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Cosmetic dermatology is a rapidly grow-
ing field that can attribute its popularity
to aging baby boomers. Although many
dermatologists perform cosmetic proce-
dures and millions of dollars are spent
each year on cosmetic products, there is a
paucity of published research in this field.
I was stimulated to write this text
because I have found it challenging to
conduct thorough research in preparation
for my lectures and articles on cosmetic
science as there exists no undisputed ref-
erence at the moment. Of the research
petformed by cosmetic scientists, much
of it, unfortunately, is proprietary infor-
mation owned by corporations and is not
published or shared in any way for the
immediate benefit of the medical com-
munity and other cosmetic professionals.
This results in each company or cosmetic
scientist having to “reinvent the wheel.”
My goal, with this book, is to create a
link, featuring a better streaming flow of
information, between the fields of der-
matology and cosmetic science. This text
is designed to help cosmetic dermatolo-
gists understand the available informa-
tion on various cosmetic products and
procedures. It should also help cosmetic
chemists to understand the issues that
cosmetic dermatologists deal with on a
frequent basis. In addition, this text
should fill the gap in knowledge among
professionals such as aestheticians who
need to know what to apply to patients’
or clients’ skin and about the products
that people purchase over-the-counter
and apply to their skin. This text should
help these professionals answer the ques-
tions that their clients/patients ask about
skin care products and their scientific
validity. It is my hope that this text will
encourage cosmetic dermatologists, cos-
metic scientists and aestheticians to insist
upon well researched cosmetic products

PREFACE

and procedures. By working together in
this way we can preserve the integrity of
an exciting and rapidly developing field
of study.

Research in the field of cosmetic der-
matology should be encouraged for
many reasons. Obviously, it is vital to
maintain the hard earned integrity of the
field of dermatology. In addition, the dis-
coveries made though cosmetic derma-
tology research will likely benefit other
fields of dermatology. For example,
research into the anti-aging effects of
antioxidants may lead to enhanced
knowledge of chemopreventive tech-
niques to be used to prevent skin cancer.
Advances in acne therapy, vitiligo and
other disorders of pigmentation are also
possible. In fact, it is interesting to note
that the development of Vaniqa™, a
cream designed to slow hair growth in
women with facial hair, has led to the
availability of an intravenous treatment
for African Sleeping Sickness, a major
cause of death in Africa. Without the
financial incentive to develop Vaniqa,
which is used for purely aesthetic pur-
poses, this life-saving drug would not be
available. For many reasons, all pharma-
ceutical, medical device, and cosmetic
companies should be encouraged to
research their products.

Although there is much research per-
formed by cosmetic companies on the
effects of cosmetics on the skin, much of
this data is proprietary and is not pub-
lished nor shared with the rest of the sci-
entific community. The reasons for this
are numerous, but competition between
companies and the desire to be the first
to come out with a new “miracle prod-
uct” are prominent among them.
However, the issue is even more com-
plex. The FDA has different definitions
for drugs and cosmetics. Cosmetic prod-

ucts do not have to be researched in any
standard way because FDA approval is
not required. Instead, cosmetic products
are voluntarily registered by the compa-
nies that develop them. However, drugs
must undergo years of expensive trials
establishing both safety and efficacy
before receiving FDA approval (see
Ch 28). This disparity means that a com-
pany is more reluctant to publish data
that could cause their product to be
labeled as a drug.

The dearth of published data on cos-
metic products has forced physicians,
aestheticians, and lay people to rely on
sales people and marketing departments
to obtain information about cosmetic
formulations. This has led to much mis-
information that has diminished the
credibility of cosmetic products and the
cosmetic field in general. Because an
ever-increasing number of dermatolo-
gists and other physicians are practicing
“cosmetic dermatology,” it is imperative
that the cosmetic dermatologist practice
evidence-based medicine in order to dis-
tinguish efficacious treatments from
mere marketing hype. This text sifts
through the knowledge of the effects
cosmetic products and procedures have
on the skin and its appearance. The
amount of research that should still be
performed is daunting; however, the
field is young and the rewards are great.
[ encourage everyone to join me in the
exciting endeavor to find scientifically
proven methods of improving the
appearance of the skin.

