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ABSTRACT

The discovery of stem cells and various experimental studies 
on stem cell biology, types, and their use in therapies are 
promising and shed light on scientific research in many fields. 
Due to the renewal, differentiation ability, and potential 
of stem cells, they can be transformed into various cells in 
organs and tissues. Their potential characteristics guide 
scientists in the most effective way to eliminate or prevent 
diseases and diseases. They are seen as an alternative 
treatment for some tissue and organ damage and have been 
proven effective. Embryonic stem cells have the potential 
to create a new individual and have cell properties that 
can create all body tissues, but stem ethical problems arise 
due to their ability to create an individual. Adult stem cells 
(ASCs) have become the favorite of regenerative medicine 
due to their limited but specific effects on important 
multipotent potentials in certain tissues. Parameters such 
as ease of harvest, rapid growth, and derivation power 
are also included in research to facilitate them. The use 
of mesenchymal stem cells in treatments is particularly 
common. Stem cells are widely used in many areas of 
regenerative medicine, such as orthopedics, plastic surgery, 
skin, and venereal diseases, due to the ease of harvest and 
the abundance of the obtained quantity. The wide range 
of ASCs is due to their specific multipotent potential for 
different tissues. With developing technology, stem cell 
use has been approved for the treatment of many diseases. 
However, the development of research and treatments 
is limited due to ethical problems and debates. Despite 
this, easy and effective treatments are increasing day by 
day. This chapter covers stem cell definition, types, and 
characteristics, and where they originate from.
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Stem cells are known for their potential fate, also 
referred to as “developmental power”. Stem cells are 
undifferentiated cells found in both embryonic and 
adult cells.[1] 

There are some characteristics that indicate 
whether a cell is a stem cell. One of these is the ability 
to self-renew. This ability is the ability of the parent 
cell to produce an exact copy of itself. Another is the 
differentiation property. Differentiation is a process 
that occurs during development, in which cells assume 
the specific functions of a completely different cell, 
such as the oxygen-carrying ability of a red blood 
cell or the ability of a nerve cell to send an electrical 
signal. With this ability, these unspecialized stem 
cells can be converted into the desired specialized 
cells with the help of various signals, either naturally 
or in laboratory settings. Additionally, classifying 
stem cells according to their location and potential 
helps facilitate their production and treatment 
processes. As the developmental process progresses, 
the potential for differentiation becomes limited. 
There are different types of stem cells with varying 
differentiation potentials depending on where they 
are found.[2,3]

Human embryonic stem cells (ESCs) are early-stage 
cells with the ability to differentiate into any cell 
type in the body. These cells are also known as 
human pluripotent stem cells (iPSC) since they can 
differentiate into any type of cell found in the body. 
They are clusters of cells in the blastocyst, five to 
seven days after zygote formation.[4]
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Cord blood stem cells are obtained from the 
umbilical cord at birth and can differentiate into 
several cell types in the body. They have limited 
differentiation capabilities similar to adult stem cells 
(ASCs), but unlike ASCs, they can grow indefinitely in 
culture. They are an unlimited source for tissue and 
disease models.[5]

Adult stem cells are not found in all tissues in the 
body but can produce a limited number of cell types 
in the tissue they are located in. For example, stem 
cells taken from the liver can only produce liver cells, 
which is an example of the cell’s ability to self-renew 
by copying itself.[6]

Induced pluripotent stem cells are obtained 
by artificially reprogramming ASCs to a more 
embryonic-like state. We can describe this process 
as the “reverse direction of time.” Induced stem cells 
have many of the properties of ESCs but are not the 
same. This groundbreaking technology is useful for 
creating disease models, but it is not a technology 
that will reduce the need for ESCs.[7]

Human ESCs derived from somatic cell nuclear 
transfer (SCNT) are the gold standard for stem cell 
research. In this technique, the nucleus of an egg cell 
is removed and replaced with the nucleus of an adult 
cell (such as a skin or blood cell) and then stimulated 
chemically or electrically to grow.[8]

Researchers have different perspectives on the 
potential of stem cells based on their location and the 
understanding of the process of stem cell formation, 
and their potential uses in disease modeling and 
therapy have been shaped accordingly.

