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Abstract
Human skin is the largest organ of the body and it provides the first line of the 
defense system against environmental factors coming in contact by evading our 
ecosystem. Skin possesses notable regeneration capacity due to the presence of 
different types of stem cells including epithelial stem cells, melanocyte stem 
cells, mesenchymal stem-like cells, and progenitor cells. Moreover, the integrity 
of the skin is mainly maintained by epidermal stem cells. Skin and skin stem 
cells are more vulnerable toward aging process due to their direct contact with 
external stimuli including environmental pollutants, infection, and UV irradia-
tion. Aging is a complex and multifactorial process mainly caused by imbal-
anced redox status, DNA mutation, and telomere shortening. The reactive oxygen 
species (ROS) overproduction is the major contributor of skin aging as ROS 
exert oxidative damage to macromolecules and cell organelles, which continu-
ously accumulate and further accelerate aging process. Additionally, UV irradia-
tion induces oxidative stress, overproduction of ROS, and DNA damage which 
collectively cause photoaging of the skin. This chapter summarizes the overall 
effects of oxidative stress on skin aging, and several antiaging strategies such as 
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supplementation of nutritional antioxidants and autophagy modulation are also 
described to slow down the aging process of skin as well as skin diseases.
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Skin is the complex and largest organ of the human body that offers protection 
against environmental stresses and serves as a sensory interface between the body 
and its surroundings. Human skin is made up of three main layers, viz., the epider-
mis, dermis, and subcutis. The cells of epidermal layer originate at the basal layer 
that persistently change their form as they rise to the surface of the skin and are 
ultimately shed; this is the natural cycle of epidermal layer. Anatomically, epider-
mal layer can be further divided into four layers, the basal layer, spinous layer, 
granular layer, and stratum corneum. All these layers made about 0.2-mm-thick, 
functioning barrier to protect the body from injurious external stimuli (Fisher et al. 
1997, 2002; Kang et al. 2001). Skin formation is a continuous process in which new 
cells are formed at the basal layer and rise up to the stratum corneum. This pattern 
of cycle is very unique to each individual. Aging of individuals weakens skin metab-
olism; consequently injuries take a longer time to heal. The slower cyclic pattern of 
skin leads to the accumulation of dead skin cells on the surface resulting in thin-
looking skin with a dull or rough appearance.

The dermal layer consists of hyaluronic acid, collagen, and elastin that are pro-
duced from fibroblast cells and help in maintaining skin hydration and firmness. 
However, this function can gradually decline as a result of skin aging, inflammation, 
and ultraviolet (UV) radiation exposure. The dermal layer provides firmness and 
elasticity to the skin. The epidermis is only 0.2 mm thick and comprises about 90% 
of skin’s thickness. The dermis provides a greater influence on skin firmness and 
elasticity than the epidermis. The thickness of skin reduces with the progression of 
age due to loss of dermal collagen. Moreover, UV radiation exaggerates these 
aging-associated changes which results in coarse wrinkling, pigmentation (solar 
lentigines), and telangiectasia in UV-exposed areas.

1	 �Skin Stem Cells

The epidermis constantly self-renewed itself in order to resist the damage caused by 
their physical, chemical, and biological surroundings. This self-renewal ability of 
the epidermis is granted by adult stem cells and progenitor cells. Moreover, the 
dermis is divided into different lineages during embryonic development from mor-
ula to blastocyst stage of preimplantation. The first one is the trophectoderm and 
second is the inner cell mass (Adjaye et al. 2005; Gardner and Beddington 1988). 
The later one is a supplier of embryonic stem cells which possess self-renewal 
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capability and pluripotency (Thomson et al. 1998). Local stem cells play a signifi-
cant role in the homeostatic maintenance of many organs and tissues. The best 
example is the epidermis, in which cellular turnover is high and also has high regen-
erative potential (Rando 2006). In the adult human body, there are different kinds of 
stem cells which involve in the renewal of the various cell types in the skin during 
normal homeostasis or wound repair. Normally, epidermal stem cells and melano-
blasts are located in the skin.

