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1- ROLE OF REGENERATIVE 
MEDICINE IN THE RENAL DISEASES

R enal diseases, including chronic kidney 
disease (CKD) and end-stage renal disease 
(ESRD), present significant challenges 

in healthcare due to their high prevalence 
and limited treatment options. Conventional 
therapies, such as dialysis and transplantation, 
have limitations in terms of long-term outcomes, 
cost, and availability. Regenerative medicine has 
emerged as a promising field with the potential to 
revolutionize the treatment of renal diseases. This 
article explores the role of regenerative medicine 
in renal diseases, highlighting the advancements 
made thus far and the potential it holds for the 
future.
Renal diseases, characterized by the progressive 
loss of renal function, have a substantial 
impact on patients' health and quality of life. 
Current treatment options for renal diseases, 
such as dialysis and kidney transplantation, 
have limitations, including the need for lifelong 
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therapy, scarcity of donor organs, and potential 
complications. Regenerative medicine, with its 
focus on repairing and regenerating damaged 
tissues, offers new avenues for the treatment of 
renal diseases.

Regenerative Medicine 
Approaches

1. Stem Cell Therapy: Stem cell therapy 
holds significant promise in the field of renal 
regenerative medicine. Various types of stem 
cells, including mesenchymal stem cells (MSCs), 
induced pluripotent stem cells (iPSCs), and renal 
progenitor cells, have been explored for their 
potential to restore renal function.

MSCs, derived from sources such as bone marrow 
or adipose tissue, have shown regenerative 
properties, including the ability to differentiate 
into renal cells and promote tissue repair. iPSCs, 
generated by reprogramming adult cells into a 
pluripotent state, offer the advantage of patient-
specific therapy and the potential to differentiate 
into functional kidney cells. Renal progenitor cells 
have demonstrated the ability to differentiate 
into renal cell types, making them attractive 
candidates for regenerating damaged kidney 
tissues.

2. Biomaterials and Scaffolds: Biomaterials and 
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scaffolds play a critical role in supporting the 
growth, differentiation, and function of cells in 
regenerative medicine approaches. In the context 
of renal diseases, biomaterials and scaffolds can 
be utilized to create three-dimensional structures 
that mimic the native renal environment, 
facilitating tissue repair and regeneration.

Bioengineered scaffolds, combined with stem 
cells or renal cells, can provide structural 
support, promote cell growth, and enhance tissue 
integration. These scaffolds can also serve as a 
platform for the controlled release of growth 
factors or therapeutic agents, promoting the 
regeneration of damaged renal tissues.

3. Decellularized Extracellular Matrix (ECM): 
Decellularized ECM, derived from donor kidneys or 
other tissue sources, offers a unique approach to 
renal regeneration. The decellularization process 
removes cellular components while preserving 
the ECM's structure and bioactive molecules. The 
resulting ECM can serve as a scaffold for seeded 
cells, providing a natural microenvironment 
that promotes cell adhesion, migration, and 
differentiation.

Decellularized ECM-based therapies have shown 
promise in the regeneration of renal tissues, 
including the restoration of kidney function. 
These approaches offer the potential for organ-
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specific regeneration, reducing the need for 
immunosuppression and transplantation.

Emerging Trends and Challenges
1. Kidney Organoids: The development of kidney 
organoids, miniaturized three-dimensional 
models that mimic the structure and function 
of the human kidney, has revolutionized renal 
regenerative medicine. Kidney organoids can be 
derived from pluripotent stem cells or patient-
specific cells, offering a personalized approach to 
studying renal diseases and screening potential 
therapeutics.

2. Gene Therapy: Gene therapy holds promise in 
addressing genetic renal diseases and modulating 
the progression of acquired renal diseases. By 
delivering therapeutic genes to target cells, 
gene therapy can correct genetic abnormalities, 
promote renal cell survival, and enhance tissue 
repair. Gene therapy approaches can be used to 
deliver growth factors, anti-inflammatory agents, 
or genes involved in cellular repair processes, 
offering potential solutions for renal diseases.

3. Vascularization: One of the critical challenges 
in renal regeneration is the establishment of 
functional vasculature within the regenerated 
tissues. The development of vascular networks 
is essential for proper nutrient delivery and 
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waste removal in the kidney. Advances in tissue 
engineering techniques and biomaterials are 
being explored to promote vascularization and 
improve the survival and function of regenerated 
renal tissues.

Future Directions
Regenerative medicine holds immense potential 
for transforming the treatment of renal diseases. 
Future research should focus on optimizing stem 
cell-based therapies, refining tissue engineering 
approaches, and advancing the understanding 
of kidney development and regeneration. 
Additionally, long-term studies evaluating the 
safety, efficacy, and cost-effectiveness of 
regenerative medicine interventions are necessary 
for their widespread clinical implementation.

Regenerative medicine offers new hope 
for patients with renal diseases, providing 
innovative approaches for tissue repair, 
regeneration, and functional restoration. Stem 
cell therapy, biomaterials and scaffolds, 
decellularized ECM, kidney organoids, and gene 
therapy hold significant promise in the field 
of renal regenerative medicine. As research 
and technological advancements continue, 
regenerative medicine has the potential to 
revolutionize the treatment landscape for renal 
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diseases, offering patients safer, more effective, 
and personalized therapeutic options.

Challenges and Considerations
While regenerative medicine offers great promise 
for the treatment of renal diseases, several 
challenges and considerations need to be 
addressed:

1. Immunogenicity and Rejection: The immune 
response to regenerative medicine interventions, 
such as stem cell therapy or transplantation 
of bioengineered tissues, remains a significant 
concern. Strategies to mitigate immunogenicity 
and prevent rejection are crucial for successful 
long-term outcomes. Immunomodulatory 
approaches and tissue engineering techniques 
that utilize patient-specific cells or decellularized 
scaffolds can help minimize immune reactions.

2. Safety and Efficacy: Rigorous preclinical studies 
and well-designed clinical trials are essential to 
evaluate the safety and efficacy of regenerative 
medicine interventions for renal diseases. Long-
term follow-up studies are necessary to assess 
the durability and functional outcomes of the 
regenerated tissues. Close monitoring of potential 
side effects and adverse events is crucial to ensure 
patient safety.

3. Translational Hurdles: Moving from bench to 
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bedside is a complex process in regenerative 
medicine. Overcoming the challenges of scale-
up production, standardizing manufacturing 
processes, and regulatory approval are critical 
for the widespread clinical implementation of 
regenerative therapies for renal diseases.

4. Ethical Considerations: Ethical considerations 
arise when working with stem cells, gene editing, 
and transplantation. Discussions and guidelines 
on the responsible use of regenerative medicine 
technologies in the context of renal diseases are 
necessary to address ethical concerns and ensure 
patient welfare.
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2- ROLE OF REGENERATIVE 
MEDICINE IN THE 

NEUROLOGICAL DISEASES

N owadays stem cell application is a 
powerful clinical technique in 
regenerative medicine. Studies on stem 

cells have identified their capability of self-
renewal and multiple cell types differentiation, 
so it is a promising therapeutic strategy in 
central nervous system(CNS) disorders. Neuronal 
stem cells(NSC) isolate from regions such as 
hippocampus, cerebral cortex and subependymal 
layers of lateral ventricles. It has been shown 
that different pathogenic events might trigger 
cellular signals via soluble mediators to support 
neurogenic and gliogenesis which drive brain 
repair. Neural disorders are characterized by loss 
of neural or glial cells and their functions. For 
example, loss of dopaminergic cells in substantia 
nigra have been characterized in Parkinson’s 
disease. 
The ability to replace these missing cells is an 
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alternative therapeutic approach. This approach 
aims not only substituting newly differentiated 
cells with dead ones, but also promoting 
functional integrations using circuits of new 
cells. Previous studies revealed that this approach 
represents therapeutic strategy in a limited 
category of CNS disorders and depends on the cell 
type and the CNS damaged region.
Stem or progenitor cells can be generated from 
different sources. Embryonic stem cells(ESCs) 
have an unlimited renewal capacity and are 
derived from blastocysts. There are some concerns 
regarding chromosomal stability and it's safety is 
not yet guaranteed. There are some reports of 
tumor formation for using ESCs transplantation 
into the brain because not all cultured cells achieve 
differentiation, a small fraction may remain 
undifferentiated and give rise to malignancy. The 
first clinical application of progenitor cells was for 
spinal cord injury, and not for Parkinson's disease 
but this study was put on hold due to some reports 
of epithelial cysts formation within the spinal 
cord grafts.
Induced pluripotent stem cells (iPS) are another 
source of NSCs which are autologous, thus 
eliminate risk of immunological complications 
but the risk of tumor formation is still persistent. 
It is based on reprogramming adult somatic cells 
by retrovirus transforming of 4 transcription 
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factors into fibroblasts, such as c-myc, oct4, 
klf2 and sox2. There is a considerable difference 
between ESCs and iPS, the latter differentiation 
into mature neuron cells is much more difficult 
so clinical application of altered iPS doesn't 
seem feasible yet. The last but very novel 
possibility for generating mature neuronal cells, 
is direct reprogramming fibroblasts without the 
intermediate status of iPS. If it becomes possible, 
specially for dopaminergic neurons, the need for 
stem cells could be eliminated.
The route of stem cell administration is another 
issue in therapeutic NSC transplantation. For 
example in focal CNS disorders such as spinal cord 
injuries or Parkinson's disease, direct intralesional 
cell transplantation could facilitate neuronal 
regeneration. For multifocal CNS disorders, like 
Multiple Sclerosis, Amyotrophic lateral sclerosis 
or Alzheimer's disease, injecting therapeutic stem 
cells intravenously or through the cerebrospinal 
fluid space could overcome the limitations. In 
this fashion, NSC can reach multiple related 
inflamed areas. This specific homing has been 
explained by adhesion molecules such as 
integrins or chemokines and cytokines. These 
molecules support interactions between NSCs and 
endothelial and ependymal cells which represent 
integrin receptors and are surrounding inflamed 
brain tissues. This is called the chemoattractive 
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hypothesis.
Regenerative Medicine refers to a group of 
biomedical processes that can restore function 
and structure of damaged cells, organs, and 
tissues by replacing them with new ones 
or stimulating the repair mechanisms of the 
own body to heal injured tissues and organs. 
Traditional medicine strategies focus on removing 
the causes of disorders to cure or improve 
symptoms. In contrast, regenerative therapies pay 
more attention to cellular and molecular aspects 
of organs and tissues to find a solution to 
cure previously untreatable permanent injuries. 
The types of this field of regenerative medicine 
includes cellular therapies (harvest and inject 
the stem/progenitor cells), tissue engineering and 
biomedicals (implantation of biologically grown 
tissues and organs), and medical devices and 
artificial organs.

A number of disorders cannot be cured by current 
treatments, or if a disease could be treated by 
traditional approaches, injured or lost cells and 
organs might not be healed or repaired. Organs 
and tissues without the potential of self-renewing 
such as central nervous system (CNS), are main 
goals for regenerative medicine. Different types 
of stem cells derived from many rich tissue 
sources have the capability of regenerating and 
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differentiating into variety of cells. Therefore, 
using cell‑based treatment strategies provides 
an exciting area requiring significant preclinical 
studies for treatment of many neurological 
disorders including ischemic stroke, brain trauma, 
epilepsy, Parkinson’s disease (PD), Huntington’s 
disease (HD), Alzheimer’s disease (AD), and spinal 
cord injury.

A variety of stem cell types have been currently 
studied for applications in neuro-regenerative 
medicine, involving four main types confined to 
neural stem cells (NSCs), mesenchymal stem cells 
(MSCs), embryonic stem cells (ESCs), and induced 
pluripotent stem cells (iPS cells). Each kind of 
stem cell has its own limitations on feasible 
therapy applications such as a low rate of survival 
in the injured site, uncontrolled differentiation, 
and ethical challenges. Due to medical ethics and 
possible immunologic rejection in applications 
with ESCs and iPS cells, many studies have turned 
to NSC-mediated and MSC-mediated methods.

Embryonic stem cells (ESCs) are derived from 
inner layer of mammalian blastocysts and have 
the capacity of differentiating into three germinal 
layers called mesoderm, endoderm, and ectoderm. 
Functional dopamine neurons differentiated from 
ESCs, are being studied for various cell 
therapies. Despite, there are major challenges such 
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as immunologic rejection, ethical controversy, 
and potential carcinogenicity testing ESC-based 
therapies.

Induced pluripotent stem (iPS) cells, are originally 
generated from fibroblasts. While iPS cells may 
avoid the ethical issues that ESCs carry due to 
their reprogramming from mature somatic cells, 
researchers concern about safe clinical translation 
due to using of oncogenic viruses for deriving 
them.

Connective tissue cells such as osteoblasts, 
chondrocytes, adipocytes, and stroma cells are 
differentiated from mesenchymal stem cells 
(MSCs), which are easier than ESCs to harvest in 
vitro and increasingly being used for degenerative 
brain disorders, such as traumatic brain injury, 
stroke, and Huntington's disease.

Neural stem cells (NSCs), are highly pluripotent 
cells with the ability of multidirectional 
differentiation into neuronal and glial lineages 
and are main candidates for neural 
clinical transplantation in neurological disorders. 
However, there are some major issues, such as low 
survival rate, tracking of migration of cell to the 
damaged tissues, and hard induction that needs 
more studies to find an appropriate solution.
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3- ROLE OF REGENERATIVE 
MEDICINE IN THE 

GASTROINTESTINAL DISEASES

R egenerative medicine and bioengineering 
have the goal of reversing organ failure 
by creating new cells, tissues, or organs 

that can restore normal function. This discipline 
brings together knowledge from stem cell and 
developmental biology, as well as expertise in 
engineering and biomaterials science, to create 
customized treatments tailored to individual 
needs. The use of bone marrow transplantation 
to treat hematological disorders like refractory 
anemia or aplastic anemia serves as a notable 
instance of regenerative medicine being applied in 
a clinical setting. 
The understanding of the identification, function, 
and differentiation of hematopoietic stem cells, 
as well as the molecules that regulate the 
development of mature hematopoietic cells, is 
extensive. In contrast, the identification of 
intestinal stem cells and the mechanisms by 
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which they give rise to the four different 
lineages of mature cells are still largely unknown. 
This chapter will look at how regenerative 
medicine techniques like organoid-based therapy, 
DNA manipulation and gene editing, stem cell 
therapy, and tissue engineering could be used 
to treat gastrointestinal disorders. Regenerative 
medicine built on organoids is a promising 
field that has potential applications in various 
medical conditions. For instance, in necrotizing 
enterocolitis, inflammatory bowel disease, and 
Hirschsprung's disease, engineered intestinal 
organoids with enteric nervous systems have 
been developed to treat these diseases effectively. 
The development of human intestinal organoids 
containing enteric nerve cells (ENCCs) has been a 
significant breakthrough in the treatment of these 
conditions. These organoids have been shown 
to restore enteric nervous system function, and 
tissue-engineered small intestines (TESI) created 
from them have been able to effectively contract.