Leslie Baumann, MID

“Don’t worry if your job is small,
And your rewards are few.
Remember that the mighty oak,
Was once a nut like you.”
Anonymous
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The first edition of this book was
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selling textbook on cosmetic dermatol-
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There are many people to thank for this
and the many wonderful things that
have occurred in the last 6 years. First [
would like to thank Dr. Stephen Mandy
who took me in as a newly graduated
resident in 1997, and let me and my hus-
band live with him for two weeks while
he taught me about the newly emerging
field of cosmetic dermatology. (I learned
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thanked in the first edition but I will
never be able to thank them enough for
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create the Cosmetic Medicine and
Research Institute (CMRI), which con-
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CHAPTER 1

Basic Science of the
Epidermis

Leslie Baumann, MD
Sogol Saghari, MD

The skin is composed of three primary
layers: epidermis, dermis, and subcuta-
neous tissue. Each layer possesses
specific characteristics and functions.
Although research regarding skin layers
continues, much is already known about
the structure of each component. New
discoveries about these components
have already led to prenatal diagnoses
of many inherited diseases and to
improved therapies. In the future, study
of these components will likely lead to
an enhanced understanding of skin
aging and the effects of topical products
on the biologic function of the skin.
The epidermis is the most superficial
layer of the skin. It is very important
from a cosmetic standpoint, because it is
this layer that gives the skin its texture
and moisture, and contributes to skin
color. If the surface of the epidermis is
dry or rough, the skin appears aged.
Knowledge of the basic structure of the
epidermis best enables a practitioner to
improve the appearance of patients’ skin.

. THE KERATINOCYTE

Keratinocytes, also known as corneo-
cytes, are the cells that comprise the
majority of the epidermis. Keratin fila-
ments are major components of the
keratinocytes, and provide structural
support. There are two types of keratin
filaments: acidic (type I, K10-20) and
basic (type II, K 1-10). They both must
be expressed for a keratin filament to

Keratohyaline
granule

Desmosome ——

DERMIS

A FIGURE 1-1 The layers of the epidermis.

develop.! In other words, an acidic type
and a basic type are always expressed
together and they form a keratin fila-
ment together. Keratinocytes are “born”
at the base of the epidermis at the der-
mal-epidermal junction (DE]). They are
produced by stem cells, which are also
called basal cells because they reside at
the base, basal layer, of the epidermis.
When the stem cells divide, they create
“daughter cells,” which slowly migrate
to the top of the epidermis. This process
of daughter cells maturing and moving
to the top is called keratinization.

As these cells progress through the
epidermis and mature, they develop dif-
ferent characteristics. The layers of the
epidermis are named for these character-
istic traits. For example, as mentioned,
the first layer is the basal layer because it
is located at the base of the epidermis.
Basal cells are cuboidal in shape. The
next layer is referred to as the spinous
layer because the cells in this layer have
prominent, spiny attachments called
desmosomes. Desmosomes are complex
structures composed of adhesion mole-
cules and other proteins and are integral
in cell adhesion and cell transport. The
next layer is the granular layer, named so
because these cells contain visible kera-
tohyaline granules. The last, outermost
layer is the stratum corneum (SC), a con-
densed mass of cells that have lost their
nuclei and granules (Figs. 1-1 and Fig.
1-2). The SC is covered by a protein
material called the cell envelope, which
aids in providing a barrier to water loss
and absorption of unwanted materials.

As keratinocytes migrate through the
layers of the epidermis, their contents
and functions change according to, or
depending on, the specific epidermal
layer in which they are moving. Although
the functions of the keratinocyte have
not been completely elucidated, many
of them are understood. It is known

Desquamating cell
- q ¢}
— Stratum corneum

— Granular layer

—— Spinous layer

Basal layer

— Stratum
corneum

Keratohyaline — — Granular
granules layer

— Spinous

Desmosomes — layer

—Basal
layer

—Dermis

A FIGURE 1-2 Histopathology of the epidermis
demonstrating the four layers. (Image courtesy of
George loannides, MD.)

that keratinocyte activity, such as the
release of cytokines, can be affected by
topical products administered to the
skin. Keratinocytes and their compo-
nents at each level of the epidermis
starting at the basal layer and proceed-
ing to the superficial layers of the epi-
dermis are described below.

Keratinocyte Function

THE BASAL LAYER (STRATUM BASALE)
Basal cells join with other basal and the
overlying spinous cells via desmosomes,
thus forming the basement membrane.
These basal keratinocytes contain ker-
atins 5 and 14, mutations in which result
in an inherited disease called epidermoly-
sis bullosa simplex. Keratins 5 and 14 are
presumed to establish a cytoskeleton that
permits flexibility of the cells. This flexi-
bility allows cells to proceed out of the
basal layer and migrate superficially, thus
undergoing the keratinization process.