STEM CELL BIOLOGY
The zygote formed by the union of sperm and 

egg divides successfully to form an embryo in the 
blastomere stage (2-12 cells) or the morula stage 
(day 4). These are totipotent and have the ability 
to form an entire organism. Later, the blastocysts 
consist of two different cell types: the inner cell 
mass (ICM), which becomes the epiblasts (7-9 days) 
that induce the development of a fetus, and the 
trophectoderm (TE). These cells multiply successfully 
to intermediate formations and eventually all form 
tissues to make up the body. The dividing cells inside 
the blastocyst, which are 5-6 days old, are derived 
from the ICM mass and are called ESCs. This type 
of stem cell has the ability to form all cells of the 
embryo and all tissues and organs derived from them. 
Here, cells multiply in order to form both temporary 
formations and all permanent tissues. The dividing 

cells within the ICM mass of the blastocyst, which 
is 5-6 days old, are derived as ESCs. These stem 
cells have the ability to form all cells belonging to 
the embryo and all tissues and organs originating 
from them. Embryonic stem cells are pluripotent, 
meaning that they can differentiate into the germ 
layers named endoderm, mesoderm, and ectoderm 
that are formed during embryogenesis. These layers 
provide a basis for the differentiation of cells and 
tissues to form a fetus and an adult organism. Cells 
from the ectoderm can differentiate into tissues such 
as the liver, lung, and intestine, while those from 
the mesoderm can differentiate into nerve and skin 
cells, and those from the endoderm can differentiate 
into tissues such as the heart, muscle, and kidney. 
Signals affecting the specialization process can be 
realized through external pathways such as physical 
contact between cells, internal pathways controlled 
by genes within deoxyribonucleic acid (DNA), and 
chemical secretion surrounding the tissue, as well as 
through various experimental methods in laboratory 
settings, leading to differentiation and the ability to 
transform into cells with similar properties in tissues. 
The blastocyst then develops into the gastrula stage. 
It is not possible to obtain ESCs from a developing 
organism (fetus, prenatal, childhood). This is when 
ASCs are introduced, also known as somatic stem 
cells, which are undifferentiated and exist among 
all differentiated cells throughout the body after 
development. Their task is to provide for the renewal, 
healing, and growth of daily lost cells. Adult stem cells 
can have multipotent and unipotent potentials. There 
are many types of somatic stem cells with limited 
differentiation potentials. Mesenchymal stem cells 
(MSCs) can be found in multiple tissues. These cells 
can differentiate into bone, fat, and cartilage cells in 
the bone marrow. They are considered exceptional 
since they possess pluripotent properties and have 
the ability to specialize into cells from any germ 
layer.[1,2]

Skin stem cells create keratinocytes, which 
are responsible for the protective layer in the 
epidermis.[9,10]

Neural cells produce nerve cells, as well as their 
supporting cells such as oligodendrocytes and 
astrocytes, in the nervous system.[11]

Dental pulp stem cells (DPSCs) are located in the 
dental pulp. They have osteogenic and chondrogenic 
potential.[12]

Hematopoietic stem cells (HSCs) create all types of 
blood cells, including red, white, and platelet cells.[13]
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The proliferation time of somatic stem cells is 
longer than that of ESCs. It is possible to induce 
somatic stem cells to regain pluripotent properties. 
This technique was used in the famous cloning of 
Dolly the sheep, in which ASCs were transformed into 
stem cells with similar pluripotent properties.[2,3]

TYPES OF STEM CELLS
When examined in detail, types of stem cells can 

be classified under three main headings. The first 
and fundamental type of stem cell is ESCs derived 
from embryos. These cells have totipotent potential 
and have the capacity to form a new individual. 
However, due to ethical debates, their research and 
therapeutic use are limited. The second type is ASCs, 
which have the widest range. These stem cells are the 
most commonly used cells in regenerative medicine. 
The third type is iPSC. These cells have been the 
subject of research for the treatment of various 
neurodegenerative disorders as they acquire similar 
properties to ESCs.[1,2]

EMBRYONIC STEM CELLS
Embryonic cells are cells that have totipotent 

potential, meaning they have the ability to form all 
the tissues and stem organs in the body. These cells 
are formed after the fusion of sperm and egg. With 
advances in technology, it is now possible to derive, 
differentiate, and multiply these cells under good 
conditions. They are derived from the ICM of the 
embryonic blastocyst and are also known as iPSC 
that can differentiate into all three germ layers both 
in vitro and in vivo. They can be maintained for a long 
time (approximately 1-2 years with cell division every 
36-48 hours) with their potential unchanged in an 
undifferentiated phenotype. Physical microdissection 
or complement-mediated immune dissection can be 
used to isolate them. To prevent unwanted early 
and natural differentiation, rapid freezing (shock) 
or vitrification techniques are used. The culturing 
period of ESCs, which requires special care, should be 
long-term for therapeutic and research applications. 
In contrast, somatic stem cells and MSCs have limited 
renewal properties and can no longer undergo 
division. The lifespan of cells depends on the type of 
cell, donor type, donor age, and telomerase activity. 
Telomeres are structures that protect chromosome 
length. Telomerase is an enzyme that adds special 
short sequences to the ends of chromosomes and 
supports cell division. Telomerase activity is quite 
high in ESCs.[1,2,14]

