AD. The study was carried out on 
25 eight-week-old hairless female AD-like mice. 
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ADSC cultured media was topically applied to the 
surface of their skin for five days, two times daily. 
The study showed an increased differentiation of 
keratinocytes, an enhanced mouse beta-defensin 
3 (cathelin-related antimicrobial peptide) 
expression, and improved epidermal permeability 
[65]. 
 

5.6 Therapeutic Uses of ADSCs in 
Psoriasis  

 
Psoriasis is a chronic autoimmune proliferative 
dermatological disease characterized by 
secondary skin inflammation, excessive 
proliferation of basal keratinocytes, and a 
thickened scaly epidermis. It is caused by 
hyperactivity/ mutations of genes encoding tumor 
necrosis factor-alpha (TNFAIP3; TNIP1), 
Th1/Th17 cytokine (IL-12B and IL-23R), IL-13, 
and Th2 cytokine/regulatory T-cell (interleukin-
10/IL10). Standard (but not permanent cure) 
treatments for psoriasis include methotrexate, 
vitamin D3 cream, topical steroids, and ultraviolet 
light [66,67]. However, recent studies on ADSCs 
have led to the probability of a possible cure for 
psoriasis.  
 
In a pilot study on seven patients aged 18-65 
with mild to moderate psoriasis (one female, six 
males), ADSC was injected intravenously at a 
dose of 0.5×10

6
 cells/kg of their body weight to 

them every four weeks for three months. The 
results of the study after one year showed a 
significant reduction in the symptoms associated 
with psoriasis. However, researchers also noted 
16 adverse effects, although they believe they 
are unrelated to ADSC infusion. The most 
common adverse effects they noted were: 
Pharyngitis, transient fevers, and headaches 
[68]. 
 

5.7 Therapeutic Uses of ADSCs in 
Systemic Lupus Erythematosus 
(SLE) 

 
Systemic lupus erythematosus (SLE) is an 
autoimmune disease that occurs because of self-
attacks by the immune system that leads to 
multiple system/organ damage. Below are a few 
studies that show the therapeutic use of ADSC in 
treating SLE. 
 
An investigative study was carried out in which 
ADSCs were intravenously given to B6.MRL/lpr 
SLE mice had results showing that after the 
administration of ADSC, there was (a) serum 

decrease in IL-6, anti-ds DNA antibodies, and IL-
6 expression and (b) renal downregulation of 
TAB 2, CD 86, IKK-α, and IL-17 expression and 
(c) renal upregulation of miR-23b, ROR-γt and 
Foxp3 expression [69]. 
 
In a study on ADSC lipo-injection of patients 
(n=6) with Parry-Romberg syndrome (Lupus 
profundus facial lipoatrophy), the results showed 
that all patients had an improved facial contour 
following injections with ADSCs [70].  
 

5.8 Therapeutic Uses of ADSCs in Type 2 
Diabetes Mellitus (T2DM) 

 
Type 2 diabetes mellitus is a chronic 
inflammatory impairment resulting in the body’s 
inability to use glucose as an energy source. 
T2DM has two characteristics; impaired secretion 
of insulin by the pancreas (Islet β cell) and 
resistance to insulin by the cells in the body. 
ADSCs can act on pancreatic β cells and 
improve their function, and they can also regulate 
the metabolism of glucose in the hepatic system, 
inhibit the body’s resistance to insulin and treat 
diabetic ulcers [71].  
 

In a study by Chandra et al., ADSC-differentiated 
pancreatic islet cells (IPC) were transplanted into 
diabetic murine Swiss albino mice. The results 
two weeks after ADSC-IPC transplantation 
showed normal levels of glucose [71,72]. 
 

Hu et al. studies on a high-fat diet/STZ-induced 
T2DM mouse model transplanted with ADSC 
found that ADSCs restored INSR and GLUT4 on 
cell membranes of the adipose, liver, and 
skeletal tissues and increased IRS-1 
phosphorylation, which then helped in 
ameliorating insulin resistance and achieving 
normoglycemia in the mouse model [71,73].  
 