Basal cells are responsible for maintain-
ing the epidermis by continually renewing
the cell population. Of the basal layer,
10% of cells are stem cells, 50% are
amplifying cells, and 40% are postmitotic
cells. Normally, stem cells are slowly
dividing cells, but under certain conditions
such as wound healing or exposure to
growth factors, they divide faster. They
give rise to transient amplifying cells.
Transient amplifying cells are responsible
for most of the cell division in the basal
layer and produce postmitotic cells, which
undergo terminal differentiation and
move supetficially to become suprabasal
cells that continue their upward migration
to become granular cells and ultimately
part of the SC (Fig. 1-3).

THE SPINOUS LAYER (STRATUM SPINOSUM)
Keratins 1 and 10 are first seen in this
layer of suprabasal keratinocytes. These
keratins form a more rigid cytoskeleton
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A FIGURE 1-3 The stem cells divide and produce amplifying cells that greatly increase the number of
keratinocytes. These in turn become the mature, terminal, and differentiated cells. The numbers indicate

the cell generation.

that confers greater mechanical strength
to the cell. It is worth mentioning that
under hyperproliferative conditions such
as actinic keratosis, wound healing, and
psoriasis, keratins 6 and 16 are upregu-
lated in the suprabasal keratinocytes.

Lamellar granules, which are consid-
ered the first sign of keratinization, first
appear in this layer. They contain lipids
such as ceramides, cholesterol, and fatty
acids as well as enzymes such as pro-
teases, acid phosphatase, lipases, and
glycosidases. It has been recently shown
that cathelicidin, an antimicrobial
peptide, is also stored in the lamellar
granules.? These granules migrate to the
surface and expel their contents by exo-
cytosis. The released lipids coat the sut-
face, imparting barrier-like properties.
Desmosomes are very prominent in this
layer, thus accounting for the name
“spinous layer.”

The advanced stage of differentiation
of suprabasal keratinocytes is conducive
to staining for products not found on
basal cells (i.e., sugar complexes and
blood group antigens). The cytoplasm
contains proteins not found in the lower
layers such as involucrin, keratolinin,
and loricrin. These proteins become
cross-linked in the SC to confer strength
to the layer.

THE GRANULAR LAYER (STRATUM GRANULO-
SUM) Granular layer keratinocytes reside
in the uppermost viable layer of the epi-

dermis. The “granules” represent kerato-
hyaline granules, which contain profilag-
grin, the precursor to filaggrin. The pro-
tein filaggrin cross-links keratin filaments
providing strength and structure. The pro-
teins of the cornified cell envelope
(involucrin, keratolinin, pancornulins, and
loricrin) are cross-linked in this layer by
the calcium-requiring enzyme transgluta-
minase (T Gase) to form the cell envelope.
There are four types of transglutaminases
present in the epidermis: TGase 1 or ker-
atinocyte TGase, TGase 2 or tissue
TGase, TGase 3 or epidermal TGase, and
TGase 5. Only TGases 1, 8, and 5 partici-
pate in the development of the comeo-
cyte envelope (CE) formation. TGase 2
has other functions including a role in
apoptosis (programmed cell death). It is
known that TGase activity increases with

BOX 1-1

the elevation of Ca®* levels in the
medium of cultured keratinocytes.® This
in turn results in the formation of the
cornified cell envelope and differentia-
tion of keratinocytes.*> The active
metabolite of vitamin D, known as 1,25-
dihydroxyvitamin D3 [1,25(OH),D3],
also plays a role in keratinocyte differenti-
ation (Box 1-1). It enhances the
Ca?* effect on the keratinocytes,
and increases transglutaminase activity as
well as involucrin levels,’ the combined
effects of which induce CE formation.”®
Calcium is known to be an inducer of
differentiation and a suppressor of prolif-
eration in epidermal keratinocytes.”!’ It
has been shown that in the state of low
Ca” levels (0.05 mM), keratinocytes are in
a proliferative stage, while increases in
Ca** levels (0.10-0.16 mM) lead to expres-
sion of differentiation markers such as ker-
atins 1 and 10, TGase, and filaggrin.’
Granular cells exhibit anabolic proper-
ties such as synthesis of filaggrin, corni-
fied cell envelope proteins, and high
molecular weight keratins. In addition,
they show catabolic events such as dis-
solution of the nucleus and organelles.