Embryonic stem cell research is illegal or highly 
restricted in many countries. However, Singapore 
and South Korea are among the least restrictive 
countries.[3,14]

 ADULT (SOMATIC) STEM CELLS
Adult (somatic) stem cells are another type of 

stem cell that has high potential and can differentiate 
into various types of cells depending on the tissues 
they are in. Like other stem cells, they have two 
important properties: they can self-renew for a long 
time and can differentiate into a specific cell with a 
specific function. These cells are progenitors and are 
semi-differentiated in fetal and adult tissues. In short, 
ASCs are cells that can renew themselves and can 
differentiate into a specific cell of the organ from which 
they originated, while remaining undifferentiated in a 
differentiated tissue. They are responsible for tissue 
repairs in cases of injury, disease, or cell renewal. 
They have been a focus of interest in many fields, 
such as the treatment of degenerative diseases and 
the rejuvenation of aging tissues. Their continuous 
renewal and cell formation bring to mind irregularly 
proliferating cell forms that trigger cancer. However, 
current information suggests that it can be taken to a 
dimension that can treat cancer.[1,2,6]

Although limited studies have been conducted, 
there are some treatments that have been approved 
as a result of clinical research. One of these is bone 
marrow transplantation using HSCs to renew blood 
cells. Hematopoietic stem cells are continuously 
produced by the bone marrow and are also 
responsible for renewing blood cells, which is their 
most important function.[13]

It is used to treat various types of cancer and 
associated conditions. Cell migration, plasticity, 
and cell activation should be coordinated for tissue 
repair. To be effective in healing wounds on the skin, 
different epidermal stem cells taken from various 
skin regions must work in harmony with fibroblasts 
and immune cells. The only stem cell-based products 
approved by the Food and Drug Administration for 
various skin disorders and skin burns are progenitor 
hematopoietic cells obtained from cord blood. The 
other approved treatment is Holoclar, which is based 
on ocular stem cells and was approved for corneal 
damage in Europe in 2015.[6,15]

There is a wide range of somatic stem cells, 
including bone marrow, dental root, blood, brain, 
spinal cord, blood vessels, striated muscle, digestive 
system, cornea, retina, epidermal tissue of the skin, 
pancreas, and liver, among others. 
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Mesenchymal stem cells, which have an important 
role in the development of regenerative medicine 
derived from stem cells, have been proven in some 
cell therapies, leading to more research and discussion 
about stem cells. MSCs have become an alternative 
treatment without the ethical debates surrounding 
embryonic and fetal stem cells. They were first isolated 
by Friedenstein in 1974 and can be obtained from 
various tissues such as bone marrow, umbilical cord, 
menstrual blood, endometrial polyps, and adipose 
tissue. The ease of harvesting and quantity of MSCs 
in clinical and experimental applications provide 
convenience in research. According to the information 
obtained, 2-5 of the MSCs are obtained from 1 million 
mononuclear cells in the bone marrow.[16,17]

Mesenchymal stem cells have been proven to have 
treatments for bone tissue repair,[18] hematopoietic 
recovery,[19] osteogenesis imperfecta,[20] and more. 
MSCs can be isolated with certain surface markers 
(CD44, Stro-1, CD29, CD105, etc.). They are responsible 
for structures such as adipose tissue (Wnt signal), 
bone (LRP-5/Wnt signal, telomerase, Cbfa-1), tendon 
(mechanical transmission signal), muscle (bHLH), and 
cartilage (cell adhesion, Sox, etc.). Their characteristic 
features provide convenience for use in treatment. 
Using stem cells, it is possible to replace damaged 
cells with healthy cells without replacing the entire 
organ. In addition, tissue-specific stem cells do not 
form cancerous structures, unlike ASCs. They can be 
easily and quickly obtained from the body and cause 
fewer ethical problems.[2,3,20,21]