There is a study focused on ADSC's therapeutic 
effects on diabetic ulcers where full thickness 
dorsal wounds of 6 × 5 cm in size were artificially 
made on two groups of streptozotocin-induced 
T2DM mice models. The first group were T2DM 
mice models not injected with ADSCs (diabetic 
control group), the second group were T2DM 
mice models injected with ADSCs (treatment 
group) then a third group consisting of normal 
mice models was added to serve as healthy 
control/donors of the ADSCs. The results at eight 
weeks post-injection showed that the treatment 
group increased tissue regeneration leading to 
an enhanced healing of their diabetic ulcers and 
neo-angiogenesis [74].  
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Fig. 5. Showing the therapeutic use of ADSCs relating to organs involved with the 
pathogenesis of T2DM and its functions for the potential treatment of the disease [71] 

 

5.9 Therapeutic Effects of ADSC on 
Nervous System  

 
Recent studies have reported the potential of 
ADSC in treating neural degenerative diseases 
like traumatic brain injury, Huntington's, 
amyotrophic lateral sclerosis (ALS), Alzheimer's, 
cavernous nerve injury, and Parkinson by neural 
differentiation, inhibiting apoptosis and reactive 
gliosis, promoting angiogenesis, 
immunomodulatory functions, expressing 
neutrophilic factors and/or enhancing neuronal 
integration [75]. 
 
5.9.1 Amyotrophic lateral sclerosis (ALS) 
 
Amyotrophic lateral sclerosis (ALS), also called 
Lou Gehrig disease, is a progressive ND disease 
that causes apoptosis of the upper and lower 
motor neurons (UMN and LMN), leading to 
gradual weakening/loss of motor control, 
paralysis, and ultimately death (within 2-5 years 
after diagnosis). Most ALS cases are unknown, 
but about 5-10% of cases found seem to have 
been inherited. There are currently no effective 
treatment options for this disease, but studies 
propose the therapeutic effects of ADSCs for the 
treatment of ALS [76-78]. 
 
In 2013, a study on a 46-year-old male ALS 
patient was done, and he was given six 
intravenous infusions of autologous ADSC as the 
treatment method. The patient’s symptoms prior 
to the start of the study were: coughing while 
eating or during conversations, lack of balance 

while walking down the stairs, dysarthria, 
weakness of muscles on the right side of his 
body, dysphagia, and fasciculations observed 
with his interossei dorsalis (left) and trapezius 
muscles. After the infusion with autologous 
ADSCs, the results showed that difficulty walking 
down the stairs was still present. However, the 
symptoms of dysarthria, fasciculations, coughing, 
right-sided muscle weakness and dysphagia 
were eliminated [76]. 
 
5.9.2 Parkinson’s disease (PD) 
 
Parkinson’s disease (PD) is one of the top 5 
most common ND disorders of the elderly. It is 
caused by apoptosis of dopaminergic neurons 
and/or dopaminergic conduction pathway 
disruptions in the ventral tegmental area and the 
basal ganglia of the substantia nigra [79,78]. 
Numerous successful studies have been 
conducted to test the therapeutic potential                 
of ADSC on PD caused by 6-hydroxydopamine 
(6-OHDA). A few of them are highlighted                
below: 
 
A study implanted ADSC into hemiparkinsonian 
rhesus monkeys (artificially induced using 
methyl-4-phenyl-1, 2, 3, 6-tetrahydropyridine). 
The study showed that a few weeks after the 
implantation of ADSCs, there was a reduction in 
symptoms and significant improvements in the 
behavior of these monkeys [78]. 
  
In another study model, human ADSCs were 
injected into the striatum of an artificially induced 
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6-OHDA mouse model. Pentraxin 3 (PTX3) was 
identified as the dopaminergic neuroprotective 
agent of ADSCs, preventing degeneration and 
apoptosis of dopaminergic neurons, which then 
led to the improved behavioral and motor 
performance of this mouse model [75].  
 
