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Abstract: Skin aging or the phenomenon of getting old usually results from a combination of several 
extrinsic and intrinsic factors involved in the natural wear and tear during the development period of 
an organism. A body’s overall well being can be judged by its beauty and skin health, for the 
improvement of which various products as well as strategies have been developed in the recent times. 
The clinical trial studies have indicated the stem cell therapy to be a promising solution for many 
diseases, which are not satisfactorily cured by the present medical treatments available. Therefore, this 
article focuses on reviewing various mechanisms involved during skin aging and anti-aging and skin 
rejuvenation strategies offered by stem cells. 
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Skin is one of the most important and the most significant organ of the human body that acts as a 
protective barrier layer between the internal organs and the outside environment. For the normal 
grown-up human, the skin has a surface zone of between 1.5-2.0 square meters (16.1-21.5 sq ft.)[1]. 
The thickness of the skin fluctuates impressively on all parts of the body, and amongst men and ladies 
and the youth and the elderly [1]. The primary function of the skin is to protect the internal organs of 
our bodies against the stresses induced by UV light, mechanical, thermal and chemical factors, 
dehydration and invasion by micro-organisms. The skin also contains receptors that sense touch, 
pressure, pain, and temperature. It also regulates our body temperature, and the subcutaneous adipose 
tissue is involved in the production of vitamin D and triglycerides in our body. As the protective layer 
of the body, our skin is continuously exposed to potentially harmful compounds that lead to its aging 
[2]. 

The skin has three primary layers, i.e., the epidermis, the dermis, and the hypodermis or the 
subcutaneous tissue [3]. The epidermis is the outer layer of the skin and structures the waterproof, 
defensive wrap over the body's surface, which likewise fills in as a barrier to contamination. It is made 
up of stratified squamous epithelium with an underlying basal lamina and doesn’t contain any blood 
vessels. The cells in the most profound layers are sustained almost exclusively by diffused oxygen 
from the surrounding air [4] and to a far lesser degree by blood capillaries extending to the outer 
layers of the dermis. The cells, which make up the epidermis are Merkel cells, keratinocytes, 
melanocytes and Langerhans cells and help the skin to maintain the body temperature. The epidermis 
can be further subdivided into the accompanying strata (starting with the peripheral layer): corneum, 
lucidum (just in palms of hands and bottoms of feet), granulosum, spinosum, basale. 

The dermis is the next skin layer beneath the epidermis containing the epithelial tissue and cushioning 
the body from stress and strain. The dermis is firmly associated with the epidermis by a basement 
membrane and harbors many nerve endings that give the feeling of touch and warmth. It contains the 
hair follicles, sweat organs, sebaceous organs, apocrine organs, lymphatic and veins that provide 
support and waste expulsion from its particular cells and also from the Stratum basale of the 
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epidermis. The dermis is fundamentally separated into two regions: a shallow region neighboring the 
epidermis, called the papillary district, and a profound thicker territory known as the reticular area. 

The hypodermis is not part of the skin but lies below the dermis with a purpose to attach the skin to 
the fundamental bone and muscle and also providing it with veins and nerves. It comprises of free 
connective tissue, fat tissue, and elastin. The primary cell sorts are fibroblasts, macrophages and 
adipocytes (the hypodermis contains half of muscle versus fat). Fat fills in as cushioning and 
protection for the body. 

 

Aging 

Aging, or senescence, means the process of getting old which is a natural wear and tear phenomenon 
and a combination of processes of deterioration that follow the period of development of an 
organism [5]. It speaks to the gathering of changes in an individual after some time [6], encompassing 
physical, psychological, and social changes. Albeit each piece of the body ages with the time, skin is 
the outside organ where the sign and side effects of maturing are promptly visible [7]. It is by and 
large with increased wrinkling, sagging, and laxity of skin. Aging of the skin can take place by various 
extrinsic and intrinsic factors. The extrinsic factors include smoke, ionizing radiations and other 
pollutants present in our environment. The aging process caused by extrinsic factors is also termed as 
photo-aging since it is caused mainly by the chronic exposure to the ultra-violet radiations. 
Intrinsically the skin is aged by various genetic factors and is often termed as chronological aging. 