Adipose stem cells (ASCs), which also have an 
important role in regenerative medicine among 
ASCs, have been used in therapies thanks to their 
versatile therapeutic abilities. ASCs are somatic stem 
cells resident in adipose tissue with differentiation 
potential among mesenchymal lineages. It is known 
that they exhibit strong immune responses to 
promote cell renewal during wound repair. They 
can be easily cultured and expanded in vitro. Their 
use in cellular therapy is facilitated by reduced 
immune privilege. Stem cells isolated from fat and 
bone tissue have provided extensive treatment 
opportunities in orthopedics. A study conducted by 
tissue engineers showed that bone marrow-derived 
mesenchymal stromal cells (BM-MSCs) wrapped in a 
thrombocyte-rich plasma hydrogel combined with 
calcium phosphate micro-particles improved the 
ectopic bone formation potential of MSCs in their 
spherical structures. In a study on mice, compared to 
adipose stem cells, there was a significant increase in 
the expression of osteogenic markers such as alkaline 

phosphatase and collagen type 1. However, further 
research into additional effects was recommended.[21]

Stem cells are not only used in bone diseases but 
also in the treatment of neurodegenerative disorders. 
Recently, the neuroprotective effects of neural stem 
cells in reducing brain tissue damage have been the 
subject of discussion. 

As a result of research on the use of MSCs in the 
treatment of cardiovascular diseases, a decrease in 
infarct size by 7% was observed in acute myocardial 
infarction and chronic ischemic mouse models after 
MSC transplantation. In addition, an improvement 
in heart function by 11% was reported. With further 
research and current information, it is possible 
to achieve significant success in the treatment of 
cardiovascular diseases.[22]

INDUCED PLURIPOTENT STEM CELLS
In 2006, Yamanaka and Takahashi[23] made an 

important discovery in stem cell therapy by showing 
that it is possible to convert ASCs, which are 
multipotent, into iPSC. In this study, the life of the 
fetus was not endangered. The four transcription 
factors (Oct-4, Sox2, KLF4, and Myc) expressed in 
ESCs were also found to be present in iPSC. Actually, 
in Yamanaka’s original paper, 24 factors were initially 
used, but effective four factors were found through 
trial and error. These four genes code for transcription 
factors that act like switches that turn on and off the 
activity of other genes. Initially, scientists used viruses 
to introduce these four genes, but in some animal 
experiments, it caused cancer. When this result was 
reached, safer methods were preferred. In other 
experiments, they showed that two of the four genes 
could be found in other genes. In their research, the 
retroviral transduction of mouse fibroblasts could 
induce fibroblasts to acquire pluripotency. This new 
stem cell is called an iPSC. Yamanaka was influenced 
by the research of two scientists that took place in 
1962 and 1987 before this discovery.[24,25]

First, it impressed Yamanaka when scientist John 
Gurdon successfully cloned frogs by transferring a 
nucleus from a frog’s somatic cells to an oocyte cell. 
This caused a complete reversal of cell development, 
and at that time cell differentiation was thought to 
be unidirectional. The course and outcome of the 
experiment revealed that it is even possible for a 
somatic cell to acquire pluripotency.[24,26]

The second was a study by Davis[27] that focused 
on fibroblast DNA extraction. Three genes were found 
that first appeared in the myeloblast form. Mandatory 
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expression of one of the genes called myogenic 
differentiation 1 (Myod1), caused fibroblasts to 
transform into myeloblasts. These results revealed 
that cells can be reprogrammed and used to transform 
cells from one lineage to another.

Induced pluripotent stem cells were initially 
derived from fibroblasts. Biopsies were taken and 
subjected to many tests to obtain these cells. The use 
of easily accessible cells is also a research topic. In 
this process, researchers used peripheral blood cells, 
epithelial cells found in the kidney, keratinocytes, 
and fibroblasts were preferred as the best source. 
One of the biggest reasons for this is its better 
controllability. Their rapid growth abilities were the 
subject of the teratoma test. Teratomas are benign 
tumors. In addition to their rapid growth, they have 
high pluripotency with the ability to transform into 
tissues of all three germ layers.[1,28]

Induced pluripotent stem cells can differentiate 
into many different cell types, but they differ from 
ESCs in important aspects such as the location of 
their epigenetic effects. However, it is known that 
producing living animals like iPSC mice is more 
challenging than ESCs. Induced pluripotent stem 
cell research will contribute significantly to the 
advancement of regenerative medicine in the future. 
Treatments will be carried out under better and easier 
conditions.[4,28]

