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General introduction
FACIAL SKIN AGING

There is a social obsession with youthfulness, which is deeply rooted in many cultures. The ap-
preciation of youthfulness dates back to early Greek civilization, but especially in modern society
appearance plays an important role. Many large cosmetic and personal hygiene companies invest
astronomic amounts of money in cosmetic products focused on facial skin. In the Netherlands
alone, an estimated 400.000 injectable treatments take place yearly'. At the other end of the
scale of youthfulness, is aging. Facial aging is associated with changes in appearance as well as
with declined function of the body; it reflects a person’s general health? and emotional well-
being’. Facial aging therefore has large biological, social and medical implications. Perceived age
— the estimated age of a person — predicts survival and correlates with physical and cognitive
functioning and with leucocyte telomere length®. Shorter telomere length has been associated
with diseases related to aging and also with mortality. Thus, the importance of skin aging research
reaches further than just a youthful appearance. Furthermore, understanding skin aging will help
to unravel aging in general. Focusing on (healthy) aging can eventually result in a better under-
standing of many aging-related diseases. Besides being the largest organ of the human body, the
skin is easily accessible. It is therefore the perfect target to understand aging as it may even be
seen as a mirror of the internal organs.

There are different ways of assessing skin aging, although it is best to use a standardized ap-

proach. Below we describe main definitions of skin aging.

Intrinsic and extrinsic skin aging

Facial skin aging can be divided into intrinsic and extrinsic aging with clinical and pathophysiologi-
cal differences”. Intrinsic (or innate) aging can be regarded as the ‘biological clock’, slowly pro-
gressing independent of external factors, but programmed in the genetic build of an individual®®.
It affects the skin as it affects other organs, namely by slow, irreversible tissue degeneration.
Intrinsic aging gives rise to changes in the skin which decrease the functional capacity (decreased
epidermal turnover, barrier function, sensory perception, vitamin D production, immunosurveil-
lance, inflammatory response, thermoregulation, and mechanical protection) and thus cause skin
vulnerability’. It is characterized mainly by subtle morphologic changes, such as dry skin, fine
wrinkles, lax appearance and sagging®.

Extrinsic (or acquired) skin aging results from the impact of external factors (e.g. UV-radiation,
smoking and other yet to be discovered factors) and gives rise to more striking morphologic and
physiologic changes. Extrinsic aging is characterized by coarse wrinkles, coarseness of the skin in
general, sallow color, irregular pigmentation and telangiectasia. In an extrinsically aged skin we
see more benign, but also pre-malignant and malignant neoplasms”’. The term “photoaging”
is also used for extrinsic aging, but this reflects only aging caused by repeated sun exposure.
Examples of typically UV-related skin features are Favre Racouchot (nodular elastosis with cysts

and comedones), cutis rhomboidalis nuchae (coarse wrinkling at the back of the neck) and poiki-
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loderm of Civatte (mottled discoloration and dilated red veins, typically located on the chest and

neck area, sparing the area under the chin).

Pathophysiology of facial skin aging

Histologically, intrinsic aging is characterized by flattening of the epidermal-dermal junction and
a progressive loss of extracellular matrix (ECM) in the dermis. Increased levels of matrix metal-
loproteinases (MMPs) cause the breakdown of collagen®®, causing less firmness of the skin. Also,
hyaluronic acid synthesis is decreased, leading to a less hydrated skin and therefore a weaker
collagen network™. There is also a loss of fibroblasts (which produce collagen), melanocytes and
Langerhans cells'2. Moreover, the vascular network is reduced, so there is less supply of nutrients
and growth factors to the skin. Decreased activity of growth factor associated protein kinases
and increased activity of stress-associated kinases also lead to cell aging®. Not only the skin
itself, but also the subcutaneous tissues show age-related changes. For example changes in the
superficial muscular aponeurotic system (SMAS), loss or redistribution of fat compartments and
bone resorption can ultimately lead to sagging of the skin, along with gravity™.

Damaging environmental exposures cause the generation of reactive oxygen species (ROS)™.
ROS cause direct deleterious effects on DNA and proteins, leading to the activation of MMPs and
thus degenerative changes in the ECM (resulting in coarse wrinkling), superficial vessels (result-
ing in telangiectasia) and melanocytes (resulting in pigmented spots)™. In photodamaged skin,
histology shows damaged collagen and dermal elastosis; the deposition of non-functional elastic
material in upper dermis. There is an abnormal maturation of keratinocytes in the epidermis and
often inflammatory cells are present due to activation of cytokines and growth factor receptors

(e.g. epidermal growth factor (EGF), interleukin (IL) 1, tumor necrosis factor-alpha (TNF-a))™.