Stem Cell Localization in Skin  Different kinds of skin stem cells have been 
reported in heterogeneous environment of skin (Shi et al. 2006). The epidermal lin-
ings of skin are replaced several times in the course of a human lifetime. The undif-
ferentiated stem cells in the basal layer divide continuously and produce differentiated 
descendants that eventually discarded with the time. Epidermal stem cells have two 
common features like other stem cells; first, they have self-renewal capacity for 
extended time periods, and, second, they can form multiple lineages after differen-
tiation (Weissman et al. 2001). The stem cells possess specific cell markers such as 
p63, β1high/melanoma chondroitin sulfate proteoglycan, and a6high/CD71dim (Suzuki 
and Senoo 2012; Senoo et al. 2007; Pellegrini et al. 2001).

The multipotent stem cells that produced a series of differentiated cell types in 
the skin are to be found in a specific area that is adjoining with the epidermis, in the 
hair follicle, which is called as the bulge (Oshima et  al. 2001; Christiano 2004; 
Morris et al. 2004). The follicle bulge region can develop into hair follicle epithe-
lium, including hair shaft, inner root sheath, and outer root sheath. These cells have 
specified cellular markers named as Sox9, K15, Lgr5, CD34, Lhx2, NFIB, NFATC1, 
K15, PHLDA1, K19, CD200, etc. (Liu et al. 2003; Trempus et al. 2003; Jaks et al. 
2008; Nowak et al. 2008; Sellheyer and Krahl 2011).

Epidermal Stem Cells  Among a range of skin stem cells, epidermal stem cells are 
mainly linked to skin regeneration and tissue repair. Several studies suggested that 
epidermal stem cells are rare and occasionally dividing cells that produce short-
lived and fast-dividing cells to accomplish the regeneration of the epidermis. They 
can be assumed as a key epidermal cell population conscientious for repairing skin 
injury. Although the majority of epidermal stem cells are resident of the basal layer 
in the epidermis, a few may also be present in the bulge region of the hair follicle as 
well as in the base of the sebaceous glands (Watt et al. 2006; Fuchs 2008). Epidermal 
stem cells, during their entire life cycle, are dispersed in two different cell types; one 
is the slow-growing cell type, in which epidermal stem cells are dormant. While in 
another fast-growing cell type, they are fast dividing and produce a large number of 
cells for the renewal of skin tissue. In the end, they go through several cell divisions 
prior to terminal differentiation to complete skin renewal. During skin damage, both 
epidermal stem cells and follicular stem cells play an important role in wound heal-
ing (Ito and Cotsarelis 2008; Ito et al. 2005; Taylor et al. 2000). At the time of injury, 
in the wounded region, hair follicle-derived epidermal stem cells along with pro-
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genitor cells start to drift toward the wound spot. Thereafter, epidermal stem cells 
reactivate response to skin damage and assist to skin rejuvenation at the cellular 
level (Langton et al. 2008).

Melanocyte Stem Cells  Melanocyte stem cells present in the skin are a supplier of 
transient fast-growing cells and differentiated melanocytes. There is little known 
about melanocyte stem cells and their function. The first time, a functional role 
(niche) for melanocyte stem cells has been reported in the bulge region of the hair 
follicle, also explained as the lower permanent position (Nishimura et  al. 2002; 
Nishikawa and Osawa 2007). The stem cells are regulated by their microenviron-
ment which includes other adjacent cells, secretary signaling proteins, and scaffold 
proteins of the extracellular matrix. The niche is very helpful for the population of 
the stem cell to evade the loss of the stem cell pools; in addition they are promoting 
dormancy so as to inhibit the overgrowth of cells. Stem cells as well as supportive 
cells within the niche may show overexpression of adhesion and extracellular matrix 
proteins including integrins or cadherins for the homeostasis of the cell (Raymond 
et al. 2009).

