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ENTRY

The book presents the current state of knowledge in the field of application stem cells in cosmetology, trichology and aesthetic medicine based on reliable, latest scientific reports, in the mainstream translational science. The publication is divided into two parts, in which: the first deals with biological issues, covering in a transparent manner the biology of stem cells in individual human body organs, with particular emphasis on the skin, scalp, adipose tissue (fatty tissue) and whole blood. The second part of the book is devoted to analysis of the practical use of stem cells in treatments in the field of aesthetic medicine. There are presented the latest technologies including fat transfers and other autologous drugs treatments, detailing potential with side effects and treatment restrictions. Moreover, publication in part two in an extensive way presents the issue of stem cells of origin plant in the new, exciting era of biotechnology „sustainable weighted beauty”, currently referred to biotech beauty. Linking science and nature is the future of cosmetology, dermatology and related science.
Currently, cosmetology, trichology and dermatology are heading in the right direction, direction which is including a holistic approach to working with cosmetic clients or patients. Nevertheless, to be able to pursue them fully to implement, it is necessary to know the basic mechanisms of molecular processes that occur in the human body. In this respect it is essential to understand the extraordinary regenerative potential that stem cells show. In order to better understand molecular genesis of physiological processes such as aging or alopecia, it is necessary to approximate the interactions in terms of stem cells, skin microbiome, and gut microbiome as well approximation of the influence of the exposome on the modulation of skin health. 
The book also covers the impact of diet on the functionality of stem cells in the thought of ancient Greek physicians – Dioscorides, author of De Materia Medica, and Hippocrates, the precursor of modern medicine, who emphasized the importance of diet in analogy to human health. It should be remembered that only a holistic approach promotes the success of aesthetic therapies. 
Publication The role of stem cells in modern aesthetic medicine and cosmetology, due to its comprehensive approach, is addressed to students and practicing dermatologists, doctors operating in the field of aesthetic medicine, cosmetologists and trichologists as well as cosmetics production technologists. Professionals interested in the topic of stem cells will recognize this book as a valuable guide. Welcome to the world of stem cells.



1

STEM CELLS – INTRODUCTION

1.1. THE HISTORY OF STEM CELLS IN A NUTSHELL 
In the last decade, the results of research on stem cells, as well as therapies using them, present wide range of potential opportunities. The term stem cell, or more precisely called Stammzelle, in German, was created at the beginning of the 19th century. However, the concept of stem cells saw the day light for the first time daily in the 20th century thanks to scientists whose main research interests concerned embryonic development. In 1981 appropriate research methods were used to obtain embryonic stem cells in animal models (mice). A moment earlier, because in 1978, the presence of stem cells in humans was identified in umbilical cord blood. However, what’s interesting the idea of stem cells in human blood was established in 1909. And in 1981 appeared first research results on mouse embryonic parental cells. In 1995, sheep were first cloned from embryonic cells. 
One of the milestones was the moment of undertaking the first human bone marrow capping, which took place in 1957. That progress was appreciated by awarding the Nobel Prize to Dr. Edward Donnall Thomas in 1990. This turned out to be a breakthrough period in the history of cloning, when in 1996 Dolly the sheep was born. 
In turn, the discovery from 1981 had an impact on research devoted to specialized stem cells, which resulted The Nobel Prize in Physiology or Medicine in 2007. Three years later, a therapy based on human stem cells embryos was successfully used on patient with a spinal injury. What important, in 2011 markers of hematopoietic cells were discovered, as well as human stem cells obtained from the cloned embryo. Nowadays, stem cells have many applications in a lot of medicine’s branches, partly in the form of applied therapies, especially in the field of regenerative medicine. However, in essence most stem cells are subjected to advanced scientific and clinical researches.
In the field of cosmetology, stem cells from plant extract were used for the first time in 2008. It came from an Swiss apple tree Uttwiler Spätlauber. In 2020, Dr. Elaine Fuchs was awarded Canada Gairdner International Award for discovering the role of adults skin stem cells in the process of wound healing, inflammation and skin homeostasis, as well as in cancer processes.
1.2. ETHICAL ISSUES IN RESEARCH OVER THE STEM CELLS
As it is known, research on stem cells has great importance around the world. Basing on the latest scientific reports, it is worth noting that stem cells have potential therapeutic applications in many fields. The analyses are based mainly on pharmacological genomic research, discovering sources of multipotent stem cells or experimental research in the field of regenerative medicine. 
Currently, the concept of stem cell raises a number of concerns, including ethical considerations, primarily in relation to research based on embryonic stem cells. Among society, due to working with human tissue, there are some ethical doubts also apply to somatic stem cells or inducted pluripotent stem cells. However, ethical fairness depends on the way the stem cells are obtained. Interestingly, the International Society for Stem Cell Research provides leading guidelines on how to obtain or bank stem cells, as well as general safety rules. This makes it possible to establish appropriate international standards in the field of stem cells research.
Determining ethical dimensions allows to make appropriate and responsible decisions by the scientific community. 
In connection with bioprocess engineered cell therapy products and tissue engineering, Regulation No. 1394/2007 of the Parliament of the European Parliament and Council was introduced on 13th November 2007. As indicated, the development and production of medicinal products involves the obligation of the application of good practice in the products of medicinal manufacturing process, in accordance with European Commission Directive 2003/94/EC from October 8th, 2003. In the case of article 17 Regulation (EC) No. 1394/2007, the opinion of the Committee for Advanced Therapies should be sought (CAT), which operates within European Medicines Agency for all advanced therapy medicinal products. Quoting Professor Mirosław Nesterowicz, scientific research must be conducted in compliance with regulations laws “ensuring the protection of the human being”, based on the European Bioethical Convention for the protection of human rights and dignity of human beings towards applications of biology and medicine from 1996.