Cystic fibrosis is a genetic disease that affects 
electrolyte and water transport, leading to mucus 
abnormalities, inflammation, and an increased 
risk of infection. Intestinal organoids have been 
instrumental in developing drugs to restore CFTR 
function, and patient-specific intestinal organoids 
have been used to study genotype-phenotype 
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relationships and analyze drug responses. 
Moreover, CRISPR/Cas9 genomic editing has 
shown promise in correcting CFTR mutations 
in intestinal organoids, making gene therapy a 
possibility.

Liver organoids derived from liver biopsy 
specimens of patients with biliary atresia have the 
potential to develop an in vitro model for studying 
the pathogenesis of the disease, identifying 
prognostic factors, and predicting drug response 
for each individual patient. Additionally, the 
recent generation of liver organoids from 
pluripotent stem cells provides a future source for 
cell transplantation into the hepatic parenchyma 
of biliary atresia patients. As these organoids can 
create functional hepatocyte-like cells in vitro, 
they hold great promise for the development of 
new therapeutic approaches for biliary atresia. 
Biliary atresia is a serious liver disease that occurs 
in infants and affects both intra- and extrahepatic 
biliary ducts, but the pathogenesis of the disease is 
still poorly defined. The left and right hepatic buds 
contain hepatoblasts, which are liver progenitors 
found only in fetal livers. Inflammatory bowel 
disease (IBD) is a gastrointestinal disease that 
comprises ulcerative colitis and Crohn's disease. 
Although there have been advancements in the 
treatment of IBD, some patients do not respond to 
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conventional treatments or biological agents. The 
significance of "mucosal healing" in improving 
the prognosis of difficult-to-treat patients, 
which involves the regeneration of damaged 
intestinal tissue, has been demonstrated by 
research. Organoid-based regenerative medicine 
shows promise in promoting mucosal healing in 
refractory IBD patients and improving their long-
term prognosis.

Recent advances in stem cell biology have 
identified intestinal stem cells (ISCs) as a new 
player in the field of regenerative medicine for 
IBD .ISCs can be cultured as organoids in vitro and 
used as donor cells for transplantation research. 
Ex-vivo cultured organoids are able to engraft 
onto colitic ulcers and reconstruct crypt-villus 
structures, as demonstrated by studies utilizing 
mouse colitis models. Transplanting organoids 
could not only promote the regeneration of 
refractory ulcers but also reduce the risk of 
developing colitis-associated cancers.

Hematopoietic stem cells (HSCs) and 
mesenchymal stem cells (MSCs) have also 
shown some beneficial effects on IBD patients 
through transplantation or transfusion. The 
transplantation of organoids may become 
an alternative therapy for refractory IBD 
patients, and endoscopy-assisted transplantation 
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of organoids is a potential approach to achieve 
mucosal healing. In conclusion, organoid-based 
regenerative medicine using ISCs, HSCs, and 
MSCs holds promise for the development of 
new therapeutic approaches for refractory IBD 
patients.

The gastrointestinal (GI) tract is a complex 
organ that can be affected by various factors, 
including the intestinal microbiome, chronic 
stress, inflammatory processes, and neural 
regulation. These factors can make it difficult 
to diagnose and treat gastrointestinal disorders, 
with traditional approaches relying primarily 
on pharmaceuticals or surgery. At present, 
medication is used to alleviate symptoms, while 
surgery or transplantation may be necessary for 
severe or specialized cases. One of the primary 
surgical approaches for gastrointestinal tract 
malignancy is en bloc resection, which entails the 
simultaneous removal of the affected organs and 
adjacent mesenteries containing lymph vessels 
and nodes. Nevertheless, this method may result 
in a diminished quality of life. Regenerative 
medicine offers a promising solution for treating 
diseases like inflammatory bowel disease (IBD), 
gastroesophageal reflux disease (GERD), and 
cancer using techniques such as cells, scaffolds, 
the gut microbiome, and cell-derived factors. 
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The structure of the gastrointestinal tract 
(GI) is a hollow, complex organ responsible 
for transporting, digesting, absorbing nutrients, 
and excreting waste from the body. The 
gastrointestinal tract is populated by various 
complex cell types. There are two types 
of gastrointestinal muscles: phasic and tonic 
musculature, which are classified according to 
the level of contractile protein expression. Phasic 
smooth muscle is present in the lower esophagus, 
stomach, and small and large intestines. The 
sphincters along the GI tract are characterized 
by tonic, circular smooth muscles that have 
a higher resting pressure compared to the 
surrounding gut tissues.�  These sphincters 
act as checkpoints along the tract, ensuring 
the unilateral movement of luminal content. 
Examples of such sphincters include the lower 
esophageal sphincter, the pylorus, and the 

While growing complete organs is still a challenge, 
recent progress demonstrates the potential for 
developing innovative therapeutic modalities. 
This chapter delves into the latest developments 
in regenerative medicine, specifically in relation to 
the gastrointestinal tract, which encompasses the 
esophagus, stomach, small intestine, and colon. 
The aim is to provide an in-depth analysis of 
recent advancements in this field.
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internal anal sphincter (IAS). The function of 
the gastrointestinal tract is impacted by several 
factors, including the intestinal microbiome, 
chronic stress, inflammatory processes, and 
neural regulation through the brain-gut axis. 
Diagnosing and treating the pathophysiology of 
the GI tract can be challenging due to its complex 
nature. The mucosal, muscular, and neural 
innervation of the GI tract, which extends from 
the esophagus to the anus, is susceptible to various 
common and unpleasant disorders. Dysfunctions 
in GI function have the potential to result in 
life-threatening diseases, namely inflammatory 
bowel disease (IBD), as well as debilitating 
conditions such as gastroesophageal reflux disease 
(GERD) and irritable bowel syndrome (IBS), which 
significantly impact an individual's quality of 
life. These disruptions in GI function often 
cause common symptoms, including abdominal 
pain, inflammation, obstruction, bloating, nausea, 
vomiting, diarrhea, and constipation. 
Currently, the traditional approach for managing 
GI dysfunction involves using pharmaceuticals 
to relieve symptoms, while surgery or 
transplantation may be required for severe or 
specialized clinical cases. Transplanting impaired 
organs is a promising treatment option, but 
there are numerous obstacles associated with 
transplanting digestive organs. These challenges 
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include the high immunogenicity of the 
intestines, which can lead to engraftment 
failure, donor-organ scarcity, and potential side 
effects related to immunosuppression. Although 
there are many unanswered questions regarding 
GI disorders, cutting-edge therapies such as 
regenerative medicine (RM) may help solve serious 
issues. RM is a field of medicine dedicated to 
replacing, rejuvenating, or reconstructing lost, 
dysfunctional, or damaged organs, tissues, and 
cells for the purpose of restoring their function. 
Various approaches to regenerative medicine in 
digestive systems have been used. 
In this chapter, we will examine the 
recent advancements in regenerative medicine, 
particularly with regards to the intestinal tract 
which includes the esophagus, stomach, small 
intestine, and colon. 

The muscular anatomy of the esophagus 
resembles a tube that extends from the pharynx 
to the stomach. The esophagus is responsible for 
transferring food via peristalsis from the pharynx 
to the stomach. Additionally, the majority of the 
epithelium is made up of stratified squamous cells 
and does not have any role in the secretion of 
digestive fluids. 

Esophagus
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Esophageal disorders can vary in severity and 
range from benign to malignant. Benign disorders 
such as caustic esophagitis and esophageal 
atresia can cause narrowing of the esophagus, 
leading to difficulty swallowing and GERD. 
Cognitive conditions such as impaired peristaltic 
function in cases such as esophageal atresia 
and tracheoesophageal fistula can also lead 
to esophageal stricture and GERD. In cases 
where the esophageal disorders progress to 
become malignant, such as cancer, esophageal 
resection may be necessary. Even when only 
a relatively short segment of the esophagus 
requires treatment, replacement of the entire 
esophagus becomes mandatory due to its 
anatomical complexity. Esophageal resection is a 
major surgical procedure that involves removing 
a portion of or the entire esophagus and 
reconstructing it using other organs such as 
the stomach or colon. This procedure can help 
alleviate symptoms and prevent the spread of 
cancer to other parts of the body. It is 
important for individuals experiencing symptoms 
of esophageal disorders, such as difficulty 
swallowing, heartburn, or chest pain, to seek 
medical attention promptly. Although there have 
been advances in operative techniques, such 
as reducing the extent of resection and using 
laparoscopic procedures, surgical procedures for 
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esophageal reconstruction that utilize natural 
substitutes, such as the stomach and colon, are 
associated with organ loss and elevated rates of 
morbidity and mortality, leading to a lowered 
quality of life. Interesting advances have been 
made in tissue engineering techniques for the 
esophagus and other parts of the digestive tract. 
To date, most reports have focused on the 
regeneration of a portion of the esophageal wall 
or the replacement of the entire circumferential 
esophagus. However, developing a substitute for a 
complete and wall-thick segment of the esophagus 
remains a challenge, with limited reviews 
available on in vivo or human studies. 
There are two categories of scaffolds used in 
organ replacement: those composed of artificial 
materials and those derived from biological 
sources. In the realm of gastrointestinal 
regeneration, both types have been studied for 
their ability to facilitate cellular attachment, 
proliferation, and differentiation. 
Epithelial cells play a crucial role in protecting 
an implanted graft from chemical, physiological 
stress, and bacterial infections. Although these 
epithelial cells may migrate from the adjacent 
squamous epithelium to cover the graft surface 
after scaffold implantation, this process can be 
slow and result in sparse cell distribution. Hence, 
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cell sources are typically seeded onto scaffolds 
before implantation to enhance cell attachment 
and proliferation. Pluripotent stem cells, known 
as iPSs, derived from a patient's own cells, which 
reduce the risk of rejection by the immune 
system. Autologous cells, which are not rejected 
by the immune system and do not require 
immunosuppressive agents, are often used. 
Mesenchymal stem cells (MSCs) are also a 
potential source for regenerating epithelial and 
smooth muscle tissues due to their easy 
obtainability and ability to differentiate into 
both epithelial and muscle cells. Biologically-
derived acellular tissue scaffolds, specifically 
decellularized small intestinal submucosa (SIS), 
possess specific advantages. They preserve the 
natural architecture of the extracellular matrix 
(ECM), which enhances epithelial cell attachment. 
Moreover, these acellular tissue scaffolds contain 
vascular endothelial growth factor (VEGF) and 
basic fibroblast growth factor (bFGF), which 
facilitate the vascularization in the implanted 
graft. 
Several researchers have employed the donor 
omentum or latissimus dorsi muscle to provide 
a blood supply to a regenerated organ by 
wrapping it, as regenerated organ requires new 
blood vessels for nutrient exchange to maintain 
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viability. Workman et al. developed human 
intestinal organoids, which were combined with 
neural crest cells derived from iPSCs, resulting 
in the differentiation of both neurons and glial 
cells. The results of their study indicated that 
the neural network was effectively integrated into 
the intestinal smooth muscle and elevated in a 
rhythmic wave movement. 
Two strategies to prevent esophageal stricture 
following endoscopic submucosal dissection (ESD) 
have been reported in clinical settings, including 
the use of an ECM scaffold and an epithelial 
cell sheet. Based on preclinical research, Badylak 
performed a clinical trial on five patients 
with either Barret's esophagus. These patients 
underwent long-segment, circumferential sleeve 
resection of the mucosa and had an ECM scaffold 
placed over the site of the resected tissue. 

The stomach is a highly complex organ that 
plays an important role in the breakdown and 
processing of food. The lining of the stomach, 
known as the gastric mucosa, consists of different 
types of cells, such as endocrine, parietal, chief, 
mucous gland neck, and surface mucous pit cells. 
This mucosa is constantly exposed to physical 
and environmental stress, which has the potential 

Stomach
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to harm the local epithelial cells. One of its 
key functions is motility, which involves the 
mechanical breakdown of food and the mixing 
of digestive enzymes to further break down food 
chemically. The process of gastric emptying, or 
the movement of food from the stomach into 
the duodenum, is regulated by a combination of 
mechanical, neuronal, and hormonal factors to 
ensure that nutrients are delivered to the small 
intestine in an orderly manner for absorption. 
The mucosal surface of the stomach is vulnerable 
to various microbes, including bacteria and 
viruses. The process of repair consists of two 
distinct phases. Firstly, the re-epithelialization 
stage, in which neighboring epithelial cells 
migrate and reproduce This is followed by 
a regenerative phase, in which epithelial cells 
regenerate new, continuing, and functional 
glandular tissue to replace the damaged tissue. 
The Helicobacter pylori (HP) are one of the main 
causes of inflammation and injury to the gastric 
epithelium, which can lead to gastritis, peptic 
ulcers, and gastric cancer. 
However, disruptions in stomach motility can 
occur due to conditions such as diabetes, depletion 
of interstitial cells of Cajal (ICCs), or weakened 
smooth muscle function. These disruptions can 
result in delayed or rapid gastric emptying, which 
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can cause a range of symptoms and complications. 
Unfortunately, regenerating the entire stomach 
is a complex process with numerous hurdles, 
so current efforts to regenerate the stomach are 
mainly focused on the fabrication of the epithelial 
component. 
The regeneration of the entire multilayered 
structure of the gastric wall has not yet been 
achieved due to the variation in the epithelial 
component and the intricate muscular layer. The 
study design for gastric regeneration focuses on 
two aspects: the restoration of the epithelial 
lineage and the enhancement of the gastric walls' 
physiological properties. 
The regeneration of the gastric epithelial lineage 
can be accomplished by employing a range of 
cell sources, including adult cells, tissue stem 
cells, and organoids. Regenerated cells have 
been evaluated using immunohistochemistry for 
epithelial markers and functional analysis. They 
have also proven effective in investigating the 
pathological processes of Helicobacter pylori 
infection, a significant cause of chronic gastritis 
and gastric cancer. 
Physiological reinforcement of the gastric 
wall has been achieved through bioengineered 
gastrointestinal sphincteric constructs, but 
successful regeneration of the gastric wall, 
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complete with peristaltic movement, has not yet 
been established. Therefore, current efforts have 
mainly focused on restoring partial defects in the 
gastric wall. 

