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Abstract

As people grow older, the common conditions and developments that happen by aging are skin changes. For
example, over period of time, the skin becomes drier and thin, and other changes will start to occur such as
appearing spots, decreasing elasticity, increasing stiffening and appearance of wrinkles on skin. There are many
medical procedures which can be helpful to mitigate skin changing process. Most of the commercialized cosmetic
products have been created for the majority of customer’s population. For instance, the use of many anti-aging
creams may or may not prevent or even treat the changes of skin. Therefore, the effect of these products, and the
reaction of the body is not the same for different people. The causes of this difference can be related to many
parameters such as environment, nutrition, etc. Therefore, the human genome book can be the best source of
finding the most accurate solution. The appropriate type of cream for an individual’s skin type can be verified and
used accordingly. Global gene expression profiling (commonly called genomics) is an approach that can be used for
the identification of compounds for inclusion in cosmetic formulations that improve the appearance of aged skin. In
this study, the evaluations of all genes and their related antioxidants, which lead to skin aging have been studied.
The main goal is to match the appropriate medical procedure with the correct type of cream.
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Introduction
As people grow older, the common conditions and developments

that happen by aging are skin changes. For example, over period of
time the skin becomes drier and thin [1], and other changes will start
to occur such as appearing spots [2], decreasing elasticity [3],
increasing stiffening [4] and appearance of wrinkles on skin [5]. There
are many medical procedures which can be helpful to mitigate skin
changing process [6,7]. The most of the commercialized cosmetic
products have been created for the majority of customer’s population.
For instance, the use of many anti-aging creams may or may not
prevent or even treat the changes of skin [8]. Therefore, the effect of
these products, and the reaction of the body is not the same for
different people. The causes of this difference can be related to many
parameters such as environment [9], nutrition [10], etc. Therefore, the
human genome book can be the best source of finding the most
accurate solution. The appropriate type of cream for an individual’s
skin type can be verified and used accordingly. In this study, the
evaluations of all genes and their related antioxidants which lead to
skin aging have been studied. The main goal is to match the
appropriate medical procedure with the correct type of cream.

History of Aging
Aging process is defined as a process, which is intrinsic to the living

system, and individual events that does not occur suddenly [11]. It is
also described as deleterious in the sense that they decrease the ability
of an individual to survive [12]. Failure in several physiological
functions is classified by aging that leads to an increasing probability of
death. One of the obvious signs of human aging is the changes in
physical appearance [13], such as wrinkled skin as well as the
dysfunction of interior human body organs, such as a decreasing
inconsistent filtering of kidneys [14], the digesting system [15] and
muscular strength [16]. Over a certain period, human bodies will go
through many changes and adapt to multiple environments. The
environment is a very hazardous nature and over time, human bodies
will be more prone to many different types of diseases. There might not
be a guarantee in medical resolutions for such diseases other than
living a healthy lifestyle [17]. In a broadest sense, the change in the
central information system is the mechanism of genetic aging [18]. The
important cause of genetic regulation of aging can be related to the
continuum of development and the gradual alteration of vital areas of
the genome [18].

Natural aging process and external aging process are respectively
called intrinsic and extrinsic aging that are considered as two essential
processes that induce skin aging [6]. Genetic backgrounds combined
with a long period are influential to intrinsic aging. Photo damages
such as wrinkles, pigmented lesions, patchy hypo-pigmentations, and
actinic keratosis develop an extrinsically aged skin [19]. Slowed
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collagen, elastin production, slowed exfoliation, and decreased cellular
regeneration are some examples of intrinsic aging that progress skin
aging [5] while severe physical and psychological stress, alcohol intake
[20], environmental pollution [21], smoking [22] and exposure to
ultraviolet (UV) irradiation [23] are some instances of extrinsic aging
that develop skin aging growth [17].

