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Abstract

Genetic risk assessment is becoming an important component of clinical decision‐making. Recent research has
focused attention on the single nucleotide polymorphisms (SNPs) involved in the aging process. The aging process
is a complex interaction of genetic and environmental factors. To evaluate the contribution of individual genetic
variability to skin aging we combine the relatively small effects of individual genes in a multi locus genetic risk score
(GRS). This study aims to evaluate whether the genetic risk score may be linked to the evolution of skin properties
and provide personalized skin care and anti-age treatments.

A GRS was calculated using an additive model, based on the genotype analysis of 8 selected SNPs potentially
associated with skin aging. One hundred patients were genotyped, tested for skin properties (elasticity, stratum
corneum thickness, H2O content) and subjected to a questionnaire to evaluate sun exposure. ANCOVA analysis
was performed to evaluate qualitative and quantitative explanatory variables. Once all the variables were taken in
account, we found a significant correlation between GRS and elasticity and the thickness of the stratum corneum
(SCT) suggesting that the combination of genetic signature, environmental and lifestyle information may provide a
useful tool for personalized and more effective anti-aging therapies.

Keywords: Genetic risk score; Aging skin; Stratum corneum; SNPs;
Skin elasticity

Introduction
The increasing knowledge of the genetic bases of several common

multifactorial diseases paves the way to personalized medicine that
means preventive and therapeutic interventions that are tailored to
individuals on the basis of their genetic profiles. Despite the
controversial predictive value of genetic testing in multifactorial
diseases, an increasing number of companies are offering personalized
lifestyle and health recommendations on the basis of individual genetic
traits. These commercial developments are attracting increasing
interest from consumers and health care professionals, asking for a
solid evidence base for genomics applications. One of the major
challenges in the next years will be to investigate the translation of this
emerging genomic knowledge into medical care.

The aging process, as well as multifactorial diseases, depends on a
complex crosstalk between intrinsic (genetic and hormonal) and
extrinsic (nutrition, lifestyle etc.) factors. Skin changes are the most
visible signs of senescence process, and a field of increasing interest in
a society that places more and more interest in appearance and beauty.
The interaction between intrinsic and extrinsic factors induces changes
in biochemical properties that cause skin decay. Significant structural
alteration that cause this process are loss of elasticity due to the
degeneration of extracellular matrix and changes in skin water content,
thinning of epidermal layer and thickening of the stratum corneum
due to the increase of terminal differentiation of keratinocytes [1,2].

Studies on twins show that the genetic component of skin
deterioration process accounts for about 60% [3]. Among non-genetic
factors, sun exposure is the environmental factors of major importance
for premature skin wrinkling or facial aging [4]. On the other hand
gender and ethnicity are additional factors to take in account to
evaluate the variables that influences skin aging [5,6]. Sun exposure
interacts with skin properties modifications increasing oxidative stress
processes [7]. A major consequence of oxidative stress is the damage to
nucleic acid bases, lipids, and proteins, which can severely compromise
cell health and viability. In model systems, this process has been
showed to lead to accelerated aging phenotypes and cellular senescence
of skin [8]. The process of skin aging also results in an increase of
inflammatory cytokines, which are responsible for many of the
degenerative diseases associated with aging [9]. Oxidative stress is
related to systemic inflammation, which in turn impair cell aging
processes [10].

In recent years, research has focused its attention on the role of
genes and their variants, in particular single nucleotide
polymorphisms (SNPs), in relation to individual susceptibility to
complex diseases. Genetic polymorphisms might provoke a change in
the protein or its expression, resulting in alterations in metabolic
function. These genetic variants may sometimes be responsible for an
unfavorable outcome of a disease, whereas it may also be protective for
such pathology. An excellent example of complex disorder that reveals
the interactions between genetic (susceptibility gene or variants) and
environmental (geographic localization, skin phenotype, exposure,
latitude, UV incidence, lifestyle) factors may be the Atopic Eczema
(AE, OMIM 603165). AE is the most common chronic inflammatory

Journa
l o

f C
lin

ic
al

 & E
xperimental Dermatology Research

ISSN: 2155-9554

Journal of Clinical & Experimental
Dermatology Research Garoia et al., J Clin Exp Dermatol Res 2018, 9:6

DOI: 10.4172/2155-9554.1000472

Research Article Open Access

J Clin Exp Dermatol Res, an open access journal
ISSN:2155-9554

Volume 9 • Issue 6 • 1000472



skin disease characterized by increased trans-epidermal water loss
(TEWL) and skin barrier abnormalities and disruption. On this
subject, numerous environmental events (chemical injuries, traumatic
wounds, UV exposure) and genomic characteristics can compromise
the barrier activity. To date, the mutational spectrum of FLG gene
comprises different variations that show an ethno-specific distribution
profile, especially among north European and Mediterranean
populations. On this subject, the notable variability of FLG variants
between European and Mediterranean populations might reflect the
influence of the different UV exposure with respect to the geographic
localization [11,12].