The small intestine is characterized by peristalsis 
and segmental contractions, which enhance the 
surface area of the villi in the intestinal 
epithelium, promoting nutrient absorption. 
However, loss of intestinal segments due to 
congenital defects or multiple surgical resections, 
as in cases of inflammation or cancer, can 
lead to short bowel syndrome (SBS), a condition 
characterized by truncated segments in the 
small intestine, inadequate nutrient absorption, 
malnutrition, and adaptive changes in bowel 
motility. 
To develop engineered tissues for the intestine, 
adjustable mechanical properties in tubular 
scaffolds are essential. Regeneration of the 
muscular layer with a specific orientation 
is crucial, considering its innervation by 
the myenteric plexus for coordinated motility. 
Additionally, the submucosal plexus, located 
between the circular muscle layer and the mucosal 
layer, plays a critical role in regulating absorption 
and secretion. Thus, creating a functional tissue-

Small Intestine
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engineered intestine must take into account this 
intricate architecture. 
Initial studies used mesenchymal stem cells to 
investigate muscle regeneration feasibility but 
encountered challenges, such as the inability to 
regenerate the smooth muscle layer. However, 
modern advancements in intestinal tissue 
engineering have proven to be successful in 
vitro. Induced pluripotent stem cells (iPSCs) from 
mice were differentiated into smooth muscle 
sheets displaying peristaltic features, exhibiting 
coordinated contraction, and offering potential 
for tissue engineering a fully functional intestine. 
The application of organoid units obtained 
from intestinal biopsies has garnered significant 
interest, with investigations into their potential 
for intestinal regeneration following implantation 
onto polymer scaffolds. The resultant tissue 
demonstrated the presence of nerves and muscle 
and exhibited architectural similarities to native 
intestinal tissue. 
The small intestine submucosa (SIS) bioscaffold 
has demonstrated great potential for allogeneic 
transplantation and tissue repair, as evidenced 
by experimental findings and numerous studies. 
SIS possesses a natural three-dimensional 
structure and serves as a source of 
various cytokines, including transforming growth 
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factor-beta, VEGF, (bFGF), epidermal growth 
factor, insulin-like growth factor-1, fibronectin, 
heparin, glycosaminoglycan, chondroitin sulfate, 
hyaluronic acid (HA), and heparin sulfate. This 
material facilitates host cell attachment and 
migration, improves biocompatibility with host 
tissue, and promotes rapid binding to host tissue, 
angiogenesis, and restoration of tissue function. 
Although SIS exhibits promising characteristics in 
the fields of tissue engineering and regenerative 
medicine, certain drawbacks remain, including 
differences in surface structure relative to 
the extracellular matrix, rendering the scaffold 
suboptimal in terms of anticoagulation and cell 
adhesion. Furthermore, the mechanical strength 
of SIS is relatively low, restricting its utility in 
tissue engineering. In light of these limitations, 
a variety of modifications to SIS have been 
undertaken to address specific needs. 
The surface of SIS scaffolds can be modified 
using five commonly employed methods: 
functional group bonding, protein adsorption, 
mineral coating, topological modification, and 
drug combination. Previous studies established 
the development process, purpose, and unique 
characteristics of each method. These methods 
individually contribute to surface modification, 
and research demonstrated their effectiveness 
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in promoting the formation of a cellular 
microenvironment on the surface of SIS. 

Inflammatory bowel disease (IBD) is a medical 
condition that includes two primary diseases: 
ulcerative colitis (UC) and Crohn's disease 
(CD). IBD is characterized by continuous and 
spontaneous inflammation of the gastrointestinal 
tract. The onset of this condition may 
result from the coexistence of multiple risk 
factors, including genetic predisposition, immune 
system dysregulation, environmental factors, 
and microbial dysbiosis. Epidemiological data 
suggests that IBD is notably more widespread 
in Western nations compared to Eastern 
nations. Nevertheless, the prevalence of IBD is 
progressively rising in Asian countries. 
The clinical manifestations of IBD primarily 
include enteritis, diarrhea, recurrent bleeding, 

Colon
The large intestine, commonly referred to as 
the colon, plays a crucial role in the digestive 
process by hosting a diverse community of 
microorganisms known as microbiota, which 
are responsible for the uptake of water 
and electrolytes, the enzymatic breakdown of 
nutrients, and the formation and transportation 
of matter.
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abdominal discomfort, decreased appetite, and 
weight loss. 
Over the past decade, the treatment of IBD 
has significantly improved, primarily due to the 
remarkable clinical efficacy of biologic agents, 
including anti-TN-a antibodies. These therapeutic 
interventions primarily focus on managing the 
inflammation that occurs in the mucosal lining 
of IBD patients. However, comparatively less 
emphasis has been placed on the restoration of 
tissue damage, which can manifest as intestinal 
ulcers. 
In cases where mucosal inflammation occurs 
or recurs, the inflammatory environment can 
often lead to the destruction of the mucosal 
architecture, consequently disrupting a range of 
functions specific to the mucosa. The intestinal 
mucosa plays a crucial role in maintaining 
immunological homeostasis. Therefore, repairing 
the functional and structural damage to 
the intestinal mucosa is crucial for treating 
patients with IBD. The concept of mucosal 
healing emphasizes the importance of regulating 
inflammation and promoting proper regeneration 
of the damaged intestinal mucosa to achieve long-
term remission and improve clinical outcomes for 
patients with IBD. 
The intestinal mucosa is composed of three 
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distinct cell populations, including lymphocytes, 
mesenchymal cells, and epithelial cells. Over the 
years, numerous research studies have attempted 
to utilize hematopoietic stem cells (HSCs) or MSCs 
as potential treatments for IBD. Recently, advances 
in culture techniques have identified intestinal 
stem cells (ISCs) as a new option for regenerative 
medicine in IBD patients. The expanded selection 
of stem cell sources may enable the development 
of more effective stem cell-based therapies for 
patients with refractory IBD. 
However, current treatments for IBD primarily 
target immune cells or the inflammatory cytokine 
network and do not have a significant impact on 
promoting tissue repair following inflammation. 
Various growth factors (GFs) or cell-based 
treatments are a novel approach for achieving 
mucosal healing through an alternative concept. 
It is worth noting that tissue engineering 
technologies are rapidly advancing and may offer 
a next-generation treatment option for patients 
with IBD who have SBS, critical anastomoses, 
refractory ulcers, and strictures. 
MSC-based therapy is a promising approach that 
offers unique advantages and demonstrates its 
irreplaceable potential in contemporary medical 
applications. This novel therapeutic approach 
offers a new alternative for the treatment of IBD 
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and other illnesses, providing sustained efficacy 
with minimal damage and reduced recurrence 
rates. It has shown potential even in cases 
where conventional surgical methods or biological 
therapies have been unsuccessful in achieving 
complete healing. Despite the potential benefits, 
MSC-based therapy for IBD is still in the 
exploratory stage, and additional fundamental 
mechanistic and clinical studies are necessary 
to advance the development of this treatment 
approach.

Regenerative medicine can serve as a pivotal 
player in the treatment of diverse gastrointestinal 
disorders by utilizing various tools, including 
cells, scaffolds, the gut microbiome, and cell-
derived factors, to repair, regenerate, or 
restore lost or damaged tissues. However, 
the gastrointestinal tract poses challenges for 
regenerative medicine due to its multilayered 
structure and the need for additional cell types.

Notwithstanding these challenges, regenerative 
medicine approaches such as stem cell 
therapy, tissue engineering, and gene therapy, 
offer promising solutions for promoting 
tissue regeneration, reducing inflammation, and 
enhancing the overall quality of life for patients 
with gastrointestinal diseases. Tissue engineering 
approaches, such as scaffolds and organoids, have 
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been employed to develop artificial tissues and 
organs to replace damaged ones.

In conclusion, regenerative medicine presents 
a novel approach to treating gastrointestinal 
diseases by targeting the root cause of the 
ailment and promoting long-term tissue repair 
and regeneration.
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4- ROLE OF REGENERATIVE 
MEDICINE IN THE 

CARDIAC DISEASES

The rapidly developing field of regenerative 
medicine has the possibility of 
revolutionizing the treatment of 

cardiovascular disorders. Cardiac disorders are the 
leading source of mortality in the world, and 
the only available treatments are medications, 
surgery, angioplasty, and heart transplantation. 
Nevertheless, regenerative medicine provides a 
potential alternative to repair or replace damaged 
cardiac tissue through stem cells, growth factors, 
and other regenerative approaches.
Using stem cells is one of the most promising 
areas of regenerative medicine for heart disorders. 
Stem cells are undifferentiated cells that can 
differentiate into many cell types inside the body. 
In the context of cardiac disorders, it has been 
demonstrated that stem cells have the capacity to 
restore damaged heart tissue by developing into 
cardiomyocytes and other heart tissue-composing 
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cells. Many stem cells, including embryonic stem 
cells, induced pluripotent stem cells, and adult 
stem cells, such as mesenchymal stem cells and 
cardiac progenitor cells, have been utilized in 
preclinical and clinical trials. These stem cells 
can be extracted from various sources, including 
bone marrow, adipose tissue, and the heart 
itself. Despite the conflicting results of these 
trials, there is rising evidence that stem cells 
can enhance heart function and minimize scar 
tissue development in individuals with cardiac 
disorders such as myocardial infarction and heart 
failure. However, there is still much debate over 
the optimal type of stem cell, the best delivery 
method, and the long-term safety and efficacy of 
stem cell therapy. Using growth factors and other 
biological agents that stimulate cell development 
and regeneration is a second potential method in 
regenerative medicine for heart disorders. Growth 
factors are proteins that stimulate cell growth 
and division. In animal models of myocardial 
infarction, fibroblast growth factor-2 (FGF-2) has 
been found to induce the creation of new blood 
vessels and enhance heart function. Similarly, 
insulin-like growth factor-1 (IGF-1) has been 
shown to improve cardiac function and reduce 
scar tissue formation in animal models of heart 
failure. Growth factors can be supplied directly to 
cardiac tissue by injection or some other delivery 
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platform, such as a scaffold. However, like stem 
cells, there is still much debate over the optimal 
type of growth factor, the best delivery method, 
and the long-term safety and efficacy of growth 
factor therapy.
Heart failure is a chronic disease that develops 
when the heart fails to circulate enough blood 
to meet the body's requirements. It is a leading 
cause of morbidity and mortality worldwide, 
and current treatment options are very limited 
to drugs, lifestyle modifications, and implantable 
devices. Regenerative medicine, particularly stem 
cells and growth hormones, has emerged as a 
possible treatment for heart failure. A study found 
that intracoronary injection of mononuclear cells 
generated from bone marrow increased the 
left ventricular ejection fraction and decreased 
mortality in heart failure patients. Another study 
revealed that stem cell treatment increased the 
left ventricular ejection fraction and decreased 
hospitalizations linked to heart failure. Many 
growth factors, including vascular endothelial 
growth factor (VEGF), FGF-2, and IGF-1, have also 
been investigated in the setting of heart failure. 
These growth factors can be injected directly into 
the heart tissue or administered through a scaffold 
or other delivery mechanism. During myocardial 
infarction in rat models, studies have indicated 
that VEGF might possibly promote left ventricular 
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dysfunction and result in the development 
of heart failure. However, the present data 
are conflicting since diverse impacts of this 
component have been identified. For instance, 
a 2011 study indicated that VEGF might have 
the ability to treat heart failure resulting from 
ventricular hypertrophy due to aortic stenosis.
In addition to stem cells and growth factors, 
several regenerative treatments for treating 
cardiac disorders are being investigated. They 
include tissue engineering techniques to build 
functional cardiac tissue using scaffolds and 
cells and gene therapy techniques that aim to 
transfer therapeutic genes to the heart tissue. 
In the treatment of heart disorders, regenerative 
medicine has shown considerable promise. 
Among the several new and developing study 
fields in this discipline are the following:
1. Exosomes: Exosomes are extracellular vesicles 
that play a critical role in signaling pathways. 
It is known that they include numerous 
signaling components, including proteins, RNA, 
and microRNAs, which can affect gene expression 
in recipient cells. Exosomes are being investigated 
as a potential therapeutic approach for myocardial 
regeneration. Exosomes generated from stem cells 
have been found to induce angiogenesis and 
enhance heart function in animal models of 
myocardial infarction.
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2. Gene editing: Gene editing strategies such 
as CRISPR-Cas9 have advanced the concept of 
genetics. The possibility of gene editing to cure 
hereditary heart disorders is being investigated 
by scientists. For instance, researchers have used 
CRISPR-Cas9 to fix hypertrophic cardiomyopathy-
causing mutations in patient-derived induced 
pluripotent stem cells.
Biomaterials: Biomaterials, such as hydrogels 
and scaffolds, can be used to produce three-
dimensional structures that assist stem cell 
development and differentiation. The potential 
of biomaterials to promote the engraftment 
and survival of stem cells in the heart is 
being investigated. A recent study, for instance, 
demonstrated that a cardiac extracellular matrix 
hydrogel enhanced heart function in individuals 
with acute myocardial infarction.
4. Tissue engineering: Tissue engineering entails 
the production of functional tissue using 
a combination of biomaterials and cells. 
Researchers are investigating the possibility of 
using tissue engineering to develop transplantable 
heart tissue with functional properties. A 
recent study, for instance, demonstrated that 
transplanting heart tissue produced from human 
embryonic stem cells into rats enhanced cardiac 
function and decreased scar formation.
5. Reprogramming: Reprogramming involves 
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converting one cell type into another using 
genetic or chemical manipulation. Scientists are 
investigating the possibility of reprogramming to 
create heart cells for transplantation. For example, 
a recent report demonstrated that fibroblasts 
could be reprogrammed into cardiomyocyte-like 
cells using a mixture of chemicals and growth 
factors.