2

CELL STEMS BIOLOGY

2.1. DIVISION AND DEFINITION OF STEM CELLS 
Stem cells are cells that, thanks to division, have the ability to self-renewal. What’s more, stem cells can develop into a number of other cell types. 
There are two main types of stem cells includes: 
• adult (somatic) stem cells (SSCs), 
• embryonic stem cells (ESCs). 
As mentioned, thanks to the ability to divide stem cells can renew themselves continuously over a long period of time. Importantly, it shows they also have the potential to specialize (i.e. differentiate), examples of which are brain cells and muscle cells. Worth to important is to emphasize that stem cells have their origins (and differentiation) in the early stages of embryonic development. 
Stem cells are used in a number of branches of medicine. Scientific research on stem cells allows explaining the causes of diseases of the human body, such as: cancer, neurodegenerative, circulatory system or also congenital defects. Stem cells come in a number of tissues’ types of the human body. These include, among others: skin, bone marrow, blood and blood vessels, brain, and liver. Stem cells are also classified by cell types depending on which ones (as they differentiate) they can transform.
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Figure 2.1. 
Potential biological application of stem cells
Source Blueringmedia/Dreamstime
These include in succession:
• Totipotent stem cells – stem cells differentiating into any type of cell, having potential to divide to form a complete organism. 
• Pluripotent stem cells – stem cells, which can transform into almost any type of cell, however, they do not have the ability to produce a complete organism. Only embryonic stem cells exist in nature pluripotent cells. It also stands out distinct type of stem cells of the class which are induced pluripotent stem cells (iPSC cells) that are created in laboratory conditions. 
• Multipotent stem cells – stem cells differentiating only into a related class of cells. In intermediate stage, they can divide into oligopotent stem cells. 
• Oligopotent stem cells – stem cells differentiating into a few specific cell types, however having a lower ability to differentiate than multipotent stems cells.
• Unipotent stem cells – also known as precursor cells, these are stem cells that differentiate exclusively into cells of their own kind.
Table 2.1. 
Classification of stem cells with examples