To combine the relatively small effects of individual SNPs and to
better capture the complex relationships between genetics and complex
disease, the use of multilocus genetic risk score has been proposed
[13]. In fact, several studies demonstrated that the aggregation of the
contribution of multiple SNPs, selected from both candidate genes and
genes identified through large scale genomic association studies, into a
single genetic risk score (GRS) significantly increases the prediction
power of the susceptibility to develop complex diseases like
cardiovascular disease, type II diabetes, periodontitis or psoriasis
[14-17]. Despite the fact that studies have greatly expanded the
discovery of genetic markers associated with several complex diseases,
there are no studies which evaluate a genetic risk score for skin aging.
The aim of this study is to determine the clinical utility of a GRS to
estimate the individual susceptibility to skin aging factors. To this end,
we concentrated on 8 loci previously reported to have an association
with alteration of skin properties and individual response to
inflammation and oxidative stress. Identification of the definitive set of
SNPs for inclusion in a GRS was not the primary aim of this work,
however this pilot study was drawn up with the aim to evaluate
whether genetic risk score may increase the prediction of skin aging
risk and support the development of personalized aesthetic treatments.

Methods

Study design
The study was conducted in 100 Italian volunteers, with an age

between 21 and 66 years old (23 males and 77 females). All selected
patients were Caucasian (people with European origin), belonging to
Fitzpatrick skin type 2 and 3. Subjects underwent medical history and
clinical examination; exclusion criteria included systemic diseases or
presence of genetic diseases which were clinically evident. All patients
signed written informed consent. The examination of each subject was
conducted using a lifestyle questionnaire and, to evaluate the impact of
lifetime sun exposure (LSE), using the Sun Exposure and Behavior
Inventory (SEBI).

Genetic marker selection
The 8 single nucleotide polymorphisms that make up the genetic

risk scores tested were selected on the basis of their involvement in
aging factors as previously described in literature. The selected SNPs
were COL1A1 rs1800012, involved in the type I collagen turnover,
MMP3 rs3025058, that influences the breakdown of extracellular
matrix and tissue remodeling; ELN rs2071307, that affects assembly
and mechanical properties of the elastic matrix; CAT rs1001179, GPX
rs1050450 and MnSOD2 rs1799725, that influence individual
antioxidant capacity; IL‐1B rs1143634 and TNF‐A rs1800629 that
modulates anti‐inflammatory response [18-22].

Genotype identification
Total DNA was isolated from epithelial oral cells by a masked

operator. DNA extraction from buccal swabs was performed using the
Sample‐to‐SNP Kit (Applied Biosystems), following manufacturer’s
instructions. Genetic determination of was performed by Real Time‐
PCR method. SNP‐specific primers and probes were designed
according to the TaqMan genotyping assay by Applied Biosystems, and
assays were performed in 25 ml total volume on Stratagene MX3000P
following manufacturer’s instructions.

The genetic risk score (GRS)
The genetic risk score was calculated using an additive model. In

order to combine the effects of all SNPs, risk alleles were counted and
used as a sum score [23]. The risk score was calculated for each gene
considering the variability of a single or both nucleotides, as follows:

• 1-no risk alleles
• 0,1-risk allele
• 1,2-risk alleles

On this basis, in this study the genetic risk factor may assume a
variable value between ‐8 and 8, where ‐8 indicates a low genetic
predisposition and 8 a high level of susceptibly to aging.

Skin properties measurement

Figure 1: GRS distribution in the analyzed sample.

Skin properties measurement (Figure 1) was taken using a Skin
Tester Device (Selenia, Italia). Skin Tester uses ultrasound
densitometry for the investigation and the measurement of facial skin
properties: elasticity, H2O content and SCT. Skin Tester also uses
principles of classical impedenziometry for the determination of the
water content. An ultrasound emitted beam is reflected by the dermal
tissues, according to its stromal density and vascular tone.
Furthermore, impedance variation as related to intracellular and
interstitial water content and photoplethysmography, a reflectometric
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method to evaluate vascular network dynamics, are encompassed by
the diagnostic device. Therefore, total, extracellular and intracellular
water can be detected. The device analyses a number of parameters and
it has been used to monitor pre- and post-treatment variations [24].