Causes of Skin Aging
There are several skin aging factors that contribute to age-related

changes including oxidative stress theory of free radicals, the
mitochondrial dysfunction, UV radiation and other mechanisms that
may or may not influence skin changes acceleration [24]. The
accumulation of oxidative cellular damage, which was suggested by the
former factor of aging mentioned above is the main contributor to the
aging process. It is also considered as one of the key determinant of
longevity of the species [25]. Damage from free radicals shown by
multiple reactive oxygen species (ROS) is influential evidence of aging
[25–27].

UV induced by ROS and radiation of sunlight can cause pigment
changes such as liver spots, thickening of the skin, noncancerous skin
growths, and loss of elasticity [28].

Environmental Aspects of Skin Aging
The skin plays an important role as a protective barrier between the

internal organs, the body, and the environment [29]. Human skin has a
very broad and complex defensive system dealing with harmful and
hazardous chemicals in the environment. However, excessive or
chronic exposure will overwhelm the system and lead to oxidative
stress and damage. Incontrovertibly, human skin is the most important
interface between humans and their chemical, physical, and biologic
environment [30]. Protecting humans from the environment,
controlling body temperature, fluid and electrolyte balance are some
obvious skin performances.
Accumulation of insults or damages created by the environment is the
key factor of aging according to stochastic theories. The most obvious
effect of environment on skin aging is obtained from solar UV
irradiation [31]. UV exposure is one of the most reasons of skin aging
that boosts ROS generation in cells. Wrinkles and atypical
pigmentation are the most common examples of skin aging that have
been generated by intracellular and extracellular oxidative stress
initiated by ROS [32]. The oxidative stress in the skin also causes
multiple cellular damages, in the present of UV radiation, by
generating O2, H2O2 (Equation 1), OH radicals (through Fenton
reaction) (Equation 2) [33,34].

Ames and others showed that ROS and free radicals such as
superoxide anion (•O2−), hydrogen peroxide (H2O2), hydroxyl radicals
(OH•), and singlet oxygen (1O2) are the main causes of aging process
and mitochondria is considered as the vital source of these two reasons
that consumes 90% of oxygen in aerobic living organisms (Equations 1
and 2) [35].

The consumption of O2 by mitochondria is the result of normal
aerobic respiration and the reduction in forming steps to produce
water presented in the (Equation 3) [36].

H2+O2H2O2 (1)

H2O2+Fe2++H+Fe3++OH•+H2O (2)

�2 � − • �2− � − ��• � − �2� (3)
Equation 3: Normal metabolism of oxidants- The formation of O.2,

H2O2, and .OH occurs by successive additions of electrons to O2.

Methods

Aging genomics
Global gene expression profiling (commonly called genomics) is an

approach that can be used in the identification of compounds for
inclusion in cosmetic formulations that improve the appearance of
aged skin. For example, transcriptomics profiling of photoexposed and
photoprotected skin from women in their 60s compared with those in
their 20s has led to identification of age-related alterations in lipid
synthesis, epidermal differentiation, oxidative stress and extracellular
matrix. This understanding has proven useful in the identification of
cosmetic compounds.

Studies have shown that human lifespan variation contributed to
25-30% genetically is mostly increased with age [37-40]. Moreover, this
seems to be determined by small effects of many genes [39]. The
identification of linkage regions, genes, and pathways that regulate
human lifespan has aimed by genomic research performed by genetic,
transcriptomic, and epigenomic approaches.

The most interesting pathways identified using animal models are
the growth hormone (GH)/insulin/insulin-like growth factor 1 (IGF-1)
signaling and mammalian target of rapamycin (mTOR) signaling
pathways [37]. The analysis of genetic diversity using genotyping of
single nucleotide polymorphisms-SNPs among centenarians and the
other population individuals is exerted to detect longevity associated
candidate genes, apolipoprotein genes (APOE) Apolipoprotein and
transcription factor FOXO3A Forkhead [37]. The most convincing
longevity associated genes in human candidate gene studies were
performed in cross-sectional designs [37]. Several other genetic
approaches, large meta-GWAS, CNV, linkage and next-generation
sequencing studies have been applied to identify other loci namely
MINPP1 [39], OTOL1 and CAMKIV [39], and potential regions
showed suggestive association with longevity. These candidate gene
studies demonstrated a role for genes involved in signaling and
regulative pathways [40].