Mesenchymal Stem Cell-Like Cells and Neural Progenitor Cells  Mesenchymal 
stem cell-like cells are present at the dermis, and after division, they form mesoder-
mal parts and some cells of the neural system. They are CD34 negative and CD105, 
CD90, as well as CD70-specific positive surface markers (Garzón et  al. 2013). 
Moreover, the follicle dermal papillae are the source of neural progenitor cells that 
can split into the glial and neural lineage, and like other organs or tissues, they 
shared similar cell markers such as nestin.

Hematopoietic Stem Cells  These cells are situated at the follicle dermal papillae, 
and after differentiation, they form myeloid and erythroid cell lineages and express 
similar surface markers like in other organs or tissues.

Shortening of the Telomere, Loss of the Stem Cells, and Skin Aging  Shortening 
of the telomere is a characteristic of aging which is manifested by the congregation 
of gene and DNA damage during cell divisions. On the basis of previous findings, it 
is clear that the nuclease, transferase, and polymerase enzyme activities of telomer-
ase are accountable for the protection of telomeres against programmed cell death 
in response to DNA damage (Blasco 2005). However, the mechanisms behind the 
shortening of telomere in skin stem cell aging remain unknown (Counter et al. 2003; 
Friedrich et al. 2000; Nakamura et al. 2002). Skin contains adequate levels of telom-
erase enzyme and it is active only in few skin stem cells, basal epidermal cells 
(Bickenbach et al. 1998; Engelhardt et al. 1997; Taylor et al. 1996), the bulge com-
ponent of the hair follicle, and keratinocytes (Boukamp 2005; Ramirez et al. 1997). 
Human epithelial cells or fibroblasts have low or sometimes no telomerase protein 
(Funk et al. 2000; Nakano et al. 1998; Zouboulis 2003). In dyskeratosis congenital 
patients, skin shows symptoms like early hair loss, hair graying, poor nail growth, 

S. S. Tripathi et al.



33

and skin atrophy which are related to shorting of telomeres that lead to defects in 
proliferation and function of skin stem cells and poor healing of the wound (Mason 
et al. 2005; Westin et al. 2007).

Consequently, germline and stem cells evolve mechanisms to prevent telomere 
abrasion and protect them from senescence. In this mechanism, telomerase gets 
activated, in which TERT, TERC, and dyskerin (DKC) are involved, and can extend 
the end of the chromosome with specific telomeric DNA sequences (Tomás-Loba 
et al. 2008; Collins and Mitchell 2002).

Estrogen, Stem Cells, and Skin Aging  Estrogens have a multifunction role in skin 
aging; it can prevent the loss of collagen, augment the skin thickness, reinstate skin 
moisture, stop hair loss, as well as improve the wound healing (Brincat 2000; Azzi 
et al. 2005). Estrogen acts through the estrogen receptors (ERs) and can directly 
regulate fibroblast function. For collagen production, estrogen increases TGF pro-
duction by fibroblasts (Ashcroft et al. 1997). Furthermore, estrogen can overturn 
epidermal atrophy by means of stimulation of the cell proliferation and synthesis of 
DNA in keratinocytes (Urano et  al. 1995). Between menopause and the age of 
60 years, the estrogen level 17-E2, DHEA, and progesterone rapidly fall and then 
exhibit a lower level plateau afterward (Morley 2001; Phillips et al. 2001).

It has been established that estrogen suppresses keratinocyte apoptosis. It also 
activates cell cycle checkpoint protein cyclin D2, predominantly by means of con-
tact with a cell surface receptor GPR30, that further activates cyclic adenosine 
monophosphate (cAMP)/protein kinase A (PKA) signaling pathway (Kanda and 
Watanabe 2004).

Estrogen has the ability to affect skin directly but its mechanism of action in 
regulation of skin progenitor cells is not very clear. On the other hand, at present, 
the role of estrogen in the regulation of different types of stem cells has already been 
made known. The alterations in hormone production with age play critical roles in 
the instigation of skin aging but the exact mechanisms involving skin stem cells as 
well as hormone deficiency remain unknown.