 

 
Figure 1. Changing skin due to aging  

 

The skin aging takes place at two different levels: 1) changes that are visible to us, e.g., any change in 
the physical appearance of the body, and 2) changes taking place within our bodies, e.g., any change 
taking place at the biochemical level. The physical changes that come up with aging include wrinkles, 
sagging or slack skin, loss of firmness in the skin (tensed skin), thin or thick skin depending upon the 
type of aging, rough texture, pigmented spots, uneven skin tone and dull or non-lustrous skin with 
dilated capillaries appearing to be red in color. Aging leads to changes in the biochemistry of the skin 
with a decrease in the collagen (Figure 1). Further, elastin production leads to the loss of skin’s tensile 
strength, dehydration of the skin, decreased lipid production leading to skin dryness and a weakened 
skin barrier function, reduced blood flow and energy production to repair DNA damage. The aged 
skin cells take a longer time to regenerate and have impaired immune function. 
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In a healthy individual, skin respectability is bolstered by undifferentiated epidermal cells that self-
recharge and generate daughter cells experiencing terminal separation. Notwithstanding amassing of 
senescence markers in the matured skin, undifferentiated epidermal organisms are kept up at typical 
levels all through life. In this way, skin maturing is given by an imperfection in our own body's 
immature microorganism assembly or a decrease in the quantity of undifferentiated cells being 
competent to react to proliferative signs. The self-restoration and multi-ancestry separation of skin 
immature microorganisms make these cells appealing for maturing process considers yet also for a 
regenerative solution, tissue repair, quality treatment and cell-based treatment with autologous grown-
up undeveloped cells [8]. 

 

Stem Cells  

Stem cells are the establishment of each organ and tissue in the body. They are undifferentiated 
biological cells that can differentiate into specialized cells and can divide (through mitosis) to produce 
more stem cells. They are found in multicellular organisms. Undifferentiated cells are unspecialized 
cells fit for renewing themselves through cell division unbounded as long as the individual is as yet 
alive. Every new cell has the potential become another type of cell or remain the same [9]. 

In humans, there are three main sources of autologous adult stem cells [56]: 1) Bone marrow, which is 
extracted by harvesting or drilling into bone (typically the femur or iliac crest); 2) Adipose tissue or 
lipid cells, which are extracted by liposuction; and 3) Peripheral blood - It is extracted from apheresis, 
wherein blood is drawn from the donor and passed through a machine to extract the stem cells that 
returns other portions of the blood to the donor. Stem cells can also be taken from umbilical cord 
blood after the birth, skin and dental pulp of the patient.  

Different types of stem cells include ESCs (embryonic stem cells), TSCs (adult tissue stem cells) and 
iPSCs (induced pluripotent stem cells) (Figure 2). Embryonic stem cells are derived from the 
blastocysts’ inner cell mass of embryos preimplantation-stage. Specific signals are required by these 
cells for differentiating into the desired cell type; simple, direct injection will facilitate their 
differentiation into different cell types, leading to a tumor formation from the development of an 
abnormal pluripotent cell (a teratoma). The challenges faced by the embryonic stem cell researchers 
are embryonic stem cell differentiation and chances of transplant rejection. Due to their pluripotency 
and unlimited expansion potential, embryonic stem cells are the potential option in regenerative 
medicine and tissue replacement post injury or disease. 

An adult tissue stem cell is an undifferentiated cell, which can proliferate, self-renew and produce a 
large number functional progeny that are differentiated, regenerate tissue post-injury. At times, a term 
somatic stem cell is being used in place ASC, and here somatic means all other cells of the body 
except the germ cells, i.e., sperm or eggs. Adult stem cells are concentrated in several organs and 
tissues of our body, like the brain, peripheral blood, blood vessels, bone marrow, skin, skeletal 
muscle, teeth, liver, heart, gut, testis and ovarian epithelium. ASCs are concentrated in the stem cell 
niche, a particular area in each tissue. The adult stem cells reside in several tissues and form the 
specialized cell types of the tissue in which they reside by entering normal differentiation pathways. 

Induced pluripotent stem cells are genetically reprogrammed somatic cells, which form an embryonic 
stem cell-like state when forced to express genes essential for maintaining the defining properties of 
embryonic stem cells. Despite the fact that more research is needed, iPSCs are already being used as 
powerful tools in drug development and disease modeling, and have a great scope of being used in 
transplantation medicine. Also, tissues derived from iPSCs will be quite similar to the cell donor 
thereby, probably avoiding rejection by the immune system.  
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Figure 2. Key facts and types of stem cells. 