In general, regenerative medicine has significant 
potential for treating heart disorders. While there 
are still numerous obstacles to overcome, such 
as improving the administration of regenerative 
treatments and ensuring their safety and efficacy 
in clinical trials, significant progress has been 
made. Regenerative medicine has the potential to 
alter the treatment of heart illnesses and improve 
the lives of millions of people by utilizing the 
body's natural regenerating capabilities.
Our knowledge about the activation of 
proliferative mechanisms in pluripotent stem cells 
into most tissues of human organs has advanced 
in the laboratory. The growth of the heart before 
birth is mainly conducted by the proliferation of 
cardiomyocytes (hyperplasia). In the first decade 
of humans life, cardiomyocytes enter mitotic 
quiescence, and further heart growth occurs 
mainly by increasing cardiomyocyte size. The 
myocardium organized by developing 
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cardiomyocyte fuses with neighboring 
cardiomyocyte to build an electromechanically 
functional syncytium through well-defined gap 
junctions and adherence junctions. 
Cardiomyocytes derived from human induced 
pluripotent stem cells of human (hiPSCs) are 
immature, but improved by activation of 
proliferative mechanisms or reprogramming of 
somatic cells in quiescent cardiomyocytes and� 
integrated into forced contraction or engineered 
tissues , and gradually entering the disease 
research to evaluate cardiac regeneration 
therapies. HiPSCs can be routinely produced with 
high efficiency and purity for evaluating the effect 
of drugs and investigations. hiPSCs are entering 
the research phase for examination of heart 
regeneration therapy. However, a major obstacle 
for their usage is immature condition of these 
cardiomyocytes. Recently, in many studies, it has 
been shown that cardiac cell with C-KIT positive 
(CPCs) and mesenchymal stromal cells of Bone 
marrow (MSCs) have the beneficial effect in 
reducing fibrosis, inflammation, and apoptosis by 
stimulating paracrine mechanisms during 
angiogenesis. In addition, there is a preclinical 
document that advantages of treating ischemic 
cardiomyopathy with MSCs and CPCs may be 
additive. First time, Combination therapy for the 
treatment of heart failure with CPCs and MSCs was 
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investigated in a clinical trial (CONCERT-HF) as a 
regenerative therapy. In this trial, CPCs were 
obtained through endomyocardial biopsy and 
MSCs were obtained through aspiration of bone 
marrow. In this trial, the best outcome was 
achieved with combined MSCs and CPCs therapy, 
including quality of life improvement and reduced 
hospitalization for HF, but there was not observed 
improvement in left ventricular volume or left 
ventricular ejection fraction. Some meta-analyses 
suggest that although therapy with bone marrow-
derived cells has few side effects and are safe but 
their benefits are modest and its improvement on 
the heart may be related to paracrine effects rather 
than the production of new Cardiomyocytes. 
Lower vertebrate retaining the ability to 
regenerate the heart compared to mammals may 
be due to differences in their immune response. 
Pathogenesis of myocardial infarction in lower 
vertebrates showed that the innate immunity 
preserves cardiac regeneration capacity by using 
eosinophils, which secrete cytokines such as IL-4 
with anti-inflammatory effects leading to cardiac 
regeneration rather than scar formation, but in 
other mammals innate immune system activated 
and initiated an inflammatory process with 
monocytes and neutrophils that the balance tilted 
toward fibrotic state rather than cardiac 
regeneration. Cardiovascular disease is one of the 
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prominent causes of death throughout the world, 
and for treating heart failure there is considerable 
interest in regenerative approaches. Cardiac 
regeneration is very attractive for treating of heart 
failure, because there are few organ donors for 
cardiac transplantation. Advances in stem cell 
research have laid a powerful foundation for using 
these cells to treat damaged or diseased tissues in 
regenerative medicine. In this review, the idea of 
regeneration medicine consisting of therapies on 
base of cells, genetic engineering and hybrid 
solutions has been suggested as a clear vison of a 
next generation approach for the treatment of 
heart failure and IHD.

Heart failure is a devastating disease and a 
major cause of death. The human heart is 
unable to regenerate damaged myocardium which 
in part reflecting low proliferative capacity of 
cardiomyocytes. Instead, human hearts rather 
than making functional and new muscle are 
prone to fibrotic scarring and hypertrophic 
remodeling, which often lead to heart failure 
and arrhythmias. For decades the longstanding 
belief was that after cardiomyocyte death, adult 
heart is incapable of significant replacement 
after injury using myocardial regeneration. 
Strategies such as reprogramming and cell 
transplantation that improve cardiac function 
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can be used by cardiologists. One option is 
cell transplantation for depleted cardiomyocyte 
population. Recent studies of stem cell biology 
and embryogenesis improved our understanding 
for the differentiation of progenitor cells to 
cardiomyocytes.

In humans, blood, skin, liver and, muscle 
regenerate efficiently following injury. Evidence 
from studies in neonatal mammalians and 
zebrafish have stoked the idea that after 
an experimental injury to mammalian 
heart, regenerative capacity can to provoked. 
Cardiomyocyte proliferation in first days of life 
for cardiac growth is the dominant mechanism 
while, limited cell division and hypertrophy 
are the hallmark of adult hearts. Retrospective 
lineage-tracing experiments to explain embryonic 
progenitors of cardiomyocytes have proposed 
models for new cardiomyocyte. The first model is 
the differentiation of the stem cell or progenitor 
and the second one is division of mature 
cardiomyocytes.

Heart Regeneration 
and Cell Therapy

A variety of cell types including, cardiac 
progenitor cells (CPCs), induced pluripotent stem 
cells, skeletal myoblasts, mesenchymal stem cells, 
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and cardiomyocytes have been explored in animal 
models to repair the injured hearts. Several 
challenges involving vascular blood supply, 
immune rejection, cell retention, and cell survival 
are required to be practically and technically 
overcome before stem cell therapy.

Adult Cardiac Progenitor Cells
Several approaches have reviewed into clinical 
trials, providing evidence by cell therapy to the 
cardiac regenerative possibility. Clinical trials and 
applications have shown the transplanted cells 
to take place of fibrotic scar tissue, generate 
new cardiomyocytes, and form new vascular 
structure. Several challenges involving vascular 
blood supply, immune rejection, cell retention, 
and cell survival are needed to be practically and 
technically overcome before of stem cell therapy. 
Recently, cardiac progenitor cells that can give 
rise to endothelial cells, smooth muscle cells, 
and cardiomyocytes, have significantly improved 
cardiac functions.

Pluripotent Stem Cells
Cardiac progenitor cells have limited potential 
while, induced pluripotent stem cells and 
embryonic stem cells can be reprogrammed 
into almost any cell type. Multiple groups by 
principles of stem cell therapy and developmental 
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biology, have improved these protocols for heart 
generation with pluripotent stem cell-derived 
cardiomyocytes.

Natural Cardiac Regeneration
While mammalian hearts have little baseline 
potential for regeneration, neonatal mammalian 
hearts can be regenerated after MI.

Heart Regeneration in Zebrafish
Lower vertebrates, including zebrafish can 
regenerate lost myocardium. Duration of this 
regenerative capacity is to one week after birth. 
The zebrafish heart is resembling the mammalian 
heart. Zebrafish regenerates its hearts after 
cryoinjury, hypoxia-reoxygenation damage, and 
cardiomyocyte ablation.

Regenerative Capacity of Mice
The neonatal mouse heart and lower vertebrates 
heart such as zebrafish and newt can regenerate 
during the first seven days of life.

Fetal and Neonatal Capacity
Neonatal mice, amphibians, and Certain fish are 
able to regenerate cardiac tissue following injury 
throughout life, but this process cannot be 
conducted in adult mammalian heart. According 
to genetic fate mapping , we found that the 
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heart of a 1-day-old mouse can regenerate 
after injury to its cardiac tissue. Most new 
cardiomyocytes in 1-day-old mice were created 
by cardiomyocyte proliferation and derived from 
existing cardiomyocytes. Neonatal mouse heart 
regeneration is similar to zebrafish heart. Thus, 
recent advances improved our understanding 
regarding the metabolic and physiologic state 
of the mammalian and human heart and also 
proposed a model for cardiac regeneration.

Adult Capacity
limited regeneration capacity of the adult 
mammalian heart after injury can result in heart 
failure and also put obstacle in the process of 
cardiovascular treatments. Although mechanical 
devices, numerous drugs, and different types of 
stem cells can improve cardiac function but it 
has been shown that their effects are temporarily. 
Indeed, these strategies are not satisfactory. Heart 
transplantation is the first option for end-stage 
heart failure. Therefore, innovative strategies are 
needed for heart repair. One of these strategies is 
to enhancing the inherent regenerative capacity 
of the heart in mammals that includes stem 
cell transplantation, in vivo reprogramming, and 
hypoxia.

ROLE OF REGENERATIVE MEDICINE IN THE TREATMENT...

63



DR. ERFAN RAHMANI

64

ROLE OF REGENERATIVE MEDICINE IN THE TREATMENT...

65



5- ROLE OF REGENERATIVE 
MEDICINE IN THE 

DERMATOLOGICAL DISEASES

Skin: Structure and Function

Skin is the biggest organ in the body, having 
a large amount of exposed surface area 
divided into three layers of tissue including 

the epidermis, the dermis, and the hypodermis. 
The epidermis, located at the very top of the skin, 
is a stratified layer consisting of four layers of 
keratinocytes that have undergone progressively 
more advanced stages of differentiation. Its 
principal purpose is to protect against infections 
and their adverse environmental impacts. Since it 
does not have a blood collection, the epidermis 
depends on the blood vessels underneath it for 
nutrition. The second layer, The dermis, is a layer 
of connective tissue that is mesenchymal in origin 
and is placed more profound than the epidermis 
but more superficial than the adipose tissues layer. 
The dermis is primarily fibrous and comprises 
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both elastic and collagen fibers. It is the deepest 
layer of the skin. An unstructured extracellular 
"ground material," including glycosaminoglycans, 
glycoproteins, proteoglycans, and hyaluronic acid, 
can be found in the spaces between the fiber 
components. The dermis is mainly made up of 
collagen; an abundance of type I and III collagen 
is the main component. Elastic fibers also perform 
a significant structural role inside the dermis. The 
hypodermis, sometimes referred to as subsurface 
fat tissue, protects the body from heat and 
mechanical stress while supporting the dermis 
and epidermis.

Wound Definition
Any damage to the skin, mucous membranes, or 
organ tissue is considered a wound. Superficial 
wounds limited to the skin are distinguished 
from complex wounds that are deeper and entail 
damage to tissues, nerves, and blood vessels. 
Wounds are categorized as acute or chronic, 
depending on how they heal. Tissue damage 
called acute wounds takes fifty-six to eighty-four 
days to recover. The most frequent causes of 
acute wounds are mechanical injuries (mechanical 
contact between skin and rough surfaces), flames, 
and chemical damage. Chronic wounds do not 
recover as rapidly as acute ones and leave large 
scars for many reasons. Diabetes, infections, and 
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poor primary care are the leading causes.

Wound Healing
Inflammation, blood clotting, cellular 
proliferation, and extracellular matrix (ECM) 
modification are among the geographically and 
temporal overlapping processes involved in 
wound healing, which is a known evolutionary 
process across species. however, the way that skin 
wounds heal varies depending on the species. Even 
the skin's pigmentation pattern might completely 
re-establish itself over this process. Zebrafish 
skin can regenerate subcutaneous adipocytes and 
scales throughout the healing process, making 
the regenerated skin nearly identical to the 
original. Zebrafish skin can also restore its striped 
pigmentation pattern after being injured. In 
contrast,� it is difficult for adult mammals, such 
as humans, to induce such regeneration. Adult 
animals repair wounds by producing scar tissue 
that lacks skin appendages. The scar that develops 
from accidents or burns can have catastrophic 
aesthetic and psychological effects, lowering the 
standard of life of the person because of how 
different it looks from the originally intact skin.
Moreover, the physiological and biological 
function of the skin includes skin appendages. 
For instance, skin epithelial appendages supply 
epidermal cells for mending wounds. The skin 
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• exudative phase 
• resorptive phase 
• proliferative phase 
• regenerative phase 

also receives additional duties from the hair 
follicle and sebaceous gland as sensory and human 
physiological organs. As a result, scarring hinders 
a total return to normal skin function. Therefore, 
the skin's capacity to return to its initial form is 
highly prized.

Wound Healing Physiology
Wound healing is generally classified into four 
overlapping stages.

Exudative Phase
This phase is defined by the synthesis of fibrin 
or an invasion of platelets, which creates a visible 
clot. During the exudative phase, platelets produce 
growth factors and wound-healing mediators. In 
turn, they stimulate macrophages and fibroblasts. 
The subsequent biological processes are governed 
by the growth factors and cytokines that 
produce an inflow of cellular structures that have 
previously been released.

Resorptive Phase
In the resorptive phase, stimulation of chemotaxis 
is caused by fibrin breakdown products. Between 
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twenty-four to forty-eight hours, leukocytes 
and macrophages move into the wound 
(inflammation). These biological components 
can autolyze and eliminate avian tissue 
through fermentative mechanisms. Very efficient 
phagocytosis, anti-infectious response, and the 
immune system are developed.

Proliferative Phase
During the proliferative phase, fibroblast 
immigration-associated vascular proliferation 
occurs between the third and seventh days. The 
production of granulation tissue is a defining 
trait. Epidermal cells invade the wound from 
its edges. A noticeable, delicate boundary forms. 
These mechanisms are also governed by some 
growth factors (cytokines). Fibroblasts produce 
an additional extracellular matrix. Developed 
capillaries provide the tissues with the oxygen 
required for metabolism.� MMPs are enzymes that 
modify the extracellular matrix.

Regenerative Phase
This phase may extend up to one year. 
The development of collagen increases the 
tearing resistance of the wound. This phase is 
characterized mainly by epithelization and scar 
development. In this era, there are also ongoing 
processes of remodeling and reorganization. For 
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instance, collagen type III� � is converted to type 
I collagen in more advanced wounds. Integrins 
which are Transmembrane� cell receptors� and 
cytokines, govern the communication between 
the extracellular matrix and the cell structures of 
the wound.

Regenerative Medicine
Regenerative medicine is an expanding 
multidisciplinary field of study and clinical 
application that focuses on repairing, replacing, 
or regenerating cells, tissue, or organs to 
restore compromised function due to congenital 
abnormalities, illness, trauma, or aging. It 
integrates numerous technological methods, such 
as using soluble compounds, gene therapy, 
stem cell transplantation, tissue engineering, and 
reprogramming cell and tissue types. The oldest 
instance of effective regenerative medicine may be 
drafted back to the late 1950s when the concept of 
curing heart failure by transplanting a heart from 
one human to another was first accomplished 
in animal models. Scientists and physicians 
are exploring different methods in regenerative 
medicine due to ethical issues, a scarcity of 
donor organs, and the possibility of transplant 
failure. They hope to transplant physiologically 
competent cells and designed tissues or induce 
tissue-residual stem cells to restore tissue or organ 
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function. Both adults stem cells and embryonic 
stem (ES) cells, as well as reprogrammed somatic 
cells with a multipotent, ES-like character [also 
referred to as induced pluripotent stem (iPS)cells], 
with a versatile growth and differentiation 
potential, are gaining importance in the fight 
against severe and incurable diseases. Stem cell 
treatments have been shown (in clinical trials or 
the laboratory) to treat ischemic heart disorders, 
autoimmune illnesses, such as multiple sclerosis, 
and neurological diseases, such as Parkinson's 
disease and stroke.

Skin Substitutes Biomaterials
The essential biomaterial needed to produce 
synthetically created skin substitutes is acellular 
natural or synthetic substances that provide 
the structural framework of skin substitutes for 
therapeutic purposes. There are already several 
skin replacements available for a range of 
therapeutic uses. Depending on various factors, 
they may be divided into many groups. Virtually 
all available commercial skin replacements fall 
into one of the three categories below.

1. The first group has been categorized according 
to its genesis from skin layers. It is classified 
into epidermal skin substitutes(ESS),�dermal skin 
substitutes(DSS), and dermal-epidermal skin 

DR. ERFAN RAHMANI

72

substitutes (DESS). Orcel® and Apligaft® are 
representative of this category. ESS members, 
such as Epidex®, are formed from epidermal 
keratinocytes, while DSS members are obtained 
from dermal fibroblasts and mesenchymal stem 
cells. OASIS wound matrix® is an example 
of a replacement for dermal skin. Epidermal-
Dermal composites are the third type of these 
skin replacements, which increase their clinical 
efficacy. OrCel® is an epidermal-dermal skin 
replacement.