5.9.3 Traumatic brain injury (TBI) 
 
Traumatic brain injury (TBI) is an intracranial 
injury that happens when an individual sustains 
trauma to the external brain/skull, which causes 
impairment in the individual's cognitive and motor 
function. ADSC therapy has been speculated as 
a treatment option for patients with TBI, and it 
was further proven as the next therapeutic step 
when Tajiri et al. conducted a study. This study 
injected human ADSCs intravenously into rat 
models that had artificially induced TBIs. The 
study's results showed a significant decrease in 
hippocampal cell loss and cortical damage, as 
well as an improvement in the cognitive and 
motor functions of the rat [78].  
 
5.9.4 Alzheimer’s disease (AzD) 
 
Alzheimer’s disease (AzD) is one of the                       
top 5 major ND diseases among older                         
adults in the world. It is dementia caused by the 
brain's build-up of β amyloid proteins and 
neurofibrillary tangles (caused by tau proteins) 
[78]. 
 
In a study, human ADSC was intravenously 
injected through the blood-brain barrier (BBB) of 
AzD mouse model's brain. This model's memory, 
learning, and other previous pathologies were 
greatly improved [80]. 
 
Study of transplanted ADSCs into the 
hippocampus of transgenic APP/PS1 mice 
models with AzD was done. After the 
transplantation of ADSCs, it was observed that 
there was a reduction in oxidative stress levels, 
an increase in proliferation of BrdU

+
 cells in the 

sub-granular zone, and enhanced activity in the 
subventricular zone of the dentate gyrus of the 
ADSC treated APP/PS1 mice model 
hippocampus [81]. 
  
A study performed with ADSC transplantation on 
transgenic APP/PS1 mice models with AzD. It 
was observed after the transplantation that the 
learning and spatial memory functions of these 
mice models were restored, and there was also a 
significant decrease in β amyloid deposition             
[57]. 

5.9.5 Cavernous nerve injury (CNI) 
 
The cavernous nerves are postganglionic nerves 
of the parasympathetic nervous system that 
supply autonomic signals for clitoral and penile 
erection. Cavernous nerve injury (CNI) is an 
injury, damage, or atrophy of the cavernous 
nerve caused by trauma to the pelvis or a 
complication of pelvic surgeries. One of the huge 
complications of CNI is erectile dysfunction (ED). 
Presently researchers are looking into treatment 
modalities that can achieve cavernous nerve 
regeneration and finding neuroprotective/ 
neurotrophic agents for treating ED. Not only can 
ADSCs differentiate into neurons of the 
peripheral system (Schwann cells), but it has 
also been noted that they possess neurotrophic 
qualities useful for the regeneration of cavernous 
nerves. 
 
A study by You et al. on an ED rat model with 
CNI found that after intra-cavernously injecting 
human ADSCs into the rat model, penile erection 
function was restored [78].   
 
5.9.6 Huntington’s disease (HD) 
 
Huntington's disease (HD) is a rare, genetically 
transmitted (autosomal dominant caused by 
mutated CAG repeats), late-onset ND disorder, 
and symptoms mainly include changes in 
behavior, cognitive impairment, and loss of 
muscular coordination/involuntary muscle 
movements [78,82].  
 
In a pre-clinical study model, ADSCs were 
transplanted into transgenic R6/2 mice models 
with HD, and the results showed that ADSC 
potentiated the secretion of multiple paracrine 
growth factors [83]. The effect of the protective 
factors is to prevent apoptotic phenomena and 
recover and improve the behavior of the mice 
models [78]. 
 
In another of similar study, 60-day-old transgenic 
R6/2 HD mice models had ADSCs transplanted 
into their striatal borders. The results showed 
that ADSC improved survival, limb clasping, and 
Rota-Rod performance and decreased 
Huntington aggregates' levels and striatal 
neurons' apoptosis [78] 
 

6. REGULATORY T-CELLS (Tregs) 
 
T cells are essential members of the adaptive 
immune system. Different members of the helper 
T cell family (Th) have unique cell surface 
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markers and specialized functions to make the 
adaptive immune response more robust and 
diversified.  
 