Stem cells with appropriate properties should 
be preferred for therapeutic use. However, iPSCs 
can be the treatment door for almost any disease. 
For neural repair, brain-derived stem cells are 
multipotent and are responsible for the generation 
of all neural cell types during development. In 
addition, neurons derived from iPSCs have the ability 
to form structurally and functionally active synaptic 
networks. As a new technology, iPSCs are limited in 
terms of animal models. In the study, an ischemic 
rodent model was used, and it was observed that the 
neurological function of neural stem cells derived 
from human iPSCs was improved. In another study, it 
was observed that memory impairment was reversed. 
Induced pluripotent stem cell technology enables 
the production of autologous iPSC, eliminating 
both the problems of immune rejection and ethical 
limitations of non-patient-specific sources. They 
noticed that in a model of Parkinson’s disease, 
autologous iPSC-generated dopaminergic neuronal 
transplantation remained active for a long time and 
improved motor function survived for two years.[29-31]

In conclusion, stem cell research holds immense 
promise in various therapeutic avenues. While ethical 
concerns persist, adult stem cells offer specific 
advantages in regenerative medicine. Their ease of 
harvesting and multipotent potential make them 
valuable assets across medical disciplines. Despite 
ongoing debates, advancements in stem cell research 
continue to pave the way for more accessible and 
effective treatments. 

Declaration of conflicting interests
The authors declared no conflicts of interest with 

respect to the authorship and/or publication of this article.

Funding
The authors received no financial support for the 

research and/or authorship of this article.

REFERENCES
1.  Daley GQ. Stem cells and the evolving notion of 

cellular identity. Philos Trans R Soc Lond B Biol Sci 2015 
Oct 19;370:20140376.

2. Lodi D, Iannitti T, Palmieri B. Stem cells in clinical practice: 
applications and warnings. J Exp Clin Cancer Res. 
2011 Jan 17;30:9.

3. Zakrzewski W, Dobrzyński M, Szymonowicz M, Rybak Z. 
Stem cells: past, present, and future. Stem Cell Res Ther. 
2019 Feb 26;10:68.

4. Lim WF, Inoue-Yokoo T, Tan KS, Lai MI, Sugiyama D. 
Hematopoietic cell differentiation from embryonic and 
induced pluripotent stem cells. Stem Cell Res Ther. 
2013 Jun 18;4:71.

5. Gençer EB, Yurdakul P, Dalva K, Beksaç M. Flow 
Cytometric Aldehyde Dehydrogenase Assay Enables 
a Fast and Accurate Human Umbilical Cord Blood 
Hematopoietic Stem Cell Assessment. Turk J Haematol. 
2017 Dec 1;34:314-20.

6. Cable J, Fuchs E, Weissman I, Jasper H, Glass D, Rando 
TA, et al. Adult stem cells and regenerative medicine-a 
symposium report. Ann N Y Acad Sc. 2020 Feb;1462:27-36.

7. Mora C, Serzanti M, Consiglio A, Memo M, Dell'Era P. 
Clinical potentials of human pluripotent stem cells. Cell 
Biol Toxicol. 2017 Aug;33:351-60.

8. Matoba S, Zhang Y. Somatic Cell Nuclear Transfer 
Reprogramming: Mechanisms and Applications. Cell 
Stem Cell. 2018 Oct 4;23:471-85.

9. Larijani B, Esfahani EN, Amini P, Nikbin B, Alimoghaddam 
K, Amiri S, et al. Stem cell therapy in treatment of 
different diseases. Acta Med Iran. 2012;50:79-96.

10. Dekoninck S, Blanpain C. Stem cell dynamics, migration 
and plasticity during wound healing. Nat Cell Biol. 2019 
Jan;21:18-24.

11. Aishwarya L, Arun D, Kannan S. Stem Cells as a Potential 
Therapeutic Option for Treating Neurodegenerative 
Diseases. Curr Stem Cell Res Ther. 2022;17:590-605.

12. Fu J, Li X, Jin F, Dong Y, Zhou H, Alhaskawi A, et al. The 



JEB Med Sci6

potential roles of dental pulp stem cells in peripheral 
nerve regeneration. Front Neurol. 2023 Jan 11;13:1098857.

13. Dzierzak E, Bigas A. Blood Development: Hematopoietic 
Stem Cell Dependence and Independence. Cell Stem 
Cell. 2018 May 3;22:639-51.