SKIN AGING PHENOTYPES FOR EPIDEMIOLOGICAL RESEARCH

Skin aging seems a fairly straightforward endpoint, but it is actually quite complex. It is an um-
brella under which many different processes take place and a concept which can be defined in
many different ways. For example, skin aging can be divided into intrinsic vs. extrinsic aging. There
are distinctive characteristics between intrinsic and extrinsic aging, but in practice it is difficult to
separate these two in UV-exposed areas such as the face. The combined effects of both intrinsic
and extrinsic facial aging result in a wide range of observable physical characteristics, which can
be divided into four major phenotypes: wrinkles, pigmented spots, telangiectasia and sagging.
Wrinkling is undoubtedly the most notable feature. However, all of them have an important place

in the aging face.
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General introduction
SKIN AGING MEASUREMENTS

As mentioned above, skin aging is difficult to define and therefore measuring it is challenging as
well. Many different assessments have been used in literature to investigate skin aging; most are
manual photonumeric scales and consider skin aging as a compound phenotype consisting of
wrinkles, pigmented spots, telangiectasia, and sagging together'”**. There are scarce examples of
scales focusing only on one phenotype, including one for pigmented spots® and a skin aging atlas
with photonumeric severity scales for winkles and sagging per facial site.

Another way of grading skin aging is by differentiating between intrinsic and extrinsic factors®*2.
For this, the skin aging score “SCINEXA” was developed, comprising 5 items indicative of intrinsic
and 18 items indicative of extrinsic skin aging®. These items were used to define an index allowing
to quantify intrinsic versus extrinsic skin aging.

These manual photonumeric scales however, are based on subject experience and therefore
prone to bias. In addition, skin aging is a continuous process, rather than a categorical one.

Digital scales have also been described. In wrinkle measurement, three-dimensional (3D) skin

22,23 24,25

replicas®~, as well as in-vivo skin surfaces™ =, were mapped using light reflection to measure

wrinkle severity on a continuous scale. In pigmented spots measurement, the affected facial area

26-28

can be assessed by measuring color differences of the skin and the spots™ . For sagging and
telangiectasia no digital scales have yet been composed.

Another approach to investigate skin aging is by using the term perceived age: how old a person
looks — as opposed to chronological age. Besides being socially relevant, perceived age has been

29-31

shown to be associated with mortality, independent of chronological age”™". Thus, it may be a

relevant biomarker of aging.

EPIDEMIOLOGY OF FACIAL SKIN AGING

Lifestyle and physiological determinants

The four different phenotypes are associated with slightly different risk factors (Table 1). Wrinkling
is the best studied phenotype of the four. Smoking and ultraviolet (UV) radiation are the most well

23 High body mass index (BMI) accounts for less wrinkles®**, most probably

known risk factors
because facial fat has an expanding/filler effect on the skin. Other determinants that have been
linked to wrinkles include education®, alcohol®® and female sex-steroids®” but these findings are
controversial as they have not all been replicated consistently in other studies. Less studies than

for wrinkling investigated risk factors for pigmented spots. Most of them found age, cumulative

20,38-40 20,38

UV-exposure , and skin color as important determinants. In addition, in a cross-sectional
study of a middle-aged white population (N=623), insulin-like growth factor (IGF-1), diagnosis of
diabetes and hypertension were independently associated with facial pigmented spots™. These

results are yet to be replicated in other studies.
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Table 1. Common risk factors for skin aging (numbers in brackets are the references)

Risk factor Wrinkles Pigmented spots Telangiectasia Sagging
Male sex (33, 35) (35, 39) (33,35, 42) (43)
Skin color (33) (20, 33, 38) (33) (43)
Smoking (32,33) (20) (33,41, 42)

uv (32,33) (20, 38-40) (42)

Low BMI (34)

High BMI (43)
Education (35)

Alcohol (36)

Female sex steroids (37)

Only few studies have specifically focused on telangiectasia. In one cross-sectional study of
1,400 subjects (aged 20-54 years), this phenotype has been associated with increasing age,
male sex, fair skin, smoking and mainly outdoor occupations®. Smoking has repeatedly been

142 | iterature on the phenotype sagging is very scarce. A study on

associated with telangiectasia
sagging eyelids (which presumably has the same etiology and thus risk factors as sagging of the
whole face) showed that male sex, lighter skin color, and higher body mass index were important

determinants®.

Genetics

Knowledge of the genetic risk factors of skin aging is quite scarce and genetic research investigat-
ing separate skin aging phenotypes even more so. One genome-wide association study (GWAS)
investigated SNPs in relation to photoaging (composed of wrinkling, sagging and pigmented
spots severity) in 500 French women. However, this study was too small to find genes for such a
heterogeneous phenotype as photoaging; their hit only just reached the significance threshold,
without replication®. Another small GWAS (N=428) investigating skin youthfulness in Ashkenazi
jews* showed different hits which also were not all replicated.

Several skin aging studies have identified the melanocortin 1 receptor gene (MC1R) to associate
with skin aging, perceived age and pigmented spots as a separate feature of skin aging®*®. The
MCIR gene is well known as “the red hair color” gene and is also important in defining freckles
and a light skin color. Other genetic variants associated with (features of) skin aging are scarce and

#4347 This is surprising, as wrinkle variation has been shown to

have not been replicated (Table 2)
be a heritable trait, with a heritability of up to 55%". For pigmented spots, candidate gene studies
have been performed; gene variants in the pigmentation genes SLC45A2 in Asians® and MCIR in
Europeans™ have been found to be associated with the presence of pigmented spots. To date,

there have not been any studies on the genetics of telangiectasia.