Skin Ageing is a multifactorial and complex process driven by both
intrinsic and extrinsic factors, including ultraviolet exposure and loss
of structure in the extracellular matrix, telomere shortening, and the
involvement of sirtuins respectively [41], which is influenced with the
probable involvement of heritable and various environmental factors.
Several theories have been conducted regarding the pathomechanisms
of ageing including cellular senescence and decreased proliferative
ability, reduction of cellular DNA repair capacity, loss of telomeres with
advancing age, point mutations of extranuclear mtDNA, which may be
associated with increased oxidative stress and increased frequency of
chromosomal abnormalities [42]. Mechanisms and pathways affected
on skin ageing included matrix production, barrier, lipid synthesis,
antioxidant capacity and hyperpigmentation are identified by
genomics and transcriptomics methods [43].

Two valuable technologies, DNA microarrays and RNA sequencing,
are used to transcriptome analysis and to understand genomics and
pathways, which are involved in skin ageing and extension of lifespan.
A recent microarray study to detect skin ageing related genes
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expression showed 1672 genes that were differentially expressed with
age; some of these identified skin genes were common to several tissues
such as adipose and brain involved to the Wnt, Notch and p53 pathway
like CDKN1A encoding p21WAF1, TPP1 and TP53AIP1.
Makrantonak et al. provided biomarkers of endogenous human skin
ageing in both genders, accentuated the role of Wnt signaling and
shows some age-related processes like the decrease in collagens [44].

Despite these advances, fundamental mechanisms of human ageing
still remain poorly understood. This may be due to collection of
human’s internal organs specimens for experimental research purposes
that are associated with major practical and ethical obstacles.
Alternatively, the use of skin as a common research tool may offer a
promising approach. Furthermore, results suggest that skin is a good
alternative to understand ageing of different tissues such as CNS [45].

Understanding the impact of genetics and mechanisms of ageing in
both human gender and different populations can develop effective
strategies to prevent the age-related diseases and improve the healthy
lifespan through the development of therapeutic products [46].

Regulation of genes in human skin aging
The main function of the skin is to encompass and protect the body

from environmental challenges and to be a sensory indicator of the
surrounding world. The epidermis, which is dominated by
keratinocytes, forms the skin barrier that protects the body against
water loss and external physical, chemical, and biological insults. The
transcriptome analysis shows that 63% of all human proteins
(n=19692) are expressed in the skin and 412 of these genes show an
elevated expression in skin compared to other tissue types (Figure 1)
[47]. An analysis of corresponding proteins with regard to tissue
distribution shows that most of these proteins are related to squamous
differentiation and formation of the outermost cornified layer and
expressed in different layers of the epidermis. Additional proteins
elevated in skin are expressed in melanocytes, hair follicles and dermal
cells with functions including pigmentation, hair development, and
connective tissue structure.

Figure 1: The distribution of all genes across the five categories
based on transcript abundance in skin as well as in all other tissues.

Additional proteins elevated in skin are expressed in melanocytes,
hair follicles and dermal cells with functions including pigmentation,
hair development, and connective tissue structure. Among all the
genes related to aging, Collagens, Fibulins and 100 Calcium binding
proteins are the most common (Figure 2) [47].