14. Oltulu F, Aktug H, Uysal A, Turgan N, Oktem G, Erbas O, et 
al. Immunoexpressions of embryonic and nonembryonic 
stem cell markers (Nanog, Thy-1, c-kit) and cellular 
connections (connexin 43 and occludin) on testicular 
tissue in thyrotoxicosis rat model. Hum Exp Toxicol. 
2015 Jun;34:601-11.

15. Tilkin C, Duchesne B, Camby S, P P. [Holoclar®, an 
autologous stem cells graft for sight recovery after 
ocular burns]. Rev Med Liege. 2021 Nov;76:776-82.

16. Fu X, Liu G, Halim A, Ju Y, Luo Q, Song AG. Mesenchymal 
Stem Cell Migration and Tissue Repair. Cells.  2019 
Jul 28;8:784.

17. Bozkurt MF, Bhaya MN, Dibekoğlu C, Akat A, Ateş U, 
Erbaş O. Mesenchymal stem cells have ameliorative 
effect on the colitis model via Nrf2/HO-1 pathway. Acta 
Cir Bras. 2022 Oct 10;37:e370704.

18. Petite H, Viateau V, Bensaïd W, Meunier A, de Pollak 
C, Bourguignon M, et al. Tissue-engineered bone 
regeneration. Nat Biotechnol. 2000 Sep;18:959-63. 

19. Koç ON, Gerson SL, Cooper BW, Dyhouse SM, 
Haynesworth SE, Caplan AI, et al. Rapid hematopoietic 
recovery after coinfusion of autologous-blood stem cells 
and culture-expanded marrow mesenchymal stem cells 
in advanced breast cancer patients receiving high-dose 
chemotherapy. J Clin Oncol. 2000 Jan;18:307-16.

20. Horwitz EM, Gordon PL, Koo WK, Marx JC, Neel MD, 
McNall RY, et al. Isolated allogeneic bone marrow-derived 
mesenchymal cells engraft and stimulate growth in 
children with osteogenesis imperfecta: Implications for 
cell therapy of bone. Proc Natl Acad Sci U S A. 2002 Jun 
25;99:8932-7. 

21. Fennema EM, Tchang LAH, Yuan H, van Blitterswijk CA, 
Martin I, Scherberich A, et al. Ectopic bone formation by 
aggregated mesenchymal stem cells from bone marrow 
and adipose tissue: A comparative study. J Tissue Eng 
Regen Med. 2018 Jan;12:e150-8.

22. Müller P, Lemcke H, David R. Stem Cell Therapy in Heart 
Diseases - Cell Types, Mechanisms and Improvement 
Strategies. Cell Physiol Biochem. 2018;48:2607-55.

23. Takahashi K, Yamanaka S. Induction of pluripotent 
stem cells from mouse embryonic and adult fibroblast 
cultures by defined factors. Cell. 2006 Aug 25;126:663-76.

24. Yamanaka S. Pluripotent Stem Cell-Based Cell 
Therapy-Promise and Challenges. Cell Stem Cell. 2020 
Oct 1;27:523-31.

25. Gurdon JB. The developmental capacity of nuclei taken 
from intestinal epithelium cells of feeding tadpoles. 
Development.1962 Dec;10:622-40.

26. Kain K. The birth of cloning: an interview with John 
Gurdon. Dis Model Mech. 2009;2:9-10. 

27. Davis RL, Weintraub H, Lassar AB. Expression of a single 
transfected cDNA converts fibroblasts to myoblasts. 
Cell.1987 Dec 24;51:987-1000.

28. Suman S, Domingues A, Ratajczak J, Ratajczak MZ. 
Potential Clinical Applications of Stem Cells in 
Regenerative Medicine. Adv Exp Med Biol. 2019;1201:1-22.

29. Duncan T, Valenzuela M. Alzheimer’s disease, dementia, 
and stem cell therapy. Stem Cell Res Ther. 2017 
May 12;8:111.

30. Cummings JL, Morstorf T, Zhong K. Alzheimer’s disease 
drug-development pipeline: few candidates, frequent 
failures. Alzheimers Res Ther. 2014 Jul 3;6:37.

31. Sivandzade F, Cucullo L. Regenerative Stem Cell Therapy 
for Neurodegenerative Diseases: An Overview. Int J Mol 
Sci. 2021 Feb 22:2153.