Statistical analysis
Power analysis for multiple regression showed that the number of

cases analyzed, with an anticipated effect size (f2) of 6.69, 8.11 and 15.6
(for elasticity, H2O content and SCT respectively), 5 predictors,
probability level of 0.01 is sufficient to give a statistical power of more
than 90%. The analysis was done using the G*Power software [25,26].
Correlation tests (Pearson Coefficient) and ANCOVA analysis were
performed using XLSTAT vs. 2015 (Addinsoft) for Windows. Box‐Cox
transformation implemented in XLSTAT was used to transforms non‐
normally distributed data to a set of data that has normal distribution.

Results
Genotypic frequencies of the 8 SNPs in the sample population are

shown in Table 1. The GRS value may vary from -8 to 8, even if we
found no subjects with -8, -7, 6, 7, 8 GRS values. The GRS distribution
in our sample is showed in Figure 1. We analyzed the correlation
between skin properties measurements (elasticity, SCT, H2O content),
and the results show a strong significant positive correlation between
H2O content and elasticity, and a strong negative correlation between
SCT and elasticity as well between SCT and H2O content (Table 2).
The primary aim of this study is the evaluation of the contribution of
individual genetic variability to skin aging. The aging process depends
on a complex crosstalk between intrinsic and extrinsic factors then, to
evaluate the influence of quantitative (GRS, age, LSE) and qualitative
variables (gender) on skin properties (SCT, elasticity and H2O content)
we use the Analysis of Covariance (ANCOVA).

COL1
A1

rs18000
12 MMP3

rs30250
58 ELN

rs20713
07 CAT

rs10011
79

GG (‐
1) 59% TT (‐1) 0%

GG (‐
1) 42%

AA
(-1) 6%

GT (0) 33% T- (0) 82% AG (0) 44% AG (0) 36%

TT (1) 8% ‐(-1) 18.00% AA (1) 14%
GG
(1) 6%

GPX
rs10504
50

MnSO
D2

rs17997
25 IL-1B

rs11436
34

TNF-
A

rs18006
29

CC (‐
1) 43% TT (‐1) 24%

CC (‐
1) 63%

AA (‐
1) 0%

CT (0) 50% CT (0) 51% CT (0) 32% AG (0) 12%

TT (1) 7% CC (‐1) 25% TT (1) 5%
GG (‐
1) 88%

Note: GRS score for each genotype is indicated in parenthesis.

Table 1: SNPs and variant frequencies in the sample population.

 Elasticity SCT H2O content

Elasticity / ‐0.957* 0.391*

SCT  / ‐0.493*

H2O content   /

*Values are significant at P<0.001.

Table 2: Correlation values between skin parameters.

Figure 2: ANCOVA analysis of correlation between skin aging
variables and elasticity.

Individual genetic variability, measured as GRS index, significantly
affect skin elasticity (Figure 2) and SCT (Figure 3), whereas regarding
the H2O content the P value did not quite achieve the threshold for
statistical significance (p=0.061, Figure 4). For elasticity and SCT, age is
the variable that most heavily influences skin properties (Figures 2 and
3) whereas gender (female) is significantly correlated with SCT and
H2O content (Figures 3 and 4). The impact of lifetime sun exposure
(LSE), measured using the Sun Exposure and Behavior Inventory
(SEBI), was found no significant for all the measured skin properties
(Figures 2-4).

Figure 3: ANCOVA analysis of correlation between skin aging
variables and SCT.
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Figure 4: ANCOVA analysis of correlation between skin aging
variables and H2O content.

Discussion
The aging process, as we know it today, is influenced by

environmental factors as well as genetic factors. A large number of
studies have investigated the relationship between genetic
polymorphisms and aging factors. Their results showed clearly that
most genes involved in aging process are linked to collagen turnover,
tissue structure and remodeling, hydration, inflammation and
antioxidant capacity [27]. However, it should be emphasized that most
of these studies show inconclusive correlations between the presence of
aging markers and the tested single nucleotide polymorphisms [28].

For the aging process, like to multi-factorial and polygenic diseases,
is known that single genetic polymorphism has only a modest effect
since the interaction of each gene and its polymorphism with other
ones (gene-gene interaction) and with environmental factors (gene-
environment interaction) has a crucial role in the development of the
pathology. Moreover, the diversity of ethnic background may be a
possible bias in such research. In the light of these considerations we
selected Caucasian, Italian subjects only, and we constructed a
literature based genetic risk score for skin aging with the aim to
evaluate the contribution of individual genetic variability to skin aging.