Figure 2: The distribution of 6 most effective proteins on skin aging

Collagen
Collagen is a long-chain amino acid and the most abundant protein

in the body. It is composed of the individual amino acids Glycine,
Proline, Hydroxyproline, and Arginine. In nature, collagen is found
exclusively in animal tissue, especially bones and connective tissue. It is
responsible for giving skin elasticity, hair strength, and connective
tissue its ability (the ability) to hold everything in place. In fact, the
collagen protein makes up 30% of the total protein in the body, and
70% of the protein in the skin [48]. The body’s natural collagen
production declines with age, and many modern lifestyle factors (like
stress, poor diet, gut health imbalances, etc.) can also decrease the
body’s ability to make it (Figure 3).

Figure 3: Collagen genes interactions and network.

Collagen is one of the most abundant proteins in the body, and it
makes up a large part of our skin, hair and nails. Technically a
polypeptide, collagen contains a mixture of amino acids such as
proline and glycine, which are found in all connective tissues within
the body (Table 1) [48]. While beauty treatments and
shampoos trumpet the benefits of collagen on their labels, the real
benefits come internally, not from a topical treatment (Figure 4).
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Figure 4: The basal layer contains epidermal stem cells and is the
location for proliferation and renewal of keratinocytes. In addition
to keratinocytes, melanocytes are also present in the basal layer.
Proteins expressed in the basal layer include COL17A1 and TP73.

Name of Gene Description Status in Skin
Aging

COL1A1 Collagen, type I, alpha 1 UP

COL27A1 Collagen, type 27, alpha 1 UP

COL6A2 Collagen, type VI, alpha 2 UP

COL6A3 Collagen, type VI, alpha 3 UP

COL1A1 Collagen type 1, alpha 1 DOWN

COL1A2 Collagen, type I, alpha 2 DOWN

COL3A1 Collagen, type III, alpha 1 DOWN

COL5A1 Collagen, type V, alpha 1 DOWN

COL5A2 Collagen, type V, alpha 2 DOWN

Table 1: Collagen based Genes related to Skin Aging.

Keratin
Keratin is a protein inside cells. It exists in many types of cells but it

is very important for epithelial cells, which make up the skin. Keratin is
a type of filament protein, called an intermediate filament. These
proteins form long strands inside the cell, hence the name filament.
The filaments anchor the cells to each other, which prevents the cells
from pulling apart (Figure 5) [49].

Keratin has two main functions in the skin:

1. To hold skin cells together to form a barrier

2. To form the outermost layer of our skin, that protects us from the
environment. To form a barrier, epithelial cells anchor together
through proteins called desmosomes. Two epithelial cells line up next
to each other and attach using desmosomes. The desmosomes act like
glue holding the two cells together. Inside the cell are the keratin fibers,
holding the desmosomes to the cell. Without the keratin fibers, the
desmosomes would just pull the membrane of the cell away from the
center (Figure 6).

Figure 5: Keratin genes interactions and network.

The keratin anchors the desmosomes to the cell and the
desmosomes anchor the cells to each other. The cells attach to each
other, and the long filaments within the junction are keratin proteins
[50].

Figure 6: Epidermis-specific type I keratin that plays a key role in
skin. Acts as a regulator of innate immunity in response to skin
barrier breach: required for some inflammatory checkpoint for the
skin barrier maintenance.

The second function of keratin is to form the outer layer of the skin.
This happens through keratinocytes in a process called cornification
(Table 2). The keratinocytes in the middle of the epithelium starts to
make more and more keratin [50].

Name of Gene Description Status in Skin Aging

KRT16 Keratin 16 DOWN

KRT17 Keratin 17 DOWN

KRT2A Keratin 2A DOWN

KRT6B Keratin 6B DOWN

KRT6C Keratin 6C DOWN

KRT16 Keratin 16 UP

KRT6A Keratin 6A UP

Table 2: Keratin based genes related to skin aging

Fibulin
Fibulins are a multigene family, currently with seven members.

Fibulin-1 is a calcium-binding glycoprotein. In vertebrates, fibulin-1 is
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found in blood and extracellular matrix. In the extracellular matrix,
fibulin-1 associates with basement membranes and elastic fibers
(Figure 7). The association with these matrix structures is mediated by
its ability to interact with numerous extracellular matrix constituents
including fibronectin, proteoglycans, laminins and tropoelastin [51].