THE HORNY LAYER (SC) The most superfi-
cial layer of the epidermis is the SC or
horny layer, which is, on average,
approximately 15-cell layers thick.!®!*
The keratinocytes that reside in this
layer are the most mature and have com-
pleted the keratinization process. These
keratinocytes contain no organelles and
their arrangement resembles a brick
wall. The SC is composed of protein-rich
corneocytes embedded in a bilayer lipid
matrix assembled in a “brick and mortar”
fashion. The “bricks” are composed of
keratinocytes and the “mortar” is made
up of the contents extruded from the
lamellar granules including lipids and
proteins (Fig. 1-4). Cells of the midcorni-
fied layer have the most amino acid con-
tent and therefore have the highest capa-
bility for binding to water, while the

1,25-Dihydroxyvitamin D5 [1,25(0H),D4] stimulates differentiation and prohibits proliferation of
the keratinocytes. It exerts its effects via the nuclear hormone receptor known as vitamin D
receptor (VDR). VDR operates with the aid of coactivator complexes. There are two known coacti-
vator complexes: vitamin D interacting protein complex (DRIP) and the p160 steroid receptor
coactivator family (SRC/p160). It has been proposed that the DRIP mediator complex is involved
in proliferation and early differentiation while the SRC/p160 complex is engaged in advanced dif-
ferentiation."" The vitamin D receptors of undifferentiated keratinocytes bind to the DRIP com-
plex, inducing early differentiation markers of K1 and K10."? The DRIP complex on the vitamin D
receptor is then replaced by the SRC complex. The SRC complex induces gene transcription for
advanced differentiation, which occurs with filaggrin and loricrin.' The replacement of the DRIP
complex with the SRC complex on the vitamin D receptor is believed to be necessary for ker-
atinocyte differentiation. It is important to realize that vitamin D levels are lower in older people
and that this reduction may play a role in the slower wound healing characteristic in the elderly.
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A FIGURE 1-4 The desmosomes form attachments between the keratinocytes. The keratinocytes are
surrounded by lipids. These structures form the skin barrier.

deeper layers have less water-binding
capacity.”” The SC is described as the
“dead layer” of cells because these cells
do not exhibit protein synthesis and are
unresponsive to cellular signaling.'®

The horny layer functions as a protec-
tive barrier. One of its protective func-
tions is to prevent transepidermal water
loss (TEWL). Amino acids and their
metabolites, which are by-products
formed from the breakdown of filaggrin,
comprise a substance known as the
natural moisturizing factor (NMF).
Intracellularly-located NMF and lipids
released by the lamellar granules,
located extracellularly, play an impor-
tant role in skin hydration, suppleness,
and flexibility (see Chapter 11).

The Cell Cycle

The above keratinization process is also
referred to as the “cell cycle.” The normal
cell cycle of the epidermis is from 26 to 42
days.”” This series of events, known also
as desquamation, normally occurs invisi-
bly with shedding of individual cells or
small clumps of cells. Disturbances of this
process may result in the accumulation of
partially detached keratinocytes, which
cause the clinical findings of dry skin.
Disease states may also alter the cell
cycle. For example, psoriasis causes a dra-
matic shortening of the cell cycle, result-
ing in the formation of crusty cutaneous
eruptions. The cell cycle lengthens in time
as humans age.’® This means that the
cells at the superficial layer of the SC are
older and their function may be impaired.
Results from such compromised function-
ing include slower wound healing and a
skin appearance that is dull and lifeless.
Many cosmetic products such as retinol
and alpha hydroxy acids are believed to

quicken the pace of the cell cycle, yielding
younger keratinocytes at the superficial
layers of the SC, thus imparting a more
youthful appearance to the skin.