Regenerative medicine is a very broad field of 
medicine. This section will highlight the roles of T 
cells, particularly CD 4

+
 CD 25

+ 
regulatory T cells 

(Tregs), in treating various diseases. 
 

6.1 What is a Regulatory T Cell (Treg)? 
 

Regulatory T cells (Tregs) are cells that regulate 
the functions of T cells, particularly the Th-1 
subset of CD 4

+
 cells in the body. They secrete 

cytokines TGF-β and IL-10 which have inhibitory 
functions against Th-1 (activation of Th-1 leads 
to co-stimulation of other T cells). 
 

Since the level of T cell activity in an individual 
depends on certain immune events or stimuli, the 
exact name for T cells used in regenerative 
medicine is Chimeric antigen receptor T cells 
(CAR-T cells) [84]. CAR-T cells are artificially 
engineered T cells that were genetically created 
to get specific subsets or receptors for treating 
certain diseases. 
 

6.1.1 Therapeutic effects of T cells on 
alopecia areata disease (AAD) 

 

Alopecia areata disease (AAD) is a multifactorial 
autoimmune inflammatory condition in which the 
hair follicles are attacked by the person’s 
immune system causing hair loss in the 
individual. It can occur alone, along with other 
autoimmune diseases, or caused by stress. An 
impaired function of Tregs and an increased 
function of CD8

+
NKG2D

+
 T cells are said to be 

involved in the pathophysiology of AAD. Hence, 
some studies have been carried out to test the 
therapeutic benefits of CAR-Tregs in treating this 
disorder [85]. 
 

An open pilot prospective study was carried out 
on five patients with severe AAD resistant to 
standard treatments. Low dose IL-2 was given 
subcutaneously to these patients, and results 
showed an increase in Treg levels, and all 
patients successfully had different levels of 
regrowth of previously lost hair (Patient 1- 23% 
regrowth, patient 2- 40% regrowth, patient 3- 
65% regrowth, patient 4- 92% regrowth and 
patient 5- 100% regrowth) [86]. 
 

6.1.2 Therapeutic effects of T cells on 
inflammatory bowel diseases (IBD)  

 

Inflammatory bowel disease is a group term for 
ulcerative colitis and Crohn's disease (ChD), 

multifactorial chronic gastrointestinal 
inflammatory disorders. Standard IBD treatment 
options like immunosuppressants, amino-
salicylate drugs, and corticosteroids do not 
provide a cure and have many side effects. 
However, many studies have been recorded 
using the Treg cytokine IL-10 to treat these 
diseases [87,88]. 
  

A double-blinded placebo-controlled 24-week 
study was reported by Fedorak et al. [88] in 
which 95 patients with active cases of moderate 
ChD were given subcutaneous 5 µg/kg doses of 
IL-10 and placebo in a randomized fashion. 
Results after 28 days showed moderate 
response to treatment and general improvement 
observed in the treatment group and no 
improvement in the placebo group [87,88]. 
 

6.1.3 Therapeutic effects of T cells on graft-
versus-host diseases (GVHD) 

 

Graft versus host disease (GVHD) is one of the 
complications of HSCT where the transplanted 
immune cells see the host body as foreign and 
attack. Studies have found that giving donor 
Tregs simultaneously as HSCT reduced the 
patient's risk of GVHD. It was also observed that 
giving low-dose IL-2 after HSCT reduced the risk 
of GVHD [89]. 
  
A clinical (human) study was done on 43 patients 
(10 with acute lymphoblastic leukemia and 33 
with acute myeloid leukemia) to test the effects of 
giving donor Tregs at the same time as HSCT in 
preventing GVHD. In this study, no 
immunosuppressive therapy was given. The 
results showed that 15% of patients developed 
grade 2 GVHD. However, 95% of the patients 
achieved full donor engraftment with no GVHD, 
thereby supporting that to a relative degree 
infusing donor Tregs simultaneously as HSCT 
can prevent GVHD occurrence [90]. 
 