Reactive Oxygen Species (ROS), Stem Cells, and Skin Aging  Excess of xanthine 
oxidase and nitric oxide synthase in tissues, under pathological stress conditions, 
produces heavy endogenous ROS.  ROS production is drastically amplified after 
cigarette smoke, exposure to UV irradiation, and other abuse (Kohen 1999). It is 
very exciting that ROS mainly produced in mitochondria, as well as other cell 
organelles, play a crucial role in aging (Chance et al. 1979). In other studies, the 
exposure of UV irradiation to human skin fibroblasts increases oxidative stress and 
also increase the expression of signaling molecules p16INK4A and p53/p21WAF1/
CIP1 that further cause the early senescence of fibroblasts and the conversion of the 
fibroblast into myofibroblast (Chen et al. 2008; Ruiter et al. 2002). It is well estab-
lished that repeated exposure to solar UV irradiation is the principal environmental 

Human Skin Stem Cells, Aging, and Possible Antiaging Strategies



34

factor for acceleration of skin aging process. In a study, skin samples were collected 
from sunlight exposure and sunlight-protected aged individuals and showed that the 
number of keratinocyte stem cells (KSCs) was considerably lower in photoaged 
than in the sun-protected skin (Kwon et al. 2008; Rass and Reichrath 2008).

UV Radiation and Photoaging of Skin  Among the radiation UV radiation is one 
of natural mutagens liable for the leading proportion of environmentally induced 
skin diseases, including inflammation and erythema, skin cancer, and age-related 
changes (Elwood and Jopson 1997). The UV exposure leads to excessive ROS pro-
duction such as superoxide, hydrogen peroxide, hydroxyl radical, and singlet oxy-
gen which are main contributors to the skin aging (Fig. 1). The effect of UV-induced 
oxidative stress on the skin aging is usually termed as photoaging. The UVA light 
mainly alters the physiology of dermis which is accountable for the progression of 
photoaging (Krutmann and Schroeder 2009). The UV-induced photoaging process 
also includes oxidative damage of DNA, especially the mtDNA (Berneburg et al. 
1997). However, UVA and UVB affect only epidermal cells due to their limited 
penetration ability and thus contribute to the photoaging process (Krutmann and 
Schroeder 2009).

Thus, UV radiation affects the cell’s macromolecules adversely through the pro-
duction of ROS and other reactive free radicals (Meyskens et al. 2001). Increase in 
UV radiation in the environment might be an important factor for increasing inci-
dent of skin cancer and melanoma from last several years (Armstrong and Kricker 
2001; Garbe and Leiter 2009). In childhood, UV protection is very important 

Fig. 1  Reactive oxygen species (ROS) produced from different sources initiate signaling path-
ways that contribute to change in skin structures and photoaging. The overproduction of ROS 
results in imbalanced redox status and oxidative stress which cause damage to various cellular 
macromolecules and eventually result in the development of photoaging of the skin. Abbreviations: 
IL interleukin, TNF-a tumor necrosis factor-a, VEGF-A vascular endothelial growth factor-A, 
MAPK multiple mitogen-activated protein kinase, JNK c-Jun N-terminal kinase, and MMP matrix 
metalloproteinases
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because it induces deposition of DNA damage in adulthood and leads to skin cancer. 
There is the significant skin’s anatomical difference between children and adults 
that makes easier for UV penetration and increases the risk of melanoma with 
excessive sun exposure before age of 10  years (Volkmer and Greinert 2011). 
Photoaging of skin is a combined effect of environmental and genetic factors and is 
mainly predisposed by exposure of UV radiation.