2. Persistence is the second element in 
the categorization of skin replacements that 
are commercially accessible. They are further 
classified as temporary and permanent skin 
substitutes. Temporary skin substitutes (TSS) 
allow temporary physiologic wound closure, a 
physical barrier to microorganisms, and an 
optimal wound microenvironment. Here are some 
of the Temporary skin replacements currently 
available:
Opsite®, Hydrofilm®, and Tegaderm®. Permanent 
skin substitutes (PSS) permanently cover the 
wound and regenerate the skin components to 
give a more competent skin replacement than thin 
autologous skin grafts, such as Suprathel®.

3. Chemicals and polymers are not found in 
natural skin. These alternatives have their benefits 
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and drawbacks due to their structures. For 
instance, these goods’ artificial compositions and 
qualities may be adjusted with more precision.
Several additives, including growth factors 
and� matrix components, can expedite wound 
healing. Unfortunately, these synthetic skin 
replacements generally lack a�basal layer, and their 
design does not like that of natural skin.
Among the various synthetic skin replacements 
are Biobrane®, Dermagraft®, Integra® Apligraft®, 
Matriderm®, Hyalomatrix®, and Renoskin®.
Biosynthetic materials consist of both synthetic 
and biologically generated components. The 
most practical example of bio-synthetic skin 
replacement is Hyalomatrix®.

Components and Medical 
Applications

EpiDex® is an example of an autologous 
hair follicle-based epidermal skin substitute. 
Keratinocytes are produced in a 1 cm-diameter 
disc with a silicone layer and then transplanted 
to the wound site. OASIS Wound Matrix® 
is an acellular dermal regeneration matrix 
generated from pig jejunum subcutaneous tissue, 
leaving a structure made of glycosaminoglycans, 
fibronectin, proteoglycans, and growth factors. 
It is often used to heal wounds on the lower 
extremities and may be kept at room temperature.
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OrCel® is a bilayer cellular matrix composed of 
regular human allograft skin cells� encased in a 
type I bovine collagen sponge. It is used to heal 
chronic wounds and donor sites for skin grafts.
Tegaderm® is a temporary skin replacement made 
of Chlorhexidine Gluconate (CHG) IV gel for 
treating minor wounds temporarily. It has been 
suggested as an alternate method for delivering 
autologous cells to wound infection.

Suprathel® is an entirely synthetic skin 
replacement comprised of Lacto-capromer and 
polylactic acid copolymers. It has been utilized 
clinically in treating partial-thickness superficial 
burns. As a synthetic alternative, it just acts as 
a protective barrier against microbial invasion 
and relies on the patient's own cells to enhance 
healing.

CellSpray® is based on cultured epithelial 
autograft suspension in Ringer lactate solution 
and is administered to a deep wound to encourage 
the regeneration of the wound's surface tension. 
In therapeutic applications as an emergency 
skin replacement, its dependency on the culture 
of autologous basal keratinocytes cells poses a 
significant obstacle. Biobrane® is a manufactured 
skin substitute with an inside nylon mesh layer 
and an exterior silastic layer. In hospitals, it is 
administered to superficial burns that are clean.
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Hyalomatrix® is a scaffold-based bilayer 
skin replacement incorporating hyaluronan, 
autologous fibroblasts, and an external silicone 
membrane that, when applied therapeutically, 
may inhibit cell colonization in the wound bed.
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6- ROLE OF REGENERATIVE 
MEDICINE IN THE 

OPHTHALMOLOGICAL DISEASES

Cell-based therapies are treatment for 
debilitating ocular diseases causing by cell 
degeneration or death such as optic nerve 

and retinal diseases which can cause progressive 
blindness (age-related macular degeneration 
(AMD), retinitis pigmentosa (RP), and limbal 
stem cell deficiency (LSD). These therapies, can 
treat the abnormal cells, and possess a great 
therapeutic potential used in modern therapies, 
while currently, there is no other effective clinical 
treatment available.
The cells are commonly obtained by exogenous 
tissue� in vitro, or culturing healthy allogeneic 
for clinical transplantation. It is difficult for 
eye diseases to get large tissue because of the 
frequent needs of cells-amplification in vitro, and 
the size of tissue donors. Therefore, mesenchymal 
stem cells derived exosome (MSC-DE) are known 
as an effective way for eye injuries treatment 
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because they are small in size and have a 
rapid diffusion over the eye. Therefore, it makes 
the eye an attractive target for therapies based 
on stem cell. Moreover, MSC-DEs transfer their 
immunomodulatory cargos in infected location 
and restrict the migration of immune cell, 
resulting in autoimmune uveitis improvement.� 
Stem cells treatment in ophthalmology fallows 
two ways. 1-Cell replacement therapy, 2- trophic 
factor-based guidance cue.��

Regenerative Medicine in the 
Anterior Segment of Eye

Limbal stem cell (LSC): Corneal epithelial stem 
cells located at the basal limbal epithelium. 
Deficiency in this kind of stem cell can be caused 
by a myriad of insults presented with the later 
pathological conditions, such as damage in the 
function of corneal barrier, recurrent in corneal 
erosions, persistent of corneal epithelium defects, 
and chronic inflammation which is associated 
with the stromal scarring of the corneal, 
visualization, conjunctivalization, and finally 
blindness.�  Patients with clinically complete 
and bilateral LSCD may benefit from autologous 
LSC transplant. This may open the restoration 
of vision without the requirement for immune 
suppression.

ROLE OF REGENERATIVE MEDICINE IN THE TREATMENT...

79



Regenerative Medicine in the 
Posterior Segment of Eye

Retinal diseases (AMD, Leber congenital 
amaurosis, and cone rod dystrophy) are caused 
by lesions of retinal neuronal cells that have an 
irreversible degenerating process and damaging 
the neuronal cells of retina which causes visual 
impairment or visual loss. Stem cell therapy in 
various retinal diseases which lead to decline in 
visual acuity is effective, based on the use of the 
stem cell to restore the lost retinal tissue. Retinal 
stem cells are located in the pigmented ciliary 
margin epithelium.

AMD is a cause of vision loss in over 65 year 
old people and estimated to affect 170� million 
individuals worldwide. This retinal disease is 
slowly progressing, and driven by degeneration 
of the retinal pigment epithelium (RPE). Loss of 
RPE result in PR degeneration and concluding 
blindness. Therefore, if damaged RPE is replaced 
by healthy embryonic stem cell (hESC)-derived 
RPE, progression of the disease could be reversed.

Retinitis Pigmentosa (RP)
Retinal pigment epithelium (RPE) is a single 

layer of epithelium with a rich pigment locating 
between the neural retina and choriocapillaris 
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layer. RPE supports the metabolism and activities 
of the photoreceptor cells. It has self-renewing 
stem cells which can be induced to form other cell 
types under suitable conditions.

RPE degeneration diseases cause the death 
of photoreceptors and neural retina (loss of 
peripheral vision, reduced the ability of eyesight in 
low light conditions that leads to difficulty seeing 
at night) and in the end blindness. Treatment 
strategies, tend to focus on preserving cone PRs, 
directly or by preserving the rods. These strategies 
could in principle stop the progression of the 
disease, which would have a major effect on 
patients, especially in the earlier stages of disease.

Stem cells have the potential to cure 
each condition involving cellular pathology by 
replacing those cells because of their regenerative, 
transformative, and homing properties. 
Therefore, the efforts to establish the safety of MSC 
infusion and their impacts� in vivo�have led to the 
application of MSCs for the treatment of different 
tissue degenerative indications in humans.

The transplanted cells cannot survive without 
the support of microenvironment for a long-
term. The survived transplanted cells can not 
completely replace the recipient’s cells, however 
they add sufficient quantity and function of 
the recipient’s cells. The stem cells achieve a 
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proliferation ability and a stronger self-renewal 
capacity. It is evident that stem cells are the 
way forward, and they should be treated as such. 
Thus, researchers should pay more attention to 
the characteristics and components of each stem 
cell microenvironment in order to improve clinical 
cell therapy, and try to understand the stem cell 
microenvironment regulation.

Therefore, regenerative medicine has increased 
the importance of defining critical quality 
attributes for each cell and gene product as early as 
possible and establishing a mature manufacturing 
process appropriate for commercialization. The 
future of stem cell therapy depends on 
understanding the nature of responses to illness. 
In other words, research of MSC migration and 
homing should focus on the nature of life.

Ophthalmic diseases are one of the most prevalent 
disorders in the world and have a top rank in the 
disability-associated life years list of recent Global 
Burden of Disease (GBD). Globally, It is estimated 
43.3 million people to be blind. visual impairment 
has a huge global financial burden and the world 
costs of productivity losses related to vision 
impairment is around US$411 billion per year.

Over the last decade, there has been a revolution 
in molecular and cell biology� that provide new 
opportunities to identify, investigate, and treat 
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ophthalmic diseases.

The main fascinating prospect of regenerative 
medicine is the potential to reconstitute and 
repair injured tissues without specialized grafts, 
which are able to differentiate into miscellaneous 
specified cells. Therefore, impaired cells could be 
replaced with new generated ones. Therapeutic 
methods in the future will be based on the 
regenerative medicine and it is a foundation 
for new strategies to diagnose and treat 
ophthalmology diseases.

Recently, the first gene therapy with LUXTURNA®� 

(voretigene neparvovec-rzyl) for treatment of 
Retinitis Pigmentosa has been approved by FDA 
which giving hope for a probable cure for this 
disease that affect a few number of patients. This 
treatment improves vision but follow up data have 
shown that an effect may long at least 4 years. 
Therefore, regenerative medicine in the treatment 
of retinal degenerative diseases by using cellular 
replacement therapy got potential, as the same 
treatment can be used for other underlying 
acquired or genetic cause. New generation of 
stem cell technologies have been investigated 
using clinical grade cellular therapies from 
both induced pluripotent stem cells (iPSCs) and 
human embryonic stem cells (hESCs) for retinal 
degenerations.
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Currently, the gold standard treatment of corneal 
severe diseases that compromised visual acuity 
is corneal transplantation. However, the rate of 
corneal transplantations is low because of the 
lack of donors and acceptable corneal tissues 
beside the economic and socio-sanitary issues. 
Actually most of grafts are rejected because of 
insufficient storage and/or harvesting. Limitation 
in transplantation highlights the necessary of 
current investigation of regenerative medicine for 
finding effective potential treatment to benefit 
from replacement therapy without using tissue 
grafts.

In the recent decades, one of the principal 
development has been capacity of using genetic 
analysis to recognize disease-causing variants 
and risk factors. Currently, roughly 280 genes 
have been identified as underlying causes of 
retinopathies. Identification of retinopathies gene 
mutations is pleasing because this finding lets to 
get a precise detection for their disease because 
of requirement of different treatments for each 
mutation.

Other ocular diseases are distinctly multigenic 
and this has important inferences for diagnosis 
and treatment, in most of these genes, mutations 
are not cause of disease but work as risk factors 
and change the susceptibility of a person to 
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a particular disease. Corneal epithelial cells are 
continuously obtained from limbal stem cells. 
These stem cells isolation and culture have 
allowed new technique of corneal epithelium 
replacement. Other ocular tissue for replacement 
therapy is the� retinal pigment epithelium (RPE). 
Isolation of RPE cells can be from donor tissue 
or can be obtained by differentiation of stem 
cells. Using regenerative medicine for retina is 
much harder problem. Because of retina function, 
the getting and processing of visual information, 
needs not only the true cell types but also their 
proper synaptic connections There are program to 
create photoreceptors from stem cells and transfer 
them into the subretinal space. A more aspiring 
approach will be to create retinal ganglion cells 
and transfer them into the retina to replacing 
destroyed cells in glaucoma and other optic 
neuropathies.

Retinal cells have the capability to organize 
themselves into the functional units during 
progressing. Instead of trying to transplant new 
cells onto a preformed retina, letting cells to 
create miniretinas, as retinal organoids, could 
issue the circuitry necessary for visual processing. 
Transferring of such retinoids could supply some 
measure of returning of visual function. The 
balanced state of an eye cell is conserved by a 
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series of epigenetic controls. This restricts the 
ability of cells to respond to trauma or disorders. 
By changing the epigenetic situation it may be 
feasible to get a cell back into a more plastic 
situation and let it to reset many pathways 
that can manage the disease. Higher precision 
in diagnosis will let the right choice treatment 
that is most suited to the patient. Numerous 
new treatments will halt disease progression and 
preserve vision. Most principals are the new 
strategies that provide hope of vision repairing to 
those who have already become blind.
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7- ROLE OF REGENERATIVE 
MEDICINE IN THE ORAL DISEASES

Periodontitis is the inflammation of the 
periodontium associated with microbial 
biofilm that leads to periodontal 

attachment loss and can ultimately cause tooth 
loss. It is the sixth most prevalent disease 
worldwide and is associated with various 
systemic diseases, including cardiovascular 
diseases, diabetes, and pregnancy complications. 
The objective of regenerative periodontal therapy 
is to restore the periodontium including 
new cementum containing inserted collagen 
fibers, new periodontal ligament (PDL), and 
new alveolar bone. Conventional nonsurgical 
and surgical periodontal therapy result in 
clinical improvements observed as probing 
depth reduction and clinical attachment gain; 
however, healing occurs mostly by formation 
of long junctional epithelium with minimal 
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periodontal regeneration. In order to enhance 
periodontal wound regeneration and clinical 
outcome stability, there is a constant quest 
for innovative materials and improved surgical 
procedures. In 1976, Melcher developed the basic 
notion of employing barrier membranes to guide 
the process of wound healing in intraosseous 
defects called guided tissue regeneration or GTR. 
Barrier membranes provide wound stability and 
occlude epithelium and connective tissue cells and 
maintain the space for PDL and perivascular bone 
cells leading to regeneration of the periodontium.
It has been demonstrated that regenerative 
therapies are superior to open flap debridement 
for treating osseous defects. Several techniques 
and biomaterials have been studied. Recent 
systematic reviews have concluded that enamel 
matrix derivatives (EMD) or GTR with resorbable 
membranes combined with papilla preservation 
flaps are the best choices for optimal regenerative 
outcomes and the use of deproteinized bovine 
bone can improve the outcome of the surgery.� 
Due to their capacity to reduce the size of 
the periodontal defect, autogenous, allogeneic, 
xenogeneic, and synthetic materials are referred 
to as bone fillers. These bone fillers help to 
maintain the space for regeneration by preventing 
the collapse of the barrier membrane into the 
defect.
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The optimal membrane should have the following 
characteristics. First, it should be biocompatible 
to trigger an immunological response or acute 
inflammation. Second, it should function as a 
barrier and exclude particular types of cells 
including epithelial and connective tissue cells. 
Third, the membrane should preserve the space 
next to the root surface, permitting the ingrowth 
of periodontal ligament tissue but it should 
also be able to integrate with the surrounding 
tissue to prevent its exposure. Finally, an optimal 
membrane should be easy to manipulate during 
surgery and have good handling properties. There 
are two major types of barrier membranes 
including resorbable and non-resorbable 
membranes. The non- resorbable membranes need 
to be removed by a second surgery after the 
regeneration is complete. Polytetrafluoroethylene 
and membranes reinforced with titanium are 
the most common types of non-resorbable 
membranes.