Another clinical (human) study was done with 
patients who already had GVHD. The patients 
were grouped into acute grade 4 GVHD and 
chronic GVHD, and the two groups were given 
CAR-Tregs. The results for chronic GVHD 
patients showed general improvement and 
significant alleviation of their symptoms, but 
those in the acute grade 4 GVHD group had little 
improvement [91].  
 

6.1.4 Therapeutic effects of T cells in solid 
organ transplants 

 

Therapies that could help patients who undergo 
transplant surgeries to gain more tolerance to the 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4716896/#B17
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allograft without requiring long-term 
immunosuppression are an ongoing research 
problem for researchers. However, it is believed 
with few studies to back it up that Tregs could be 
the therapeutic key they have searched for. 
 
A study was done on mice with heart and skin 
allografts. Tregs were implanted into these mice 
models, showing that the Treg cells could 
promote tolerance by controlling the immune 
response between the mice's immune cells and 
allograft antigens [89]. There are studies on the 
therapeutic effects of T cells in solid organ 
transplants are still in progress. 
 
6.1.5 Therapeutic effects of T cells on 

patients with type 1 diabetes mellitus 
(T1DM) 

 
Type 1 diabetes mellitus (T1DM), sometimes 
referred to as juvenile diabetes, is the insulin-
dependent type of diabetes in which the 
pancreas does not make as much insulin as the 
body needs for daily functioning because the 
person's immune cells destroy the β- islet cells of 
the pancreas (insulin-making cells). Researchers 
have noted that the pathophysiology of T1DM 
involves the impaired activity of Tregs, and this is 
the basis for all studies involving the therapeutic 
effects of Tregs in T1DM [89]. 
 
A randomized control trials of T cells was done 
on 10 children with T1DM was done. Polyclonal 
Tregs were given intravenously to children in the 
treatment group; those placed in the control 
group received saline. 2 months after the 
transfusions, it was observed that the children in 
the treatment group had increased C-peptide 
levels and needed lower insulin doses than those 
in the control group (even after six months) [89]. 
 
In an open-label trial (a phase study) in of 14 
adult patients infused with ex vivo expanded 
Tregs in escalating doses, 7 of 14 patients had 
stable C peptide levels and insulin use for up to 
2 years following infusion. However, the study 
was not powered to detect significant                      
clinical improvement. There were no infusion 
reactions or therapy-related serious adverse 
events. Phenotypic analysis of the cell product 
after expansion and after infusion identified 
stable surface marker expression, demonstrating 
that the infused Tregs did not acquire a 
pathological phenotype. High-throughput TCR-β 
sequencing analysis indicated that expanded 
Tregs retained a high degree of diversity.”             
[89]. 

6.1.6 Therapeutic effects of T cells on 
patients with pemphigus Vulgaris (PV) 

 
Pemphigus Vulgaris (PV) is the most common 
form of pemphigus seen in clinical practice. It is a 
rare autoimmune disease caused by an IgG-
mediated impairment of intraepithelial adhesion, 
which then leads to the development of erosions 
and painful blisters on the skin and mucous 
membranes of the genitals, throat, mouth, nose, 
eyes, and other parts of the body [92] Various 
studies have indicated the therapeutic effects of 
Tregs in this disease. 
 
In a recent study, Tregs were infused into a PV 
HLA-DRB1

+
 transgenic mouse model. The 

results after the infusion showed that the infused 
Tregs successfully downregulated the expression 
of IgG desmoglein in three reactive Treg cells 
(these cells were identified in PV patients and 
carriers of PV HLA-class II allele) [93].  
 
6.1.7 Therapeutic effects of T cells on 

patients with multiple sclerosis (MS) 
 
Multiple sclerosis (MS) is a long-term multifocal 
demyelinating inflammatory disease of the brain 
and spinal cord [94] Current standard therapies 
for MS are not curative; rather, they help to 
promote comfort in the patient. Tregs though 
currently still being studied, have been 
highlighted to be useful for treating MS. 
 
In a study by Niedbala et al., nitric oxide-induced 
Tregs were infused into 10-day-old C57BL/6 
mice models with myelin oligodendrocyte 
glycoprotein-induced autoimmune 
encephalomyelitis. The results after the infusion 
showed a reduction in Th-17 levels and the 
severity of the disease. CNS infiltration by 
immune cells was also observed to be inhibited 
[94].   
 