	
Types of stem cells


	
Examples






	
Totipotent stem cells


	
Morula, i.e. a fertilized egg cell (embryo) and zygote





	
Pluripotent stem cells


	
Induced pluripotent stem cells and embryonic stem cells





	
Multipotent stem cells


	
Mesenchymal stem cells and hematopoietic stem cells





	
Oligopotent stem cells


	
Bone marrow cells





	
Unipotent stem cells


	
Bone-forming cells (osteoblasts) and hepatoblasts






2.1.1. Totipotent stem cells 
According to the definition of the National Cancer Institute, the term totipotency (Latin totipotentia) means “the ability to develop into any type of cell contained in the body”. However, according to the Merriam-Webster medical dictionary totipotency is defined as a function that determines ability to “develop into a whole organism or to differentiate into any of its cells or tissues”.
Totipotent (omnipotent) stem cells, where toti what means as a whole, show a very high development potential, compared to stem cells of other classes. However, to properly understand a totipotent stem cell origin, essential i to approximate the early stages of embryonic development. Basic example of  totipotent cells are zygotes and spore (i.e. diploid cells, where diploidy means having two sets of chromosomes, where, in humans, the correct one in the total amount is 46). With the above in mind, there should especially be emphasize to the essence of the totipotent cell, which is associated with the initiation formation of any of the three human germ layers to which consists of ectoderm, endoderm and mesoderm. 
Totipotent cells, as previously mentioned, are referred to cells with the greatest potential to differentiate into any type of embryonic cells as well as extra-embryonic cells. In addition they have the ability to differentiate into the trophectoderm (i.e. layer outer cells that shape the placenta) or primary endoderm. 
Thanks to their properties, totipotent stem cells are found in usage in a number of scientific research in the field of medicine. In particular, they play a role in research into more precisely deeper exploration and acquisition of new knowledge in the field of early embryonic development, activation of the zygotic genome, and also in order to create new therapeutic possibilities, thanks to research devoted to epigenetics or in replacement regeneration therapies tissues.
2.1.2. Pluripotent stem cells 
Pluripotent stem cells, where pluri means many, are cells showing the ability to self renewal through divisions in most cells of the (adult) body. The exception is extra embryonic tissues (an example of which is the placenta). 
It is possible to differentiate three basic groups of cells, which include:
• ectoderm – responsible for the initial formation of the nervous system and skin,
• endoderm – forming endocrine glands, respiratory system, digestive tract, pancreas and liver, 
• mesoderm – responsible for the formation of the main part circulatory system, bones, cartilage and connective tissue. 
The group of pluripotent stem cells includes: 
• embryonic stem cells (ESC) – coming from the inner cell mass (ICM) of pre-primordial embryos plantation, 
• ntES cells – formed via nuclear transfer somatic cell, 
• pES cells (parthenogenetic ES) – also known as embryonic parthenogenesis stem cells, 
• induced pluripotent stem cells (iPSCs). 
Determination of somatic cell nuclear transfer (SCNT) means the activation of an unfertilized egg cell to divisions. 
iPSCs are different in origin because they can be propagated as well as maintained in laboratory conditions, among others in vitro (also in the pluripotent state), thanks to the technology known as cell reprogramming. This technology has been discovered in 2006 by Professors Shin’ya Yamanaka and Sir John Gurdon, who is known as one of the pioneers of cloning. In 2012, both scientists for discovering the reprogramming of mature cells in pluripotential stem cells received the Nobel Prize in the field of medicine and physiology. According to the definition, pluripotent stem cells are characterized by the ability to potency and self-renewal. 
The technology of inducing or reprogramming cells involves somatic cell culture via ectopic co-expression of specific transcription factors (pluripotency). Somatic cells needed to produce iPSCs can be obtained scans from peripheral T lymphocytes or skin fibroblasts. What is worth emphasizing is the fact that these cells can be obtained from both patients and healthy people. Thanks to this knowledge, technology finds wide application in the field of regenerative medicine or in scientific research in the field of discovering new, potential medicines. In vitro conditions, thanks to molecular biology techniques, it is possible to reprogram somatic cells as well validation, expansion, differentiation of iPSCs (in standardized cell culture conditions), and subsequent cell analysis thanks to molecular methods (gene expression analysis, protein levels, cell proliferation, or epigenetic profiles).
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Figure 2.2. 
Potential application of induced pluripotent stem cells
Source Metamorworks/Shutterstock
Research on iPSCs in the field of molecular biology can be expanded to involving the use of three dimensional suspension cultures in the mold spheroids. In the field of tissue engineering, it is possible to use cells (iPSC origin) to produce human organs (e.g. liver) thanks to 3D bioprinting technology. 
2.1.3. Multipotent stem cells 
Multipotent stem cells, where multi means several, are cells with the ability to self renew via division and development into a limited number of cell types in tissues in specific lines. Mainly for multipotent cells, stem cells include adult stem cells. Moreover, multipotent stem cells are responsible for protecting tissues, their development as well as repair, and playing a role in inhibiting cells pathways, which may lead to anti-apoptotic effects (Greek: apoptosis, apoptosis is defined as programmed death cells) or anti-inflammatory.
The essential features of multipotent stem cells include their resting function until they receive the right signal leading to differentiation into the selected cell type, and also repair function of apoptotic cells or damaged cells. The group of multipotent stem cells includes hematotopoietic stem cells and mesenchemical stem cells, referred in Chapter 3.
Multipotent stem cells have a wide range of applications in the therapy and treatment of autoimmune diseases and hematopoiesis system defects, bone fractures, injuries (e.g. spinal cord), and also in the treatment of wounds, burns, anti-aging therapy and alopecia (incl case, mainly mesenchemical stem cells are used).
2.2. STEM CELL NICHE 
The stem cell’s niche is referred to the microenvironment tissues where stem cells are located. In this area stem cells are capable of self-renewal, but in an undifferentiated form. To stimulate differentiation, the matrix niche of stem cells interacts with stem cells. Interactions include cell-matrix and cell-cell signals. In molecular terms for each niche and stem cell type accurate signalling of the pathway may be different. The theory of stem cells’ microenvironment discovery saw the light for the first time in 1978 thanks to the research of Ray Schofield. 
It should be particularly emphasized that, on the one hand, the stem cells’ microenvironment are responsible for regulating their functions, on the other hand, changes within the stem cell niche may lead to the malignancy of the phenotype, which is associated with the potential for development cancer. Hence, the stem cell’s niche is the subject of many scientific researches, in particular in the field of cancer therapies, as well as regenerative medicine. 
A number of stem cell niches have been identified in mammalian tissues, which include: 
• Skin – epithelial stem cells 
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