Resorbable membranes are mostly composed of 
collagen which may be native or cross-linked 
to reduce its biodegradation and increase its 
function as a barrier. Cross-linking increases the 
chemical links between collagen fibers, resulting 
in a slower resorption rate. Collagen membranes 
have a low risk of exposure in the oral cavity, 
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but their lack of mechanical stability necessitates 
the addition of bone substitutes or fillers.� 
Biologics including proteins, growth factors, or 
a complex combination of these substances can 
also be used to enhance the regenerative process, 
such as periodontal regeneration, by stimulating 
periodontal cells. These include enamel matrix 
derivative (EMD), recombinant human platelet-
derived growth factor-BB (PDGF—BB), and bone 
morphogenic proteins (BMP). In 1997, Heiji et 
al. conducted the first study to demonstrate 
the efficacy of EMD by comparing it to open 
flap debridement in intraosseous lesions. EMD 
was associated with considerable periodontal 
attachment and reduction in pocket depth.

Many studies have compared the outcomes of 
EMD versus GTR. EMD has demonstrated equal 
performance to GTR; moreover, the potential 
problems of GTR including membrane exposure 
indicate that EMD is a safer material with fewer 
complications. However, the anatomy of the defect 
is critical to the regeneration potential of this 
molecule because EMD alone cannot maintain the 
space for regeneration and can only be used in 
contained defects.

Platelet-derived growth factor (PDGF) also plays 
a critical role in tissue regeneration and wound 
healing. Lynch was a pioneer in the study of the 
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role of PDGFs in the promotion of periodontal 
tissue regeneration. PDGF-AA, PDGF-AB, and 
PDGF-BB are the three distinct types of PDGFs 
currently known. Of these, PDGF-BB has been 
shown to be the most effective in regenerating 
both soft and hard tissues. Many growth factors 
are undergoing animal and human randomized 
clinical trials as potential future biologics. These 
include Protein 15 (P-15), osteogenic protein 1 
(OP-1), parathormone (PTH), and anti-sclerostin 
antibodies (SOST). These factors could potentially 
increase the amount of regenerated tissue and 
decrease the time needed for the regeneration 
process. PepGen P-15 is an engineered bone graft 
which mimics the natural bone structure. Its 
organic component comprises of type I collagen 
and a 15 amino acid sequence which can provide a 
favorable environment for osteoblasts, fibroblasts, 
etc..

Another vital growth factor is fibroblast growth 
factor (FGF), which is involved in angiogenesis, 
wound healing, and tissue regeneration. Among 
these, FGF-2 has received the most attention. 
FGF-2 has mitogenic and angiogenic properties 
due to its ability to bind to heparin. FGF has been 
shown to enhance bone formation by accelerating 
osteoprogenitor cell differentiation. It has also 
been shown to induce the proliferation of 
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PDL� cells, thus making it an intriguing candidate 
for periodontal soft and hard tissue regeneration.

One of the most common human disorders is 
craniofacial deformitie (CFD). CFDs result from 
oral diseases such as oral cancer resection, and the 
formation of intrabony defects. Oral Squamous 
cell carcinoma (SCC) which is an aggressive oral 
cancer can result in massive jaw bone destruction. 
Moreover, One-third of oral diseases are derived 
from periodontal diseases. Periodontitis can lead 
to severe bone loss in some cases. Therefore, 
many patients are in desperate need of finding an 
effective treatment.� In this regard, many methods 
have been introduced and developed to treat some 
kinds of CFDs.

Regenerative Medicine in 
Periodontal Diseases

Periodontitis which is an inflammatory disease 
can lead to severe bone loss. It is characterized 
by the formation of the bone defect. Some 
regenerative treatments such as gene therapy, 
scaffold fabrication technologies, and cell therapy 
were used to increase the ability of the tissue to 
regenerate.

Cell plays a pivotal role in tissue growth and 
differentiation. In the cell-based regeneration, 
cells are transferred to defect sites to speed the 
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process of tissue reconstruction. These cells can 
transform into several cell types which can secrete 
growth factors to stimulate tissue regeneration. 
Mesenchymal stem cells can differentiate into a 
wide range of cell types which are capable of 
regenerating.

Platelet-derived growth factor (PDGF) has a 
mitogenic impact on cells which is derived 
from periodontium. Ad–PDGF-B transduction can 
improve the ability of gingival fibroblasts to 
migrate and proliferate. Therefore, soft tissue is 
able to regenerate its defect.

Bacteria pathogens can stimulate an immune 
response. This response has a negative effect 
on periodontal tissue which can lead to bone 
destruction. one of the effective methods used for 
host response modulation is gene delivery. This 
technique can control periodontal progress.

Scaffolding matrices act as three-dimensional 
template structures which provide a space for 
supporting tissue regeneration. It can prohibit 
tissue from collapsing and this long-term stability 
can support tissue growth.

Regenerative Medicine 
in Oral Cancer

Some regenerative treatments such as cell 
engineering and cell therapy are introduced to 
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reconstruct and induce tissue regeneration.�  By 
transferring genetic material into a cell, it 
is possible to manipulate the features and 
characteristics of the cell. Gene therapy can 
be considered a new treatment to reverse an 
abnormal condition by adding a new normal and 
practical copy of the allele.

Cell therapy encompasses a wide variety 
of therapeutics, from cell-based vaccines to 
engineered cells. The use of stem cells is a 
conservative treatment which can help tissue to 
revive. Stem cells build the foundation of our 
tissue and organ. These cells have the ability to 
reconstruct the defects which are the direct result 
of some oral diseases. Stem cells are able to release 
a wide range of substances, including growth 
factors, chemokines, and cytokines. These factors 
can suppress and modulate the immune system. 
Therefore, they can decrease tumor volume by 
obliterating metastatic cells.

Regenerative Endodontic 
Procedure

The aim of the endodontic regenerative procedure 
is to treat immature teeth with necrotic pulp. In 
this procedure, the major goal is to increase the 
root wall thickness. In fact, this procedure tries to 
form an apical closure. This procedure is described 
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by several key stages, including the proliferation 
of stem/progenitor cells to the site of damage, 
inducing differentiation of odontoblast-like cells, 
and releasing activator substances in order to 
initiate the regenerative process. To perform these 
steps effectively, it is very important to prevent 
apical extrusion during the debridement of the 
canal. Irrigant used in root canal therapy has a 
toxic effect on cells and therefore interfere with 
the regenerative procedure.

With the potential to encourage tissue repair and 
regeneration and enhance the long-term effects of 
endodontic treatment, regenerative medicine has 
emerged as a promising strategy in endodontics.

In order to encourage the growth of new tissue 
in the pulp-dentin complex, which has the 
ability to restore the function of the decayed 
or damaged tooth, endodontic regeneration uses 
scaffolds, growth factors, and stem cells. Several 
studies have looked into the use of stem cells for 
endodontic regeneration from a variety of sources, 
such as dental pulp, apical papilla, and tooth 
follicles. In addition, it has been demonstrated 
that growth factors such as platelet-derived 
growth factor, insulin-like growth factor, and 
transforming growth factor-beta can encourage 
the formation of new tissue, as well as stimulate 
the proliferation and differentiation of stem cells.
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Endodontic regeneration presents a number of 
challenges, one of the most significant of which 
is the selection of an appropriate scaffold. A 
scaffold acts as a support framework for stem 
cells and growth factors, and it also facilitates the 
formation of new tissue. Collagen, chitosan, and 
hydroxyapatite are just some of the scaffolding 
materials that have been investigated.

The transportation of stem cells and growth 
hormones to the area that needs to be 
regenerated is yet another crucial aspect of 
endodontic regeneration. Several methods, such 
as direct injection, encapsulation in hydrogels, 
and incorporation into structures, have been put 
forward as potential solutions.

While the field of regenerative medicine in 
endodontics is still in its infancy, it holds great 
promise for enhancing endodontic treatment 
outcomes and restoring the function of damaged 
teeth.

The subject of regenerative medicine is 
undergoing rapid development and has 
demonstrated significant potential in treating 
oral and maxillofacial conditions. This strategy 
calls for applying biological components, such as 
stem cells and growth factors, to facilitate the 
regeneration and healing of damaged tissue.

Dental implants are a common treatment for tooth 
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loss, but the success of implantation depends on 
the quality and quantity of the surrounding bone 
tissue. Regenerative medicine has been explored 
as a means of enhancing bone regeneration and 
implant integration.

Salivary gland disorders can lead to dry mouth 
and other oral health problems. Regenerative 
medicine has been explored as a means of 
promoting salivary gland regeneration. Using 
stem cell therapy in conjunction with regenerative 
medicine is a potential treatment for severe cases. 
Stem cells are classified into three groups: tissue 
stem cells, embryonic stem cells, and induced 
pluripotent stem cells. Irradiation can cause 
salivary gland hypofunction, but certain types 
of tissue stem cells, such as hematopoietic stem 
cells (HSCs), mesenchymal stem cells (MSCs), and 
salivary stem/progenitor cells, have the potential 
to reverse this condition. Both HSCs and MSCs 
can rescue salivary gland hypofunction through 
soluble factors in a paracrine manner, while 
salivary stem/progenitor cells can reconstitute the 
damaged salivary glands.

These studies, taken together, show that there is 
a possibility for regenerative medicine to be used 
in dentistry. By utilizing biological materials such 
as stem cells and growth factors, regenerative 
medicine aims to promote the regeneration 
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and repair of damaged dental tissues. On the 
other hand, additional research is required to 
establish these treatments' long-term safety and 
effectiveness when applied in clinical settings.

Regenerative medicine is a branch of modern 
medicine in which human cells, tissues, and 
organs get replaced or regenerated to re-establish 
their physiological function. This particular field 
of medicine tries to stimulate the regeneration 
of tissues and organs through the usage of 
biomaterials in vivo or by preparing substitutes in 
vitro.

Bony defects of the oral cavity can range 
from localized bone loss as a consequence of 
periodontal disease to an extensive loss of hard 
tissue following a trauma or tumor resection. 
Regenerating the lost tissues is a formidable 
challenge since not only the newly-formed 
tissue must show enough strength to endure 
physical loads, but also it should provide an 
internally porous scaffold with an outer surface 
adequate for adherence, migration, proliferation, 
and differentiation of cells. The simplicity of 
treatment procedure and higher cost-efficiency 
are the two other desired criteria when searching 
through regenerative medicine modalities.

Periodontics
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The primary goal of regenerative medicine in 
periodontics is to restore periodontal tissues and 
bring their function back. There are numerous 
ways to achieve the stated objective. Guided tissue 
regeneration (GTR) permits particular types of 
cells to proliferate in the periodontal wound after 
surgical exposure. Barriers and bone substitutes 
work together to prevent the migration of adjacent 
epithelial cells toward the regenerating area. 
Consequently, the periodontal ligament (PDL) cells 
would have sufficient time to colonize the desired 
area and obtain the proper clinical outcomes. 
On the other hand, when the clinician requires 
the benefits of barrier membrane alongside bone 
substitute insertion, the technique of choice 
would be guided bone regeneration (GBR). The 
available biomaterials to choose from solely or in 
combination for bone regeneration include bone 
grafts, barriers, and biologics/cell therapy agents.

Bone Grafts
Bone substitutes are the material of choice 
when remaining bony walls surround the defect 
and can provide a sufficient blood supply along 
with mechanical support for the implanted 
bone graft. Scaffolding, space provision, blood 
clot stabilization, and osteoconductive and/
or osteoinductive functions are the sought-
after roles for a bone graft to play. Regarding 
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origins, bone grafts are categorized into four 
groups: autogenous, allogenic, xenogenic, and 
alloplastic. The donor site for autogenous bone 
may be intraoral (e.g., mandibular ramus) or 
extraoral (e.g., iliac crest). Allogenic biomaterials 
can be elaborated as fresh-frozen bone, freeze-
dried bone, and demineralized freeze-dried bone. 
Common xenografts used for bone substitution 
are deproteinized bovine bone and equine 
bone. Moreover, ceramics (e.g., hydroxyapatite), 
bioactive glass, polymeric scaffolds, and titanium 
granules are the synthetic alloplasts of choice.

Barriers
After surgical exposure and debridement of 
bone defect, different cell populations attempt 
to occupy the wound space, including epithelial 
cells, connective tissue cells, bone cells, and PDL 
cells. Since the downgrowth of epithelial cells 
and forming a long junctional epithelium are 
unfavorable, barriers are put in place to allow the 
colonization of specific cell types beneficial for 
tissue regeneration. These barriers also offer extra 
physical support when placed alongside bone 
substitutes. Furthermore, the cutting-edge “third 
generation” membranes are able to deliver specific 
agents such as antibiotics and growth factors 
besides their functions as a classic barrier. Barrier 
membranes can be classified as resorbable or non-
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resorbable depending on whether they need a 
second-stage removal surgery or not. Similar to 
bone grafts, barriers can also be categorized into 
four groups: autogenous, allogenic, xenogenic, 
and alloplastic. Periosteal pedicle graft and fat pad 
can be used as autogenous donor sites. Allogenic 
sources include amnion membrane and chorionic 
membrane freeze-dried dura mater. Xenogenic 
membranes can be bovine-derived or porcine 
membrane. Additionally, alloplastic materials 
are elaborated as non-resorbable Gore-Tex®, Ti-
reinforced PTFE, and titanium mesh.

Biologics
The most state-of-the-art and rapidly evolving 
type of biomaterials used in periodontics would 
be biologics or cell therapy, which can be 
divided into growth factors, stem cells, and gene 
therapy agents. The mostly used growth factors 
for periodontal regeneration are enamel matrix 
derivative (EMD), platelet-derived growth factor 
(PDGF), bone morphogenic protein (BMP), vascular 
endothelial growth factor (VEGF), growth and 
differentiation factor 5 (GDF-5), and transforming 
growth factor β (TGF-β). Recombinant human 
BMP-2 and -7 have been approved by the 
FDA to be used in ridge augmentation and 
sinus elevation procedures. Moreover, GDF-5 
has been employed in human clinical trials 
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for periodontal objectives and sinus floor 
augmentation. Several studies regarding sinus 
augmentation have resulted in enhanced bone 
gain and alveolar ridge preservation through the 
usage of BMP-2. PDGF gene therapy has the 
ability to restore periodontal tissues by promoting 
PDL, fibroblasts, and cementum formation. PDGF-
BB is a commercially available biomaterial for 
periodontal regeneration, which has been used to 
fill intrabony defects and regenerate lost alveolar 
bone with promising long-term outcomes. 
Fibroblast growth factor 2 (FGF-2) is crucial 
for wound healing and angiogenesis. This factor 
hampers the transformation of PDL cells into 
osseous cells, maintaining their differentiation 
potential and increasing cellular proliferation. 
FGF-2 therapy has yielded satisfying bone fill 
through phase II regenerative studies and clinical 
trials. EMD has been vastly used in regenerative 
periodontics for intra- and suprabony defects and 
also implant site preparation. Moreover, this agent 
has shown beneficial effects in treating peri-
implantitis.