6.1.8 Therapeutic effects of T cells on 

patients with autoimmune hepatitis (AH) 
 
Autoimmune hepatitis (AH) is a chronic 
autoimmune disease that happens when a 
person's immune system fight against the liver 
leading to inflammation and damage to the liver 
[95]. The standard treatment for AH is lifetime 
immunotherapy because the adverse effects of 
stopping the immunosuppressive therapies are 
worse than the side effects. Unfortunately, this is 
not comfortable for the patient, so strategies 
have been implemented to find more comfortable 
and permanent treatment options for AH [96]. 
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In a recent clinical trial, low-dose IL-2 selective 
Tregs were implanted into AH murine mice 
models. After treatment with Tregs, there were 
increased systemic and intrahepatic levels of 
Tregs and a decrease in the levels of active T 
effector cells leading to a decrease in ALT levels 
and an improved liver architecture [97]. 
 
6.1.9 Therapeutic effects of T cells on 

patients with myasthenia gravis (MG) 
 
Myasthenia gravis (MG) is a rare T-cell 
dependent, B-cell mediated progressive 
autoimmune long-term neuromuscular disease 
resulting from a person's immune cells attacking 
the acetylcholine receptors in the muscles of the 
individual, leading to weakness and fatigue in 
voluntary muscles Standard treatment options for 
MG like cholinesterase inhibitors, monoclonal 
antibodies, immunosuppressors, and 
corticosteroids can only function to alleviate 
symptoms but do not serve as a cure 
temporarily. Numerous studies have proposed 
Tregs to have therapeutic effects for the 
treatment of MG. 
 
In a study, granulocyte-macrophage colony-
stimulating factor (GM-CSF) induced Tregs were 
implanted into murine experimental mice with 
artificially induced MG. Results showed that GM-
CSF-induced Tregs selectively inhibited the anti-
acetylcholine immune response, alleviating MG 
symptoms in these mice [98]. 
  
In another this study, 1 × 10

6
 ex-vivo generated 

Treg cells were administered intravenously to 
experimental autoimmune MG rats. Three weeks 
after the infusion, the levels of specific 
acetylcholine receptor antibodies were 
significantly reduced, and there was a               
noticeable modulation in the disease progression 
[99]. 
 

7. CONCLUSION 
 
It is unquestionable the role of stem cells,                  
growth factors and adipocytes and there 
derivates are essentially, and potentially 
therapeutic in the treatment of diseases                   
we once thought are apparently incurable. 
Numerous studies have demonstrated the roles 
of these factors in the treatment of several 
diseases. The article highlighted few of the 
success stories in the use of stem cells, adipose 
tissues and T cells in the treatment of diseases 
affecting the skin, brain, heart and immune 
system [1,9]. 

FGFs are proven to be useful in the treatment of 
several skin diseases like burns and ulcers from 
diabetes mellitus and trauma. Likewise, it was 
shown be helpful in RDEB, SSc, and all sort of 
neuropathies. ADSc are essentially useful in 
treatment of numerous inflammatory conditions 
like lung, nervous and bone diseases, psoriasis, 
vertebrae disc disorder [9,10]. 
 
The stem cells are the largest the group and 
common ones are PSC, ESCs, ASCs, iPSCs, 
MSCs. They are useful in the treatment of 
endocrine disorders, autoimmune disorders, 
haematological disorders, dermatological 
diseases, neurodegenerative disorders among 
others [2,63]. 
 
Researches have shown that the era of cure of 
numerous diseases is fast approaching with the 
use of growth factors, stem cells and adipocytes 
or in combination with other form of therapy. It is 
a known fact that there exist numerous 
limitations in their use, as ethical issues, lack of 
political will and poor funding remain major 
obstacles, and hence limiting the usage [1,2,3]. 
The narrative article highlighted some of the 
known therapeutic potentials of these biological 
materials in reducing morbidity and mortality. 
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