Figure 7: Fibulin genes interactions and network.

In blood, fibulin-1 binds to fibrinogen and incorporates into clots.
Fibulins are secreted glycoproteins that become incorporated into a
fibrillar extracellular matrix when expressed by cultured cells or added
exogenously to cell monolayers (Figure 8). The five known members of
the family share an elongated structure and many calcium-binding
sites, owing to the presence of tandem arrays of epidermal growth
factor-like domains (Table 3). They have overlapping binding sites for
several basement-membrane proteins, tropoelastin, fibrillin,
fibronectin and proteoglycans, and they participate in diverse
supramolecular structures [52].

Figure 8: Fibulin-5 was recently found as a secreted extracellular
matrix protein that functions as a scaffold for elastic fibers. 

Name of Gene Description Status in Skin Aging

FBLN1 Fibulin 1 UP

FBLN2 Fibulin 2 UP

FBLN5 Fibulin 5 UP

Table 3: Fibulin based genes related to skin aging

S100 calcium binding protein
The protein encoded by this gene is a member of the S100 family of

proteins containing 2 EF-hand calcium-binding motifs. S100 proteins
are localized in the cytoplasm and/or nucleus of a wide range of cells,

and involved in the regulation of a number of cellular processes such as
cell cycle progression and differentiation. S100 genes include at least 13
members, which are located as a cluster on chromosome 1q21 [53].
This protein is widely expressed in various types of tissues with a high
expression level in thyroid gland. In smooth muscle cells, this protein
co-expresses with other family members in the nucleus and in stress
fibers, suggesting diverse functions in signal transduction. Multiple
alternatively spliced transcript variants encoding the same protein have
been found for this gene (Table 4 and Figure 9) [54].

Figure 9: S100 calcium binding A8.

Name of
Gene

Description Status in Skin
Aging

S100A2 S100 Calcium binding protein A2 UP

S100A7 S100 Calcium binding protein A7 UP

S100A8 S100 Calcium binding protein A8 UP

S100A9 S100 Calcium binding protein A9 UP

Table 4: Calcium binding protein based genes related to skin aging.

Skin transcriptome
An analysis of the expression levels of each gene made it possible to

calculate the relative mRNA pool for each of the categories. The
analysis shows that 83% of the mRNA molecules derived from skin
corresponds to housekeeping genes, and only 12% of the mRNA pool
corresponds to genes categorized as skin enriched, group enriched or
skin enhanced. Thus, most of the transcriptional activity in the skin is
related to proteins with presumed housekeeping functions as they are
found in all tissues and cells analyzed [55].

Gene ontology-based analysis of all the genes defined as skin
enriched (n=95), and group enriched with esophagus (n=33) indicate a
clear overrepresentation of proteins associated with keratinization,
epidermis development, epithelial development, epidermal cell
differentiation, and keratinocyte differentiation. Gene ontology terms
that are specifically found in skin and not esophagus are genes related
to establishment of skin barrier, regulation of water loss, and the ones
related to melanin biosynthesis [56].

Ageing proteomics
Biological aging refers to the irreversible process that accumulates

changes in vital organs that lead to loss of function or cell death.
Although some avoidance have been shown to be partially in contact
with aging disease in the senescent organism that is influenced by
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genetic, epigenetic and environmental factors, the causes of aging are
unknown entirely [57].

As aging is a process in which all of the biological system is
involved, we can find the leads causing aging diseases or disorder in
changing the relative level of protein expression, post translational
modification or protein folding [57-59].