 

Autologous harvesting of stem cells offers the least risk of all the stem cells. As the definition 
suggests, autologous cells are harvested from patient’s own body. ASCs are often used in medical 
therapies like bone marrow transplant [10]. 

Mesenchymal stem cells (MSCs) called adipose-derived stem cells (ASCs) are obtained from abundant 
adipose tissue, adherent on plastic culture flasks, which can be expanded in vitro and can differentiate 
into multiple cell lineages [11]. These cells are usually derived from the stromal vascular fraction 
(SVF) of homogenized adipose tissue. Like other mesenchymal stem cells (MSC), ADSC is difficult to 
define because of the absence of definitive cellular markers. However, variations of MSC, including 
ADSC, are shown to be present in a perivascular location, and evidence points that both MSC and 
ADSC could, in fact, be vascular stem cells (VSC) [12]. Locally, these cells differentiate to form 
smooth muscle and endothelial cells that are inducted into new blood vessels during the process of 
angiogenesis and neovasculogenesis. Besides, MSC or ADSC can differentiate into tissue cells, e.g., 
adipocytes in the adipose tissue. Further, MSC or ADSC are used in injury sites where they participate 
in the repair/regeneration of the damaged tissue [12]. 

Cell-based skin rejuvenation makes the use of stem cells to treat/manage/prevent a diseased 
condition. Most widely used stem cell therapy is done via bone marrow transplant, but some therapies 
involving the umbilical cord blood are also in use currently. Research is in progress for the 
development of different sources for stem cells, and application of stem cell treatments in 
neurological disorders and other diseased conditions like diabetes and heart diseases. The stem cell 
therapy includes the collection of stem cells from the patient’s body, further processing of the same 
and finally the reinfusion of those cells at the target sites in the patient’s body.  

 

Treatment strategies 

Although aging is a natural degenerative process and bodily downfall which is an inescapable process, 
it can be postponed or prevented by using specific approaches. These days stem cell therapy has 
come up with brilliant results in reducing the aging signs like wrinkles or age spots. Some of the 
treatment strategies have been listed below. 
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PRP (Platelet Rich Plasma) is a concentrate of platelet-rich plasma protein derived from whole blood, 
centrifuged to remove the red blood cells. As compared to the overall blood, the concentration of 
growth factors is quite high in PRP and therefore is used to encourage a quick healing response 
across several specialties, particularly in dentistry, dermatology, and orthopedics.  

PRP skin therapy is a type of regeneration therapy using a patient’s blood utilizing the platelets 
present in the blood for skin rejuvenation. Due to its natural wound-healing ability, this therapy is 
used by injecting/administering the concentrated platelets collected from the blood and is found to 
be not associated with any allergy or infections. Various fields have studied and applied the safe 
therapy. PRP is concentrated source of blood and autologous plasma, and therefore it contains 
several growth factors and other cytokines that stimulate soft tissue and joints healing. The main 
indication in sports medicine and orthopedics are acute muscle strains, tendinopathy and muscle-
fascial injuries and osteoarthritis [13]. In dermatology, main indications that can be managed with 
PRP are wound healing, androgenic alopecia, and skin rejuvenation. For PRP preparation, several 
protocols are used, with a basic principle of concentrating platelets to 3–5 times that of physiological 
levels, followed by injection of this concentrate on the target site [14]. The potential of growth factors 
present in PRP in healing injuries and their concentrations contribute towards the theoretical basis for 
the PRP based tissue repair [15]. The platelets in PRP are activated upon thrombin and calcium 
chloride addition, inducing the release of the mentioned factors from alpha granules. The growth 
factors and cytokines of PRP include [15, 16]: platelet-derived growth factor, transforming growth 
factor-beta, fibroblast growth factor, insulin-like growth factor-1, insulin-like growth factor-2, 
vascular endothelial growth factor, epidermal growth factor, interleukin-8, keratinocyte growth factor, 
and connective tissue growth factor. These factors regulate processes like cell migration, attachment, 
proliferation, and differentiation, and promote extracellular matrix accumulation by binding to 
specific cell surface receptors [17, 18]. PRP is being used in several surgical procedures and clinical 
treatments, including the treatment of problematic wounds due to the presence of higher 
concentrations of growth factors [19] and maxillofacial bone defects [20], cosmetic surgeries [21, 22], 
and gastrointestinal surgeries [23]. Recently, PRP has attracted attention in the field of dermatology, 
specifically in the aesthetic field of skin rejuvenation. This therapy is found to have much greater 
efficacy in rejuvenating the skin by removing wrinkles, and reducing acne marks irregularities as 
compared to the conventional therapy.  