. GROWTH FACTORS

Growth factors can be classified into
two groups: proliferative and differen-
tiative factors. Proliferative factors
engender more DNA synthesis and
result in proliferation of the cells.
Differentiative factors inhibit the pro-
duction of DNA and suppress growth,
thereby resulting in differentiation of
the keratinocytes. Epidermal growth
factor (EGF) is one of the integral
chemokines in the regulation of growth
in human cells. It binds to the epidermal
growth factor receptor (EGFR) located
on the basal and suprabasal cells in the
epidermis and activates tyrosine kinase
activity, which ultimately results in pro-
liferation of the cells."” Keratinocyte
growth factor (KGF), a member of the
fibroblast growth factor family, also has
a proliferative effect via the tyrosine
kinase receptor on epidermal cells.”” It
has been shown that KGF contributes to
and enhances wound healing.?! In addi-
tion, KGF has been demonstrated
to enhance hyaluronan synthesis in
the keratinocytes.”” Other important
growth factors include the polypeptide
transforming growth factors, which
consist of two types: Transforming
growth factor alpha (TGF-a) and trans-
forming growth factor beta (TGEF-B).
They differ in both configuration and
function. TGF-a is a proliferative factor,
similar to EGF, and works by stimulating
a tyrosine kinase response. TGE-f3,
which includes three subtypes (1-3), is
a differentiative factor with a serine/

threonine kinase receptor. TGF-B1 and
TGF-B2 are present in small amounts in
the keratinocytes. The presence of
calcium, phorbol esters, as well as
TGE-B itself increases the epidermal
TGEF-B level and promotes differentia-
tion.”® TGF-B has also been proven to
have a role in scarring, and antibodies to
this factor have been shown to decrease
the inflammatory response in wounds
and reduce scarring.?4 2

. ANTIMICROBIAL PEPTIDES

Antimicrobial peptides (AMPs) have
recently become an area of interest
because of their involvement in the innate
immune system of human skin. AMPs
exhibit broad-spectrum activity against
bacteria, viruses, and fungi.’®” The
cationic peptide of the AMPs attracts the
negatively charged bacteria, becoming
pervasive in the bacterial membrane in
the process, and ultimately eliminates the
bacteria. Cathelicidin and defensin are the
two major groups of AMPs believed to
have an influence in the antimicrobial
defense of the skin. Cathelicidin has been
identified in the keratinocytes of human
skin at the area of inflammation, as well
as in eccrine and salivary glands.®*’ In
addition to antimicrobial activity, catheli-
cidin LL-87 demonstrates a stimulatory
effect on keratinocyte proliferation in the
process of wound healing.” Pig catheli-
cidin PR-39 has been shown to induce
proteoglycans production (specifically,
syndecan-1 and -4) in the extracellular
matrix in wound repair.*’ Defensin is also
expressed in the human keratinocytes®
and mucous membranes.3**® B-Defensin
1 seems to promote differentiation in the
keratinocytes by increasing expression of
keratin 10.%¢ Interestingly, UVB radiation
has been shown to increase the levels of
human B-defensin mRNA in the ker-
atinocytes.”’

AMPs have been demonstrated to be
involved in several dermatologic condi-
tions including atopic dermatitis, psoria-
sis, and leprosy,” as well as wound heal-
ing, all of which are beyond the scope of
our discussion. The role of AMPs in the
epidermal barrier will be discussed in
Chapter 11.

. MOISTURIZATION OF THE SC

The main function of the SC is to
prevent TEWL and regulate the water
balance in the skin. The two major com-
ponents that allow the SC to perform
this role are lipids and the NME.
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BOX 1-2

Filaggrin, named for filament aggregating
protein, derived its name from the fact that it
binds keratin filaments to form a structural
matrix in the SC. Genetic defects in the filag-
grin gene are known to play a role in a sub-
set of ichthyosis vulgaris cases.*®
Interestingly, filaggrin is not present in the
superficial layers of the SC. Studies have
shown that it is completely degraded into
amino acids within 2 to 3 days of profilaggrin
formation and its constituents are further
metabolized to form the NMF.*° This is
nature’s way of keeping its water-binding
capabilities in the top layer of the SC where
they are needed while preventing the lower
layers of the SC from being disrupted by
having too much water present. In addition,
the level of NMF is regulated by the water
activity present in the SC.

Natural Moisturizing Factor

Released by the lamellar granules, NMF
is composed of amino acids and their
metabolites, which are by-products
formed from the breakdown of filaggrin
(Box 1-2). NMF is found exclusively
inside the cells of the SC and gives the
SC its humectant (water-binding) quali-
ties (Fig. 1-5). NMF is composed of very
water-soluble chemicals; therefore, it
can absorb large amounts of water, even
when humidity levels are low. This
allows the SC to retain a high water con-
tent even in a dry environment. The
NME also provides an important aque-
ous environment for enzymes that
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require such conditions to function. The
importance of NMF is clear when one
notes that ichthyosis vulgaris patients,
who have been shown to lack NMF,
manifest severe dryness, and scaling of
the skin.*® It has been demonstrated that
normal skin exposed to normal soap
washing has significantly lower levels of
NMF when compared to normal skin
not washed with surfactants.** NMF lev-
els have also been reported to decline
with age, which may contribute to the
increased incidence of dry skin in the
elderly population (see Chapter 11).