Our results clearly indicate that the risk score based on the selected
genetic markers (GRS) is significantly correlated with the variation of
elasticity and stratum corneum thickness (SCT) in our sample,
confirming the importance in skin aging of a genetic basis. Regarding
the relationship between GRS and H2O content, our analysis show that
the P value did not quite achieve the threshold for statistical
significance. Skin water content is dependent from several factors,
including dietary water inputs that positively impact normal skin
physiology, in addition genetic factors involved in skin hydration such
as acquaporin were not evaluated in this study, and this may influence
the correlation between GRS and H2O content. Scientific literature
indicated that the genetic risk score was successful in increasing
predictive power in complex diseases as cardiovascular diseases, type II
diabetes or psoriasis [14-17,29,30]. Identification of the definitive set of
SNPs for inclusion in a GRS is not the primary aim of this study,

however this pilot study was drown up with the aim to understand if
genetic risk prediction could become an important tool for the
personalization of anti-aging therapy.

Skin-aging depends on a complex crosstalk between genetic and
environmental factors, thus we have also studied the relative influence
of these factors in determining skin parameters variability. Looking at
skin properties, in our sample the results show a strong, significant
correlations between H2O content, stratum corneum thickness (SCT)
and elasticity. Skin water content is known to play an important role in
different tissue metabolic functions. It is known that hydration
modifies the mechanical properties of the skin, water content and
elasticity capacities seem to be closely related to maintaining the skin's
in vivo physiological properties. Our results show a significant positive
correlation between skin water content and elasticity as suggested by
previous studies [31]. Skin hydration has been related to skin
mechanics to justify preservation of a healthier skin, then a more
hydrated skin may promotes cellular metabolism reducing the aging
process.

Our results show that age is the variable that most heavily influences
elasticity and SCT. These data agree with the well know age effect on
skin structure. Morphological changes in skin structure during the
aging process include irreversible structural and compositional
changes in elastic fibers that progress with age, leading to a substitution
with amorphous elastin with poor functional activity [30]. The stratum
corneum thickness may change during the ageing process because
mitotic activity in the epidermis basal layer is reduced. Studies
regarding correlation between ageing and SCT showed controversial
results; Sandby‐Møller and colleagues found no correlation analyzing
biopsies taken at defined sites of forearm, shoulder and buttock, on the
contrary, Egawa et al. found a significant positive correlation between
age and SCT in forearm but not in the cheek. Finally other studies
showed an increase in the number of stratum corneum layers with age
in the cheek [32]. Our data agree with these observations, showing a
significant positive correlation between age and SCT. Finally, skin
ageing is characterized by reduction of TEWL and epidermal
hydration so the influence of skin ageing on elastic properties has been
expected.

Different factors influence the thickness of the stratum corneum,
primarily body site and gender [33]. In a recent paper Habi and
colleagues showed that female subjects have a higher average value of
hydration compared to male subjects. The authors explain the result in
terms of differences in individual's daily activity (water intake) and use
of skin care products (use of moisturizer) as well as environmental
factors. We did not include these variables in the analysis of skin
parameters, however our data indicates that gender (female) is
significantly correlated to SCT and H2O content. The progressive
decline of elastic properties of the skin is accelerated by sun-exposure
[34]. Sun-exposure has also been shown to induce a thickening of the
stratum corneum [35-38]. Our data showed no significant correlation
between LSE and variability of skin parameters. We assess the lifetime
sun exposure using the SEBI questionnaire [39]. The SEBI is a brief
self-administered questionnaire and may provide useful measures of
past and present sun exposure and current sun behavior however, as
reported by authors, self-reported questionnaires may be subject to
recall error and bias. This may explain the lack of correlation that we
observed between sun exposure and skin aging parameters variation.

Prior skin aging studies have analyzed intrinsic and extrinsic skin
aging parameters, believed to reflect genetic and environmental factors
contributing to skin aging feature [40-42]. Heritability analyses in
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twins have shown that genetic component of skin deterioration process
accounts for about 60% [3]. In recent years, research on genetic
polymorphisms indicate that Genetic Risk Scores (GRSs) allow the
composite assessment of genetic risk in complex traits. Although some
authors have expressed doubts as to whether a candidate gene
approach can ever add significantly to risk prediction, because of the
modest impact on risk, and the apparent inconsistency of effect, other
authors demonstrate that, depending on the prevalence and heritability
of the disease, few genetic variants may have a strong predictive power
[14-17,40,43,44].

Our results indicate that the use of the genetic risk score including 8
single nucleotide polymorphisms involved in aging process as
previously described in literature, could be promising to predict skin
properties evolution and address anti‐aging and skin treatment against
specific metabolic target. We included in this work few number of
genetic variants involved in metabolic processes that influence the
aging process. GWAS studies will increase, in the next future, the
knowledge of gene variant involved in the aging process, increasing the
predictive power of this approach. The combination of genetic
signature, environmental and lifestyle information may provide a
useful tool for personalized and more effective anti‐aging therapies.
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