Recent studies have shown that human skin aging is a result of the gradual decline in function with 
time (intrinsic aging) and cumulative damage due to environmental factors (extrinsic aging), like 
exposure to chemicals, smoking, and harmful radiations [24]. UVB has shown to stimulate collagenase 
in dermis production by human dermal fibroblasts (HDF) and induce collagenase gene expression 
[25, 26, 27, 28]. The structural integrity of the skin is impaired on continuous exposure to ultraviolet 
B radiations due to collagen degeneration and alteration in elastic tissue deposition. The resilience of 
the skin is also reduced and the topical application of growth factors aids to the rejuvenation of 
photo-aged facial skin, improving its clinical appearance and inducing new collagen synthesis [29, 30]. 
Since PRP contains several growth factors that help in skin regeneration, it may be hypothesized to 
induce collagen synthesis and stimulation of fibroblasts activation, therefore, aiding to skin 
rejuvenation [24]. Although, PRP is widely used in clinical dermatology it has limited effects on aged 
fibroblasts. 

An effective anti-aging therapy plays many roles since a number of physiological changes 
characterizes aging. Photo-aged skin is generally characterized by irregular pigmentation, roughness, 
telangiectasia, fine and coarse wrinkles. Stem cell based wrinkle fillers are natural facial fillers that use 
ones body’s natural fat to help to smoothen the facial lines and wrinkles, thus giving a more youthful 
and natural look to the skin. This treatment also plumps up the hollowed cheeks and lips along with 
evening out the skin irregularities. Natural fat used in these fillers help the skin to look more supple, 
fresh and young. It is also used for improving the facial contours.  When we age, the fat in the body 
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starts depleting, and the skin tends to lose its elasticity, resulting in an increase in facial lines, wrinkles 
and folds formation, leading to the cheeks looking hollow and gaunt giving an overall effect tired, 
worn out and older appearing skin. These fat fillers eliminate facial lines and wrinkles, reduce under 
eye bags, even out skin irregularities, plump up hollowed cheeks, improve chin contour, and add 
volume to the lips. 

Adipose-derived stem cell therapy. Adipose-derived stem cells (ADSC) offer significant roles in 
accessibility and abundance as compared to other stem cells in the management of several 
dermatological disorders. Injecting ADSCs subcutaneously substantially increased synthesis of 
collagen in mice which were hairless, and thickness of the dermis, density of collagen and fibroblast 
number, procollagen type I protein, angiogenesis, and mRNA expression were also increased [31]. It 
was concluded that ADSC therapy might be useful in aging skin as ADSC have antioxidant, whitening 
and wound-healing effects in the skin because of growth factor secretion and fibroblast activation 
[32]. The ADSC and its secretory factors came out to be effective in wrinkles induced by UVB as 
well, and the anti-wrinkle effect was mediated by decreasing apoptosis induced by UVB and 
stimulating collagen synthesis of HDF [33]. Cell therapy for facial anti-aging in clinical experience was 
introduced including cultured gingival fibroblasts injection lasting for at least one year, making it a 
good option for patients [34]. A study demonstrated that ADSCs and their secretory factors showed 
promise for application in cosmetic dermatology, especially in the treatment of skin aging too [35]. 

Fibroblast based skin rejuvenation. During aging, there is a continuous loss of collagen and elastin 
which are visible with time. A study reported the availability of the US Food and Drug 
Administration (FDA) approved first-in-class personalized cell therapy termed laViv to remove fine 
wrinkles or nasolabial folds around the nose and mouth [36]. Autologous fibroblasts have shown to 
correct the appearance of signs of aging and wrinkles by replenishing lost dermal constituents 
depicting the application of autologous cells in aesthetic medicine [37]. Another study depicted the 
benefits of skin fibroblasts injections that had no side effects. Four injections each at an interval of 
15-days containing 6.4×106 fibroblasts/mL significantly improved flaccidity of periorbital skin [38]. A 
recent study in 10 patients with stable vitiligo showed improvement in patches in 80% of the subjects 
upon intra-epidermal injection of dissociated autologous epidermal cells [39]. 