Skin stem cells are also susceptible to various genetic changes caused by harmful 
agents such as UV radiation; as a result tumor formation may occur (Perez-Losada 
and Balmain 2003). Interestingly, it has also been demonstrated that cyclobutane 
pyrimidine dimer (CPD) accumulates in epidermal basal cells upon chronic low-
level UVB exposure. CPD-retaining basal cells (CRBCs) were also observed in 
human skin receiving sporadic sunlight exposure (Mitchell et  al. 2001). Thus, 
CRBCs become targets for UV-induced skin cancer due to accumulation of DNA 
damage. On the other hand, the specific role of CRBCs in skin cancer induced by 
UV exposure has not yet been well documented.

2	 �Current Antiaging Strategies to Slow Down Skin Aging

During last couple of decades, a number of antiaging methods have been developed 
to slow down skin aging. The antiaging strategies include particularly preventive 
measurements, cosmetics, topical and systemic therapeutic agents, as well as inva-
sive procedures. Since it is well documented that aging process is the consequent of 
overproduction of free radicals, nutritional supplements containing antioxidants are 
the best remedies for aging as they scavenge free radicals and defend the cells from 
oxidative injure. These nutritional antioxidants comprise of lipoic acid, coenzyme 
Q, carotenoids, vitamin C, and vitamin E and trace elements including selenium and 
copper (Fusco et al. 2007; Marini 2011; Berger 2005). There are two safeguards for 
the skin, endogenous antioxidant (enzymatic antioxidants and synthesis of melanin) 
and exogenous antioxidant (which we eat in the food). UV-induced photoaging is an 
outcome of the failure of endogenous anti-oxidative repair processes. After this 
incident, the skin becomes clinically explicit with age, and functional harm to the 
skin prevails. At the moment, it becomes necessary to consume supplementary anti-
oxidants or to apply them on the skin in topical preparations (Poljsak et al. 2013).

Vitamin C is a water-soluble vitamin and presents in the skin predominantly that 
helps in protection of aqueous phase of the cells. Additionally, vitamin E protects 
the lipid portion of cell membranes and stratum corneum (Thiele 2001). The main 
concerns about the use of antioxidants include its compatibility, product stability, 
absorption inside the skin, and activation at the target spot. In the future, exact dos-
ing and administration route will be more important for the use of an antioxidant to 
give more drug-like effect. UV-induced early photoaging, wrinkling, and pigmen-
tary changes are measured as the most significant cutaneous manifestations. The 
antiaging strategies against UV-induced photoaging include the use of antioxidants, 
sunscreens to reduce UV exposure, and retinoids to promote collagen production. 
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Interestingly, combinatorial use of several strategies is the most powerful approach 
against UV-induced photoaging (Baumann 2007; Trautinger 2001).

Recently, the modulation of autophagy process has been shown to be an effective 
antiaging strategy against skin aging (Scherfer et al. 2013). Autophagy is a well-
conserved cellular process accountable for the continuous removal of oxidatively 
damaged macromolecules and cell organelles (Singh et al. 2017). The keratinocytes 
with defective autophagy demonstrate augmented DNA damage, senescence, and 
anomalous change in lipid profile after oxidative stress (Song et al. 2017). Since 
autophagy has been demonstrated to regulate skin stem cells, slow down aging pro-
cess, and deal with oxidative stress and microbial infection, the use of autophagy 
modulators provides a promising therapeutic strategy for alleviating skin aging and 
skin diseases (Li et  al. 2016). Skin tissue engineering is another novel strategy 
which provides alternative regenerative medicinal approach for possible manage-
ment of skin-related problems (Behera et al. 2017).

3	 �Conclusion

This chapter aims to give an overview of various types of stem cells found in the 
skin and their role in architecture and function of the skin. Moreover, the role of 
several factors including telomere shortening, UV irradiation, and oxidative stress 
in the general pathophysiology of the aging process of skin has also been critically 
reviewed. The process of aging in the skin is mainly driven by overproduction of 
reactive oxygen species which eventually lead to oxidative damage of macromole-
cules and cell organelles. Several antiaging strategies including nutritional antioxi-
dant supplementation, autophagy modulation, and skin tissue engineering have also 
been discussed to slow down the process of aging in skin and skin diseases.
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