Lipids

In order of abundance, the composition
of skin surface lipids includes triglyc-
erides, fatty acids, squalene, wax esters,
diglycerides, cholesterol esters, and cho-
lesterol.*! These lipids are an integral part
of the epidermis and are involved in pre-
venting TEWL and the entry of harmful
bacteria. They also help prevent the skin
from absorbing water-soluble agents. For
decades it has been known that the
absence of lipids in the diet leads to
unhealthy skin (see Chapter 11). More
recently, it has been shown that inherited
defects in lipid metabolism, such as the
deficiency of steroid sulfatase seen in X-
linked ichthyosis, will lead to abnormal
skin keratinization and hydration.*” It is
now known that SC lipids are affected by
age, genetics, seasonal variation, and diet.
Deficiency of these lipids predisposes the
individual to dry skin. This has been
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A FIGURE 1-5 The keratinocytes are embedded in a lipid matrix that resembles bricks and mortar.
Natural moisturizing factor (NMF) is present within the keratinocytes. NMF and the lipid bilayer prevent

dehydration of the epidermis.

demonstrated in mice with essential fatty
acid deficiency (EFAD); when fed a diet
deficient in linoleic acid these mice devel-
oped increased TEWL.”® Interestingly,
administration of hypocholesterolemic
drugs has also been associated with dry
skin changes.*

Skin lipids are produced in and
extruded from lamellar granules as
described above or are synthesized in
the sebaceous glands and then excreted
to the skin’s surface through the hair
follicle. The excretion of sebum by seba-
ceous glands is hormonally controlled
(see Chapter 10). Lipids help keep the
NMEF inside the cells where it is needed
to keep cells hydrated and aqueous
enzymes functioning. Although this is
less well characterized, lipids can them-
selves influence enzyme function.

. ROLE OF LIPIDS IN TEWL

The major lipids found in the SC that con-
tribute to the water permeability barrier
are ceramides, cholesterol, and fatty acids.
Since the 1940s, when the SC was
first identified as the primary barrier to
water loss, many hypotheses have been
entertained as to exactly which lipids
are important in the SC. The research
with the EFAD mice described above led
to a focus on phospholipids because
they contain linoleic acid. However, it
was later found that phospholipids are
almost completely absent from the SC.*°
In 1982, ceramide 1 was discovered.
This lipid compound is rich in linoleic
acid and is believed to play a major role
in structuring SC lipids essential for bar-
rier function.® Later, five more distinct
types of ceramides were discovered and
named according to the polarity of the
molecule. Ceramide 1 is the most non-
polar and ceramide 6 is the most polar.
Although the ceramides were once
thought to be the key to skin moisturiza-
tion, studies now suggest that no particu-
lar lipid is more important than the oth-
ers. It appears that the proportion of fatty
acids, ceramides, and cholesterol is the
most important parameter. This was
demonstrated in a study in which after
altering the water barrier with acetone,
the application of a combination of
ceramides, fatty acids, and cholesterol
resulted in normal barrier recovery.*s
Application of each of the separate enti-
ties alone resulted in delayed barrier
recovery. Manufacturers now include
ceramides or a mixture of ceramides, cho-
lesterol, and fatty acids in several avail-
able products as a result of these findings.
However, the use of these mixtures to



treat atopic dermatitis and other ichthy-
otic disorders has been disappointing.