Dermal fibroblasts synthesize and organize the dermis with layers of (a) epidermis having 
keratinocytes, melanocytes, and Langherans cells; (b) dermis with fibroblasts, vessels, and dendritic 
cells; and (c) subcutaneous tissue. A basement membrane separates the epidermis from the dermis by 
collagens and laminins that is synthesized by fibroblasts and keratinocytes. Type I collagen is the 
protein in the dermis which is produced by fibroblasts by synthesizing collagens such as III, V, VII, 
elastin, proteoglycans, and fibronectin. The half-life of type I collagen in the human skin is found to 
be higher than one year [40]. Fibroblasts have an essential role in wound healing. They produce 
matrix metalloproteinases and plasmin too. Its synthesis is increased in the remodeling of an injured 
area after a wound [41, 42] and also its production has an increasing trend in fibrotic diseases [43, 44] 
while has a decreasing trend during aging and after a sun exposure [45]. 

Stem cell or stromal cell secretome is a joint term for the paracrine soluble factors originating from 
the stem cells and further utilized for the inter-cell communication, tissue development, homeostasis, 
and regeneration. It contains extracellular vesicles [46], to be more precise, membrane particles, 
exosomes, peptides micro-vesicles, and cytokines. The paracrine activity of these is a predominant 
mechanism through which the stem cell-based therapies produce their effects in diseases such as, 
degenerative, auto-immune or inflammatory diseases [47]. Stem cell therapies employ non-
hematopoietic mesenchymal stem cells that offer a wide range of therapeutic potentials in different 
diseases, most of which are currently under clinical trials [48]. The therapeutic potential of stem cells 
attributes to their secretome, which modulates almost all the biological processes in vivo and in vitro, 
including cell proliferation, differentiation, survival, immunomodulation, angiogenesis, anti-apoptosis, 
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and stimulation of adjacent tissue cells. This is in contradiction with a noteworthy hypothesis stating 
that stem cell migration and trans-differentiation are the key mechanisms of effect of injection 
therapies based on stem cells [47].  

In vitro research is being done for the synthesis of specific stem cell secretomes. Usually, stem cells 
are activated in response to external stress, like in vivo tissue damage, to produce higher amounts of 
secretome. Mechanisms for secretome (extracellular vesicles) production include stress-inducing 
methods like anoxia and hypoxia and physical, pharmacological, or cytokine-related methods that 
produce secretome in vitro. This approach is also termed cell-free stem cell therapy. 

Amniotic fluid based rejuvenation. The stem cells obtained from the amniotic fluid are termed as 
amniotic stem cells [48, 49] as well as the amniotic membrane [50]. They can develop into various 
tissue types including skin, cartilage, cardiac tissue, nerves, muscle, and bone [51] The cells also have 
potential medical applications, especially in organ regeneration [52]. The stem cells are harvested from 
the amniotic sac through amniocentesis without affecting the embryos. Therefore, stem cells 
harvested from the amniotic fluid are considered ethical for use [48]. These stem cells are found novel 
in cell transplantation therapy, because of their renewal ability, in vitro expression of embryonic cell 
lineage markers, and their differentiation ability to embryonic layer derived tissues. These cells lack a 
property of producing teratomas when transplanted into animals and have certain characteristics like 
low antigenicity, proving to be an advantage for cell transplantation or replacement therapies [55]. 
Possible applications include the use of amniotic stem cells for fetal tissue engineering to reconstruct 
birth defects in infants, for cardiovascular tissue engineering to determine the potential of amniotic 
stem cells to differentiate into cardiac cells and kidney injury repair by being able to distinguish into 
renal cells. Utilization of stem cells harvested from the amniotic fluid proves to be more advantageous 
than using embryonic stem cells [53]. Their better stability and plasticity as compared to the adult 
stem cells further add to their advantage [54]. Stem cells utilized for therapeutic approaches are 
harvested from both the amniotic fluid and membrane [50]. 

 

Conclusion 

This paper reviewed the treatment strategies for the rejuvenation of skin using one’s stem cells to 
delay the natural wear and tear of the skin as the skin ages. These days, treatments like PRP and stem 
cell wrinkle fillers prove their efficacies based on the physiological changes in the structure of skin 
and give a better insight of the regulation of the aging process.   
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