Erasmus University Rotterdam Za‘{uu.g



General introduction = 7

Table 2. Suggestive SNPs from GWAS of skin aging

SNP Chromosome Position” Gene** Published P-value Associated phenotype
rs7616661° 3 5965543 EDEM1 4.8x10® Photoaging
rs6975107° 7 120380907 KCND2 4.2x10° Photoaging
rs11863929° 16 88304433 ZNF469 1.8x10°® Photoaging
rs322458"° 3 120585315 STXBP5L 1.5x10% Photoaging
rs11876749° 18 3942902 TGIF1 1.7x10°® Sagging eyelids
rs185146° 5 33952106 SLC45A2 4.1x10° Microtopography score
rs12203592° 6 396321 IRF4 8.8x10™" Microtopography score
rs4268748° 16 90026512 MCIR 1.2x10™" Microtopography score
rs1805007¢ 16 89986117 MCIR 1.2x10™ Microtopography score
rs1805008" 16 89986144 MCIR 1.1x10° Microtopography score

Abbreviation: SNP, single-nucleotide polymorphism.

*based on GRCh37/hg19; **relationship of SNP with gene: either in, near, or in linkage disequilibrium.

SNPs found by Chang et al*; ®SNPs found by Le Clerc et al*; “SNP found by Jacobs et al for sagging eyelids®; “SNPs
found bij Law et al in a genome-wide meta-analysis for microtopography score of the back of the hand®’.

For sagging eyelids, heritability was estimated to be 61%*. A GWAS showed one genome-wide
significant hit; this variant is located close to TGIF1 (an inducer of transforming growth factor R,

which is a known gene associated with skin aging)®.

AIMS OF THIS THESIS

Most previous skin aging studies were not population based and used suboptimal measures of
skin aging. As presented above, facial skin aging is a complex concept acted upon by multiple
lifestyle and physiological factors. Many different phenotypes have been used to investigate risk
factors associated with skin aging. However, in observational studies, it is important to use pheno-
types that are relatively easy to measure accurately in large groups. Measurements derived from
digital photographs are solid phenotypes because of their objectivity and easy implementation
for epidemiological and genetic skin aging studies.

Given the complexity of facial aging, we decided to investigate determinants for different
features of skin aging instead of focusing on a single phenotype. In this thesis, | have investigated
wrinkles, pigmented spots and telangiectasia, using digital grading. In addition, the phenotype
perceived age was studied. Sagging reflects mainly subcutaneous changes and has proved dif-

ficult to grade, therefore this feature was not added. The following topics are described:
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PART | — VALIDATION

Since a new digital method for quantifying different skin aging subtypes was used, validation of
the methods was necessary. In Chapter 2, we performed a validation study for the measurements

used to quantify the different skin aging phenotypes.

PART Il — WRINKLES

Wrinkles are the largest and most important subtype of skin aging. In the second part of this the-
sis, we investigated main determinants for wrinkles as assessed within the Rotterdam Study (RS).
In Chapter 3, we investigated main epidemiological determinants of facial wrinkling. In Chapter
4, we studied genetic factors of facial wrinkling in the RS and the Leiden Longevity Study (LLS).

PART Ill — OTHER SKIN AGING PHENOTYPES

As mentioned above, other phenotypes associated with skin aging were also available, includ-
ing pigmented spots, telangiectasia and perceived age. As of today, not much is revealed about
these features. Therefore, we aimed to define genetic determinants of pigmented spots in the
RS (Chapter 5), epidemiological factors of telangiectasia in the RS and the SALIA cohort (Chapter
6), and genetic factors of perceived age in the RS, the LLS and TwinsUK (Chapter 7). In Chapter 8,
we investigated the relationship between vitamin D and skin aging in the RS and LLS. Finally, in
Chapter 9, we investigated the relationships between the different features of skin aging using

principal component analysis.

STUDY DESIGN

We performed epidemiological and genetic studies using data from the RS, a large population-
based cohort study in which genotypes and many different phenotypes are prospectively col-
lected®". Fully standardized 3D photographs of the face have been derived from the facial photos
to assess the different skin aging phenotypes. For replication purposes, we also used data from
other cohorts: Leiden Longevity Study (a family-based study), TwinsUK (a nation-wide twin regis-
try), and SALIA (middle-aged women from the urban Ruhr area and two rural northern counties

in Germany).

FUNDING

The studies in this thesis were funded by Unilever. The Rotterdam Study is funded by the Erasmus
Medical Center and Erasmus University Rotterdam; the Netherlands Organization for the Health
Research and Development (ZonMw); the Research Institute for Diseases in the Elderly (RIDE);

the Ministry of Education, Culture and Science; the Ministry of Health, Welfare and Sports; and
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the European Commission (DG Xll). The generation and management of GWAS genotype data for
the Rotterdam Study is supported by the Netherlands Organization of Scientific Research NWO
Investments (nr. 175.010.2005.011, 911-03-012). Although no products were tested, it is possible
that this thesis could promote products that reduce the appearance of wrinkles, which could lead

to financial gain for Unilever.
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