Brain-derived neurotrophic factor (BDNF), which 
has the potential to stimulate periodontal 
regeneration, is another substance worth 
mentioning. This factor influences bone 
remodeling through increased osteopontin 
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synthesis, BMP-2, and collagen within PDL 
cells. The desired effect on treating periodontal 
furcation defects has been reported following 
the usage of BDNF among non-human primates. 
Teriparatide (PTH 1-34) is a parathyroid 
hormone-derived biologic agent used broadly 
for osteoporosis management. Teriparatide-
based treatment modalities would help patients 
suffering from metabolic bone diseases by 
reducing osteoblast apoptosis and pre-osteoblast 
proliferation. A clinical trial showed a higher 
resolution of bony defect when using teriparatide 
during periodontal surgery compared to standard 
of care.

Recent Advancements

Cell Therapy
Cell therapy is known as the treatment or 
prevention of diseases through the administration 
of new cells into a tissue. Two major types of 
cells used for this purpose are somatic and stem 
cells. PDL fibroblasts, cementoblasts, and dental 
follicle cells are a few examples of somatic 
cells with periodontal regeneration potential. 
Showing higher differentiation ability, stem cells 
can be obtained from various sites, including 
bone marrow, adipose tissue, dental pulp, and 
PDL. Periosteum-derived cells are another type 
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that have been investigated recently. In addition 
to bone regeneration capacity, the harvesting 
procedure of these cells is less invasive and more 
straightforward.

The two chief methods for tissue regeneration 
through stem cell therapy are scaffold-free and 
scaffold-based approaches. Through the scaffold-
free method, cells get transplanted onto the 
wound region, with ECM playing the role 
of a carrier instead of cells. According to 
previous studies, periodontal ligament stem cells 
(PDLSCs) and dental pulp stem cells (DPSCs) 
are capable of regenerating periodontal tissues, 
although they represent a low cell survival 
rate following transplantation. The cell sheet 
technique is another scaffold-free strategy that 
has the potential to regenerate periodontal tissues 
diminishing ECM destruction due to no need for 
typical proteolytic enzymes. Despite the capacity 
to prevent cell migration, only simple-structured 
tissues can be made through the scaffold-
free method. Due to mentioned issues, scaffold-
free techniques do not suit the regeneration of 
complex tissues like periodontium.

Selecting multiphasic scaffolds with distinct 
structural and chemical characteristics within 
each layer can lead to complex periodontal 
regeneration. Inorganic biomaterials are desired 
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for cementum regeneration, while polymeric 
biomaterials are preferred for PDL regeneration. 
When these two materials are used in 
conjunction, scaffolds can yield bone and 
cementum regeneration. Despite the promising 
outcomes theoretically, some studies contend that 
these scaffold architectures would not completely 
resemble that of native periodontal tissues. In 
detail, the connections between cementum, PDL, 
and bone are unstable without sufficient strength 
to bear occlusal loads.

Gene Therapy
Gene therapy is the procedure in which the 
patient’s genetic profile is altered to achieve 
therapeutic objectives. It can be done by 
transfecting the desired gene into cells or 
impeding the expression of a specific gene. 
Nonviral vectors are employed for this purpose 
which are considered safe for host cells due to 
the absence of immune reactions, tumorigenesis, 
and integration into chromosomes. Representing 
lower efficacy than viral counterparts, nonviral 
vectors have been shown to improve bone 
formation. In vivo gene delivery of Ad/BMP7 in the 
collagen matrix surrounding implants improved 
bone defect fill and produced new bone-to-
implant contact. Furthermore, osseous defects can 
be safely treated using AdPDGF-B gene therapy 
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through the application of collagen matrix.

Three-Dimensional Printing
Restoration of defects or reconstruction of an 
entire organ can be done via three-dimensional 
printing of biomedical devices. Various techniques 
have been proposed for 3D printing, including 
stereolithography, photopolymer jetting, selective 
laser sintering, fused deposition modeling, and 
powder binder printing. Peptides, proteins, 
polysaccharides, plasmids, and living cells are 
among the printed materials until now. 
Periodontium-like tissue has been fabricated 
using 3D printing. Moreover, a 3D bio-resorbable 
framework has been implemented for periodontal 
repair.

Biohybrid Interfaces
Dental implants differ from natural teeth 
regarding the absence of PDL attachment, even 
in the presence of complete osseointegration. 
Accordingly, conventional implants are 
considered ankylosed and devoid of the 
physiological mobility observed in natural 
teeth. These clinical circumstances can be 
solved through a PDL-attached implant called 
“Ligaplant”. The ligaplant can provide shock 
absorption, proprioception, and undifferentiated 
mesenchymal stem cells. However, intricate 
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preparation procedures, higher costs, and 
unpredictable host response are among the 
drawbacks. Oshima et al. designed a murine 
bio-hybrid implant containing hydroxyapatite 
coating surrounded with embryonic dental follicle 
tissue. The results showed restored physiological 
functions, bone remodeling, and significant filling 
of bony defects through regeneration with 
periodontal tissues, such as PDL and cementum. 
In another study by Gault et al., a cementum-like 
layer was observed on ligaplant surface in addition 
to PDL, lamina dura, and proper mechanical 
features.

Fully repairing damaged organs or tissues 
or restoring their functions and regeneration 
have been dreamy for human. The advent of 
regenerative medicine and tissue engineering 
appear they make this possible. Regenerative 
medicine implies regeneration or the replacement 
of human organs, tissue or cells to establish or 
restore normal function, it is a multidisciplinary 
science that life science and applies engineering 
to promote regeneration and replacement and 
restoration of tissue that is lost from damage, 
chronic ailments or congenital defects.

Examples of the Impact 
of Regenerative Medicine 

in Oral Diseases
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Periodontal and 
Regenerative Medicine

Periodontal disease is chronic inflammation in 
humans. It is characterized by destruction the 
attachment of tooth, affect up to 90% of people 
population. Periodontal diseases cause of tooth 
loss. Prevalence of chronic periodontitis increased 
with increasing age but aggressive periodontitis 
may cause teeth loss in children. Inflammation 
that extends deep leads to the destruction loss 
of supporting connective in the gingival and 
alveolar bone are ultimately loss of collagen 
the underlying alveolar bone deepened crevices 
between tooth root and the gingiva and eventually 
can cause the tooth to be lost. Regenerative 
medicine is a novel therapeutic approach and a 
part of an emerging multidisciplinary research. 
Regenerative medicine an attractive alternative 
medical to conventional treatment enhances the 
way health of the lives of millions of people 
worldwide. Regenerative medicine follows the 
principles of tissue engineering, its purpose is 
removal of diseased tissues and the pathogen 
and stimulates regeneration of organs and tissues 
by either implanting biomaterials constructing 
substitutes in vitro for in vivo regeneration. 
For stem cell techniques in tissue engineering, 
somatic cells and periodontal stem cells can both 
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be used. They can participate in the regeneration 
of periodontal tissues, which this is a great 
breakthrough.

Cleft lip
Cleft lip or cleft palate is the most prevalent 
congenital malformation due to disturbed 
embryonic development of hard and soft tissues 
around the face area and oral cavity. Cleft palate 
and cleft lip patients for current treatments 
demand face reconstruction procedures and 
early surgery infancy and probably be revised 
during childhood. They suffer from aesthetical, 
psychosocial problems and functional of skeletal 
muscle, mucosa and skin after restorative cleft 
surgery . Fortunately, the field of regenerative 
medicine and tissue engineering are providing 
successful regenerative therapies aim to restore 
tissues.

Trauma
The etiology of trauma changes with age. In older 
children bicycle accidents, falls, fight injuries, 
motor vehicle accidents and falls are the common 
causes in children up to 4 years of old are all cause 
of trauma. Among disabling diseases, oral trauma 
especially because of specific feature such as the 
decline able to maintain homeostasis have been a 
concern for the elderly. Regenerative endodontics 
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by regenerative the dentin–pulp complex restoring 
normal function of the tooth pulp The benefits of 
that is revitalization of the tooth, continued root 
development and increasing fracture resistance. 
Regenerative medicine aims to create functional 
organs or tissue by patients’ own cells that offering 
a method to transplants.

The oral cavity is an environment comprised 
of soft tissue, bone, muscle, mucosa, skin, and 
teeth which extends from the faucial pillars 
posteriorly to lips anteriorly and is bounded 
superiorly by the roof of the mouth, laterally by 
the cheek, and inferiorly by the tongue. Millions 
of people are affected by oral cavity diseases 
worldwide, these lead to considerable mortality 
and morbidity. As a clinicopathological approach, 
we can classify these diseases as autoimmune (e.g., 
Sjögren syndrome), infectious/inflammatory (e.g., 
pulpitis, stomatitis, periodontitis), traumatic, 
neoplastic (e.g., oral squamous cell carcinoma 
(OSCC) or oral cavity squamous dysplasia) 
or congenital. For years, understanding the 
mechanisms of oral pathogenetic has been a 
significant goal of fundamental studies in oral 
biology research. Recently, many laboratories have 
focused on the characterization and identification 
of stem cells in adult and embryonic tissues. 
Regenerative medicine is an attractive field of 
biomedical engineering that its aim is to cure 
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injuries or diseases by facilitating the replacement 
of damaged or lost tissue with functional tissue 
which is physiologically similar to previous one.

Periodontitis is a multifactorial inflammatory 
disease of the oral cavity that involves the teeth, 
gum, and surrounding structure. periodontal 
defect regeneration is case-sensitive in humans. It 
depends on the variability in defects morphology, 
surgical procedure, and multiple tissue types 
involvement. The success of periodontal 
regeneration therapy depends on defect 
morphology which considers the defect angle and 
the number of remaining walls. Defects with 
wider angles or fewer bony walls are more difficult 
to treat, class II furcations and 3-wall intrabony 
defects are most predictable for periodontal 
regeneration. A complete debridement can remove 
granulomatous tissue and reduce bacterial load 
so that periodontal regeneration is obtained 
with or without biologics. As well as tissue 
regeneration, periodontal regeneration requires 
three main components, scaffolds (matrices), 
signaling molecules (growth factors), and cells. 
With wound stability, time, and sufficient 
vascularization, these components play a main 
role in regeneration. Recombinant human 
platelet-derived growth factor (rhPDGF-BB) and 
enamel matrix derivative (EMD) are the most 
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common biologics in oral regenerative medicine 
as a periodontal regenerative material. rhPDGF-BB 
has improved bone fill and accelerated the clinical 
attachment level (CAL) gain in reconstructing 
periodontal defects.
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8- ROLE OF REGENERATIVE 
MEDICINE IN THE ENT DISEASES

Ear, Nose, and Throat (ENT) diseases 
encompass a wide range of conditions 
affecting the head and neck region. 

Traditional treatment approaches for ENT 
diseases often focus on managing symptoms 
rather than providing a definitive cure. However, 
regenerative medicine has emerged as a promising 
field with the potential to revolutionize the 
treatment of ENT diseases. This article explores 
the role of regenerative medicine in ENT diseases, 
highlighting the advancements made thus far and 
the potential it holds for the future.
Introduction: ENT diseases, including hearing 
loss, sinusitis, vocal cord disorders, and nasal 
polyps, significantly impact patients' quality of 
life. Conventional treatments for ENT diseases 
often involve medication, surgery, or the use 
of assistive devices. However, these approaches 
may have limitations in terms of efficacy, long-
term outcomes, and potential complications. 
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Regenerative medicine, with its ability to repair, 
restore, and regenerate damaged tissues, offers 
new avenues for the treatment of ENT diseases.

Regenerative Medicine 
Approaches

1. Tissue Engineering and Regeneration: Tissue 
engineering and regeneration techniques have the 
potential to address various ENT conditions. For 
example, tissue engineering approaches can be 
used to regenerate damaged or missing tissues in 
the inner ear, allowing for potential restoration 
of hearing. Scaffold-based strategies, combined 
with cell-based therapies and growth factors, have 
shown promise in the regeneration of damaged 
vocal cords, leading to improved voice quality.

Moreover, tissue engineering approaches can be 
utilized to address nasal cartilage defects and 
repair damaged nasal septum, offering potential 
solutions for conditions like nasal valve collapse 
and nasal obstruction. By combining biomaterials, 
cells, and signaling molecules, tissue engineering 
strategies hold promise for restoring the structure 
and function of ENT tissues.

2. Stem Cell Therapy: Stem cells, with their 
self-renewal and differentiation capabilities, hold 
significant potential in regenerative medicine for 
ENT diseases. Mesenchymal stem cells (MSCs), 
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derived from various sources such as bone marrow 
and adipose tissue, have shown promise in 
promoting tissue repair, reducing inflammation, 
and modulating immune responses.

In the field of ENT, stem cell therapy has 
been explored for the treatment of sensorineural 
hearing loss, chronic rhinosinusitis, and vocal 
cord disorders. MSCs can be targeted to the 
specific affected site, where they can facilitate 
tissue regeneration, enhance healing processes, 
and potentially improve functional outcomes.

3. Gene Therapy: Gene therapy offers a promising 
approach in the treatment of genetic and 
acquired ENT diseases. By delivering therapeutic 
genes to target cells, gene therapy can correct 
genetic abnormalities, regulate cellular functions, 
and enhance tissue repair. In the context of 
ENT diseases, gene therapy holds potential for 
addressing conditions such as hereditary hearing 
loss, cleft palate, and disorders affecting olfactory 
function.

Gene therapy approaches can target specific genes 
associated with ENT diseases, either by replacing 
defective genes or modulating their expression. 
This can lead to the restoration of normal cellular 
functions and improved clinical outcomes.

Emerging Trends and Challenges
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1. Biomaterials and Scaffolds: The development 
of advanced biomaterials and scaffolds is crucial 
for the success of regenerative medicine in 
ENT diseases. These biomaterials should possess 
suitable physical and chemical properties to 
support cell adhesion, proliferation, and tissue 
integration. Additionally, they should enable 
controlled release of growth factors or therapeutic 
agents to enhance tissue regeneration and healing.

2. Personalized Medicine: The application of 
regenerative medicine in ENT diseases opens 
doors to personalized medicine approaches. 
Patient-specific cells, such as autologous stem 
cells or genetically modified cells, can be utilized 
to tailor treatments according to individual 
patient needs. This approach allows for optimized 
treatment outcomes and reduced risks of rejection 
or adverse reactions.

3. Ethical and Regulatory Considerations: As 
regenerative medicine advances, it is crucial to 
address ethical and regulatory considerations. 
Issues such as the use of embryonic stem cells, 
genetic modification of cells, and long-term safety 
need careful examination. Ethical frameworks 
and regulatory guidelines should be developed to 
ensure the responsible translation of regenerative 
medicine technologies into clinical practice.
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Future Directions
Regenerative medicine holds immense potential 
for transforming the management of ENT 
diseases. Future research should focus on 
optimizing tissue engineering approaches, 
expanding the use of stem cell therapies, 
and furthering the understanding of gene 
therapy techniques. Additionally, long-term 
studies evaluating the safety, efficacy, and 
cost-effectiveness of regenerative medicine 
interventions are necessary for their widespread 
adoption.