Proteomics approaches aim at studying these features. Proteomics
analyzes all of organism's proteins data (proteome). Proteomics
technology led to the discovery and identification of proteins that play
a fundamental role in cellular aging. The identification of factors
involved in this process such as aging related proteins and methods of
controlling them can open a way to solve many clinical issues that
finally lead to delaying the aging process. In this type of studies, mostly
live cells with variety in age, from youth to old, are selected from
different tissues and then the completely derived proteins are studied.
Also in this section, we will follow the pattern of protein and
determine the level of expression using bioinformatics application.
Finally, abundance aging associated proteins, the intensity of
expression, changing in their three-dimensional structure during the
folding and their effects on aging will be recognized.

One of the molecular mechanisms identified in ageing is the loss of
proteostasis. Proteostasis or protein homeostasis refers to maintaining
proteome balance in the living organisms within individual cells,
tissues, and organs that influence the fate of a protein from synthesis
and fold to degradation. Protein homeostatic processes are responses
to stabilizing proteins. Molecular chaperones carry out these beneficial
functions. Chaperones are the group of unrelated protein families that
assist synthesized polypeptides to achieve the correct folding and
stabilize unfolded proteins by refolding. Heat shock proteins (HSP) as
a major group of these chaperons are expressed when induced by
environmental heat stress or oxidative stress. It has also been found,
HSP levels have decreased in aging. HSP were induced by the
activation of heat shock transcription factor (HSF), and then repair
damaged proteins. In addition, younger cells are able to recover from
low levels of oxidatively damaged proteins by refolding misfolded
proteins. If chaperons were unsuccessful to change misfolded protein
to correct-folded protein, proteasomal system for degradation of
misfolded proteins comes into the game [60].

As shown in model organisms such as Caenorhabditis elegans and
Drosophila misfolded proteins can induce other folded proteins to
misfolded ones, and they tend to stick together to establish aggregation
formation of proteins. Protein misfolding and aggregation have been
shown to be associated with aging diseases. Zhang et al. demonstrated
that aggregation of α-synuclein protein can cause neurodegeneration
by activation of nigral microglia in Parkinson' disease. In the
Alzheimer’s disease, Cummings et al. detected abnormal accumulation
amyloid precursor protein-immunopositive within neurons or
neurites. This granular deposition presents as plaques beginning to
grow and eventually rupture, then amyloid precursor protein
accumulation transport in extracellular space. Subsequent process
happens by astrocytes or microglia. For Huntington's disease has been
shown huntingtin protein that was encoded by a mutant CAG/
polyglutamine gene, was aggregated in patients' brains for all of these
diseases. Recent evidence suggests that Type 2 diabetes as a protein
misfolding disease occurred by depositing of aggregates of the islet
amyloid polypeptide (IAPP) in the endocrine pancreas cells.

Post-synthetic changes in protein composition occur due to external
stresses like reactive oxygen species (ROS), Reactive nitrogen species

(RNS) or inherent instability of proteins. By increasing reactive oxygen
species (ROS) during aging, proteins are changed. ROS attack protein
molecules and lead to accumulation of non-enzymatic modifications
on them which increase protein carbonyl content by oxidation on
arginine, lysine, threonine and proline residues [61]. The most
common antioxidant includes vitamins C and E, and the enzymes
superoxide dismutase, catalase, glutathione peroxidase and glutathione
reductase has been shown to be participated on suppressing of ROS
generation. In the aging disease it has been determined a correlation
between decline in cellular antioxidants content like glutathione and
reduction of life span. The increasing in level of oxidatively modified
proteins occur either the accumulation of this altered protein and
decreasing proteolysis that scavenging these altered protein. This is the
most possible factor responsible for the functional deterioration in
aged cells [62].

It seems during aging, chaperones cannot keep up with the rate of
protein folding because of the decrease of chaperons’ expression and
decrease of degradation of aggregation in proteasomal system. On the
other hand as we age, our cells encounter all kinds of damage like
oxidation. Damage accumulated while responding to environment and
decline in cellular antioxidants content. Cells under all of these
conditions go toward aging [63].