Regenerative medicine offers a new frontier in the 
treatment of ENT diseases, providing innovative 
solutions for tissue repair, regeneration, and 
functional restoration. Tissue engineering, stem 
cell therapy, and gene therapy hold significant 
promise in addressing various ENT conditions. 
As research and technological advancements 
continue, regenerative medicine has the potential 
to revolutionize the field of ENT, improving 
patient outcomes and quality of life.
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9-�ROLE OF REGENERATIVE 
MEDICINE IN THE 

ORTHOPEDIC DISEASES

Orthopedic diseases, encompassing a wide 
range of conditions affecting the 
musculoskeletal system, pose significant 

challenges to patients and healthcare providers. 
Conventional treatments for orthopedic diseases, 
such as surgery and medication, have limitations 
in terms of long-term outcomes and potential 
side effects. In recent years, regenerative medicine 
has emerged as a promising approach in the 
field of orthopedics, offering innovative solutions 
for tissue repair, regeneration, and functional 
restoration. This article explores the role of 
regenerative medicine in orthopedic diseases, 
highlighting the advancements made thus far and 
the potential it holds for the future.
Orthopedic diseases, including degenerative joint 
disorders, fractures, and cartilage injuries, impose 
a substantial burden on patients' quality of life 
and healthcare systems worldwide. Traditional 
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treatments often focus on symptom management 
or invasive surgical interventions, which may have 
limitations in terms of efficacy, recovery time, and 
potential complications. Regenerative medicine, 
with its ability to stimulate the body's natural 
healing processes, presents a new paradigm in 
orthopedic care.

Regenerative Medicine 
Approaches

1. Mesenchymal Stem Cell Therapy: Mesenchymal 
stem cells (MSCs) are a key component 
of regenerative medicine, offering immense 
potential in orthopedics. These multipotent cells 
can differentiate into various cell types, including 
osteoblasts, chondrocytes, and tenocytes, 
promoting tissue repair and regeneration. MSCs 
can be derived from various sources, such as bone 
marrow, adipose tissue, and umbilical cord blood.

In orthopedic diseases, MSC therapy has shown 
promising results in the treatment of conditions 
such as osteoarthritis, tendon injuries, and bone 
defects. MSCs can be directly injected into the 
affected area, stimulating tissue regeneration 
and modulating the inflammatory response. 
Additionally, MSCs can be combined with 
biomaterials or growth factors to enhance their 
therapeutic effects.
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2. Platelet-Rich Plasma (PRP) Therapy: Platelet-
rich plasma (PRP) therapy involves the extraction 
and concentration of platelets from the patient's 
blood, which are then injected into the affected 
area. Platelets contain numerous growth factors 
and cytokines that promote tissue healing and 
regeneration. PRP therapy has gained popularity 
in orthopedics for its potential to enhance 
tissue repair, reduce pain, and improve functional 
outcomes.

PRP therapy has demonstrated promising results 
in conditions such as tendinopathies, ligament 
injuries, and osteoarthritis. The growth factors 
released by platelets stimulate tissue regeneration, 
angiogenesis, and the recruitment of endogenous 
stem cells, facilitating the healing process.

3. Gene Therapy: Gene therapy, an emerging 
field within regenerative medicine, holds 
significant potential in orthopedics. By delivering 
therapeutic genes to target cells, gene therapy 
can modulate cellular functions, promote tissue 
repair, and suppress disease progression. Gene 
therapy approaches can be used to enhance 
bone formation, promote cartilage repair, and 
accelerate wound healing.

Gene therapy in orthopedics primarily focuses on 
the delivery of genes encoding growth factors, 
such as bone morphogenetic proteins (BMPs) and 
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transforming growth factor-beta (TGF-β). These 
growth factors can stimulate bone and cartilage 
formation, enhance tissue repair, and promote 
functional recovery.

Emerging Trends and Challenges
1. 3D Printing and Bioprinting: Advancements in 
3D printing and bioprinting technologies have 
revolutionized orthopedic regenerative medicine. 
These technologies allow the fabrication of 
patient-specific implants, scaffolds, and tissue 
constructs with precise geometry and mechanical 
properties. 3D-printed implants can be used for 
bone defect reconstruction, while bioprinting 
enables the creation of complex tissue structures 
by combining cells, biomaterials, and growth 
factors.

2. Extracellular Matrix (ECM)-based Therapies: 
The extracellular matrix (ECM) plays a critical 
role in tissue homeostasis and regeneration. 
ECM-based therapies involve the use of natural 
or synthetic biomaterials that mimic the 
composition and structure of the native ECM. 
These biomaterials can support cell adhesion, 
migration, and differentiation, facilitating 
tissue regeneration. ECM-based therapies have 
shown promise in cartilage repair, ligament 
reconstruction, and spinal fusion procedures.
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3. Regulatory and Safety Considerations: As 
regenerative medicine technologies continue to 
evolve, it is essential to address regulatory 
and safety considerations. Robust preclinical 
studies, rigorous clinical trials, and standardized 
manufacturing processes are crucial to ensure 
the safety and efficacy of regenerative medicine 
products. Additionally, ethical considerations 
surrounding the use of stem cells, gene editing, 
and tissue engineering should be carefully 
addressed.

Future Directions
The field of regenerative medicine in 
orthopedics holds immense promise for 
improving patient outcomes and revolutionizing 
treatment approaches. Future research should 
focus on optimizing stem cell-based therapies, 
refining gene delivery techniques, and advancing 
tissue engineering strategies. Additionally, long-
term studies evaluating the safety, durability, 
and cost-effectiveness of regenerative medicine 
interventions are essential for their widespread 
adoption.

Regenerative medicine is transforming the 
landscape of orthopedic care, offering innovative 
solutions for tissue repair, regeneration, and 
functional restoration. Stem cell therapy, platelet-
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rich plasma therapy, gene therapy, and other 
regenerative medicine approaches hold great 
potential in the treatment of orthopedic diseases. 
As research and technological advancements 
continue, regenerative medicine is poised to 
revolutionize orthopedic treatment, providing 
patients with safer, more effective, and 
personalized therapeutic options.
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10- ROLE OF REGENERATIVE 
MEDICINE IN OTHER DISEASES

Role of Regenerative Medicine 
in Pelvic Floor Disorder (PFD)

Pelvic floor disorder (PFD) refers to a set of 
conditions associated with weakened 
pelvic muscles and/or tears of the 

endopelvic fascia, commonly caused by obstetric 
trauma. Genital prolapse, stress urinary 
incontinence, and anal incontinence are the most 
prevalent PFDs. The resulting symptoms may 
include variations in vaginal, bowel, lower urinary 
tract, and sexual functioning. Symptoms may 
result in poor tolerance, poor quality of life, 
impairment of social and daily activities, and 
emotional distress and isolation. Traditionally, 
PFDs are managed through pelvic floor 
rehabilitation followed by surgical repair if 
conservative therapy is not effective. The use of 
regenerative medicine might provide an 
alternative treatment option. The use of stem cells 
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(SCs) in tissue engineering is a promising method 
of repair, especially for skeletal and connective 
tissue. Multipotent SCs possess the capability of 
differentiation, as well as the ability to be 
harvested from a variety of tissues (such as muscle 
and adipose tissue) and expanded in vitro. Among 
the potential applications of stem cells to PFDs are 
the repair of prolapse, stress urinary incontinence, 
and anal incontinence. Research utilizing adult 
SCs has shown promising results in the treatment 
of stress urinary incontinence, anal incontinence, 
and genital prolapse in animal models. In order to 
promote muscle and nerve regeneration, SCs are 
fused with existing muscle tissue and trophic 
factors are released, such as interleukins and 
growth factors, which regulate a variety of 
fundamental cellular functions, including 
proliferation, differentiation, migration, 
adhesion, and apoptosis. In animal models, it has 
been demonstrated that autologous cells are 
effective for the functional restoration of urethral 
sphincter deficiency. The use of autologous muscle 
stem cells in the treatment of stress urinary 
incontinence is of particular interest as a method 
of strengthening and restoring the function of the 
sphincter. As a result of injecting muscle-derived 
SC into rats, myotubes and myofibers were formed. 
Furthermore, autologous muscle-derived SCs were 
capable of restoring damaged urinary sphincter 
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function up to 80% of the original closure 
pressure. The regenerative effects of culture 
expanded skeletal myogenic cells on anal 
sphincter injuries have been assessed in rats, 
rabbits, and dogs for the treatment of anal 
incontinence. One additional potential candidate 
for cellular therapy is autologous mesenchymal 
SC, which, when injected locally or intravenously 
into rabbit anal sphincters, improves histological 
and functional regeneration due to transient 
paracrine stimulation of resident stem cells. 
According to a systematic review conducted by 
Manodoro et al. in 2022, eleven studies were 
analyzed, with seven evaluating stress urinary 
incontinence and four examining anal 
incontinence. There were no papers that discussed 
the use of SC for prolapse repair. Despite a few mild 
side effects, typically related to harvesting sites, 
stem cell injection for pelvic floor disorders did 
not show clear benefits.
As a consequence, although stem cell therapy 
is an intriguing and promising treatment option 
for pelvic floor disorders, there are still limited 
experiences with very heterogeneous methods 
and processes that need to be defined and 
standardized before any conclusions can be 
drawn. Harvesting, isolating, expanding, and 
implanting cells are complex and expensive 
processes. Furthermore, the harvesting process 
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may expose the patient to additional morbidity 
depending on the source (adipose tissue, bone 
marrow, or skeletal muscle), as well as the 
optimal dose of SCs, which differs depending on 
the type of cell and the treatment objective. Post-
implantation differentiation is another important 
consideration. There are several factors that can 
influence cell fate, including the paracrine effects 
of the microenvironment of the tissue, such 
as chemokines, secretomes, cytokines, growth 
factors, and angiogenic factors. Therefore, future 
studies should focus on selecting optimal 
sources, doses, and delivery routes in order 
to minimize harvesting morbidity and costs, 
prevent abnormal differentiation, and maximize 
therapeutic effectiveness.

Role of Regenerative 
Medicine in Cancers

Regenerative medicine, an interdisciplinary field 
combining biology, engineering, and medicine, 
has emerged as a promising approach in the 
fight against cancer. With its focus on repairing, 
replacing, and regenerating damaged tissues and 
organs, regenerative medicine offers a range of 
potential applications in the field of oncology. This 
article explores the role of regenerative medicine 
in cancer, highlighting the advancements made 
thus far and the potential it holds for the future.
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Cancer continues to be a leading cause of 
death worldwide, necessitating the exploration of 
novel approaches to improve patient outcomes. 
Conventional cancer therapies such as surgery, 
chemotherapy, and radiation have limitations, 
including the potential for systemic toxicity and 
damage to healthy tissues. Regenerative medicine, 
with its ability to regenerate and repair damaged 
tissues, presents a promising alternative for the 
treatment of cancer.

Regenerative Medicine 
Approaches

1. Tissue Engineering and Regeneration: Tissue 
engineering involves the creation of functional 
tissues through the combination of biomaterials, 
cells, and growth factors. In the context 
of cancer, tissue engineering holds significant 
potential in the development of bioengineered 
tumor models for drug screening and personalized 
medicine. These models mimic the complex tumor 
microenvironment and allow for the evaluation of 
drug efficacy and toxicity.

Furthermore, tissue engineering techniques can 
be utilized to regenerate damaged tissues post-
cancer treatment. For instance, autologous tissue-
engineered constructs can be used for breast 
reconstruction following mastectomy, reducing 
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the need for traditional implants.

2. Stem Cell Therapy: Stem cells possess the 
unique ability to self-renew and differentiate 
into various cell types, making them valuable 
tools in regenerative medicine. Mesenchymal 
stem cells (MSCs) derived from various sources, 
including bone marrow and adipose tissue, 
have been investigated for their therapeutic 
potential in cancer. MSCs have demonstrated anti-
tumor properties by exerting immunomodulatory 
effects, inhibiting angiogenesis, and promoting 
tissue regeneration.

Moreover, induced pluripotent stem cells (iPSCs) 
hold promise for personalized cancer treatment. 
iPSCs can be generated from a patient's own 
cells, reprogrammed into a pluripotent state, and 
subsequently differentiated into various cell types. 
This approach allows for the development of 
patient-specific models to study tumor biology 
and screen potential therapies.

3. Gene Therapy: Gene therapy involves the 
delivery of therapeutic genes into target cells to 
correct genetic abnormalities or modulate cellular 
functions. In the context of cancer, gene therapy 
can be used to selectively target tumor cells, either 
by inducing apoptosis or inhibiting their growth. 
Various gene therapy strategies, such as viral 
vectors and non-viral delivery systems, are being 
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explored to enhance the specificity and efficacy of 
cancer treatment.

Emerging Trends and Challenges
1. Immunotherapy: Immunotherapy, a rapidly 
evolving field within regenerative medicine, 
harnesses the body's immune system to target 
and eliminate cancer cells. Approaches such as 
chimeric antigen receptor (CAR) T-cell therapy 
and immune checkpoint inhibitors have shown 
remarkable success in treating certain types 
of cancer. These advancements highlight the 
potential of regenerative medicine in developing 
novel immunotherapeutic strategies.

2. Biomaterials and Scaffolds: The development of 
advanced biomaterials and scaffolds is crucial for 
tissue engineering applications in cancer. These 
materials should mimic the native extracellular 
matrix, provide mechanical support, and 
enable controlled release of therapeutic agents. 
Researchers are actively exploring innovative 
biomaterials and scaffold designs to enhance 
the viability, functionality, and integration of 
engineered tissues.

3. Ethical and Regulatory Considerations: As 
regenerative medicine continues to advance, it 
is imperative to address ethical and regulatory 
challenges. Issues such as the use of embryonic 
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stem cells, patient privacy, and long-term safety 
need to be carefully considered. Striking a balance 
between innovation and ethical responsibility is 
essential to ensure the responsible translation of 
regenerative medicine technologies into clinical 
practice.

Future Directions
Regenerative medicine has the potential to 
revolutionize cancer treatment and significantly 
improve patient outcomes. Future research 
should focus on optimizing tissue engineering 
techniques, exploring new sources of stem cells, 
and developing safe and effective gene therapies. 
Additionally, the integration of regenerative 
medicine with other treatment modalities, such 
as immunotherapy and targeted therapies, holds 
promise for enhanced therapeutic efficacy.

Regenerative medicine offers innovative 
approaches to address the challenges associated 
with cancer treatment. From tissue engineering 
to stem cell therapy and gene therapy, this 
multidisciplinary field holds significant promise 
for the future of oncology. As research 
and technological advancements continue, 
regenerative medicine has the potential to 
transform cancer care, providing patients with 
safer, more effective, and personalized treatment 
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options.
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