Components

Antioxidants
Nowadays, the application of natural antioxidants has been

considered as an important issue for human health. Increasing of
reactive oxygen can be balanced by the production of antioxidant
enzymes in the cell, such as catalase, superoxide dismutase (SOD), and
glutathione peroxidase. When a cell comes under stress, this balance is
interrupted, and the reactive oxygen species can overwhelm the cells
and lead to a change in normal cellular behaviors. Oxidative stress can
be generated by a variety of stresses such as extreme temperature, and
high UV radiation. Many of such stresses can lead to various skin
disorders. Therefore, the use of natural antioxidants can help the
researchers to find the solution to solve these problems. Among skin
antioxidant agents, Resveratrol and Curcumin have been considered as
the best choices [64].

High antioxidant activity of Resveratrol against oxidative stress
makes it a critical factor in a variety of cutaneous conditions such as
skin cancers. Resveratrol has different activities such as anti-
proliferative; it also has cellular effects on skeletal muscle formation. It
is able to control the cell accumulation via controlling the G1-phase
using different mechanisms as well. Resveratrol can suppresses tumor
necrosis factor-a, interluekin-17. Furthermore, curcuminoids and
Resveratrol have been considered as anti-alzheimer agents [65].

Curcumin is the most important compound of the spice turmeric
and is derived from the rhizome of the East Indian plant Curcuma
longa. Curumin is also considered as a potent radical scavenger.
Curcumin is capable of diminishing the effect of anti-oxidative
enzymes such as SOD, CAT, etc. It also has anti-inflammatory,
antioxidant, neurotrophic, and antidepressive effects. The new findings
suggest the role of curcumin for prostate cancer prevention.
Furthermore, curcumin increases the sirtuin level but does not
postpone the senescence of human cells production. Finally, curcumin
counteract the pro-inflammatory state which can participate in various
age-related diseases. In fact, curcumin might directly influence ROS
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scavenging and some signaling pathways, which can suppress the pro-
inflammatory state involved in the etiology of ageing and age-related
diseases [66].

Conclusion

Personalized medicine
The concept of personalized medicine dates back many hundreds of

years. It was not until the 19th century, however, that developments in
chemistry, histochemistry and microscopy allowed scientists to begin
to understand the underlying causes of disease. From here, major
advancements in science and technology have allowed healthcare
decisions to become increasingly granular over time. With the growth
of the pharmaceutical and medical device industries in the 20th
century came the rise of genetics, imaging, and data mining. Midway
through the century, observations of individual differences in response
to drugs gave rise to a body of research focused on identifying key
enzymes that play a role in variation in drug metabolism and response
and that served as the foundation for pharmacogenetics. More recently,
sequencing of the human genome at the turn of the 21st century set in
motion the transformation of personalized medicine from an idea to a
practice. Rapid developments in genomics, together with advances in a
number of other areas, such as computational biology, medical
imaging, and regenerative medicine, are creating the possibility for
scientists to develop tools to truly personalize diagnosis and treatment
[67].

The goal of personalized medicine is to streamline clinical decision
making by distinguishing in advance those patients most likely to
benefit from a given treatment from those who will incur cost and
suffer side effects without gaining benefit [68].

Application
The term “personalized medicine” is often described as providing

“the right patient with the right drug at the right dose at the right time.
More broadly, “personalized medicine” may be thought of as the
tailoring of medical treatment to the individual characteristics, needs
and preferences of a patient during all stages of care, including
prevention, diagnosis, treatment and follow-up [69].

Figure 10: The process to get to the personalized cream.

In order to make personalized cream, by getting biopsy from
patients, we extract their mRNA. By using the Microarray technology,
we get to the gene expression profile of patient. At this stage we can

realize which gene needs to be regulated (up regulate or down
regulate). Then according to our data base, we can select the
antioxidant which regulate those specific genes (which need to be
regulated) and make the personalized cream (Figure 10) [70].
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