B summARy

The epidermis is implicated in many of
the skin complaints of cosmetic patients.
It is the state of the epidermis that
causes the skin to feel rough and appear
dull. A flexible, well-hydrated epidermis
is more supple and radiant than a dehy-
drated epidermis. The popularity of buff
puffs, exfoliating scrubs, masks, mois-
turizers, chemical peels, and microder-
mabrasion attest to the obsession that
cosmetic patients have with the condi-
tion of their epidermis. It is important to
understand the properties of the epider-
mis in order to understand which cos-

metic products and procedures can truly
benefit patients as opposed to those that
are based on myths or hype.
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CHAPTER 2

Basic Science of
the Dermis

Leslie Baumann, MD
Sogol Saghari, MD

The dermis lies between the epidermis
and the subcutaneous fat. It is responsible
for the thickness of the skin, and as a
result plays a key role in the cosmetic
appearance of the skin. The thickness of
the dermis varies over different parts of
the body and the size doubles between
the ages of 3 and 7 years and again at
puberty. With aging, this basic layer
decreases in thickness and moisture. The
dermis, which is laden with nerves, blood
vessels, and sweat glands, consists mostly
of collagen. The uppermost portion of
this layer, which lies beneath the epider-
mis, is known as the papillary dermis and
the lower portion is known as the reticu-
lar dermis. Smaller collagen bundles,
greater cellularity, and a higher density in
its vascular elements characterize the
papillary dermis as compared to the retic-
ular dermis. Fibroblasts are the primary
cell type in the dermis. They produce
collagen, elastin, other matrix proteins,
and enzymes such as collagenase and
stromelysin. These structural compo-
nents will be discussed individually
because each exhibits significant charac-
teristics that influence the function of the
skin. Immune cells such as mast cells,
polymorphonuclear leukocytes, lympho-
cytes, and macrophages are also present
in the dermis.

The junction between the epidermis
and dermis is known as the dermal-
epidermal junction (DEJ) (Fig. 2-1). Much

Q

A FIGURE 2-2 Collagen is formed when three chains come together to form a triple helix.

is known about the attachment proteins
found in the basement membrane of the
DEJ. At this point there are no known
cosmetic implications for this area, as
such a discussion is beyond the scope of
this book. Instead, this chapter will
focus on the components of the dermis
that are known to be important in aging.

B coLLAGEN

Collagen, one of the strongest natural
proteins and the most abundant one in
humans as well as in skin, imparts dura-
bility and resilience to the skin. It has
been the focus of much antiaging
research and the target of several skin
products and procedures. The impor-
tance of collagen is emphasized in the
literature regarding many of the topical
agents that are touted to increase colla-
gen synthesis such as glycolic and ascor-
bic acids. Resurfacing techniques such as
the CO, laser and dermabrasion are
intended to change collagen structure,
thereby improving skin texture. Various
forms of collagen are injected into the
dermis to replace damaged collagen and
to reverse the signs of aging. Finally, top-
ical retinoids have been shown to
reduce the collagen damage that occurs
because of sun exposure. These sundry

Epidermis

Basement membrane
Blood vessel

Dermis

A FIGURE 2-1 Histopathology of the dermal-epidermal junction. The basement membrane separates
the epidermis and the dermis. (Image courtesy of George Loannides, MD.)

aspects of collagen health or replace-
ment will be discussed separately in
upcoming chapters; however, it is neces-
sary first to gain an understanding of the
structure and function of collagen.

“Collagen” is actually a complex
family of 18 proteins, 11 of which are
present in the dermis. Collagen fibers
are always seen in the dermis in the
final, mature state of assembly as
opposed to elastin, the immature fibers
of which are seen in the superficial der-
mis with the more mature fibers found
in the deeper layer of the dermis. Each
type of collagen is composed of three
chains (Fig. 2-2). Collagen is synthe-
sized in the fibroblasts in a precursor
form called procollagen. Proline residues
on the procollagen chain are converted
to hydroxyproline by the enzyme pro-
Iyl hydroxylase. This reaction requires
the presence of Fe'*, ascorbic acid (vit-
amin C), and a-ketoglutarate. Lysine
residues on the procollagen chain are
also converted to hydroxylysine; in
this case, by the enzyme lysyl hydrox-
ylase. This reaction also requires the
presence of Fe™", ascorbic acid, and
a-ketoglutarate. It is interesting to note
that a deficiency of vitamin C, which is
an essential mediating component in
these reactions, leads to scurvy, a dis-
ease characterized by decreased colla-
gen production.

Collagen Glycation

Glycation of extracellular matrix (ECM)
collagen and proteins plays an impor-
tant role in the aging process. This is
not to be confused with glycosylation
of collagen, which is an enzyme-medi-
ated process in the intracellular step of
collagen biosynthesis. Glycation is a
nonenzymatic series of biologic events
that involves adding a reducing sugar
molecule (such as glucose or fructose)
to ECM collagen and proteins. This
reaction is also known as the Maillard
reaction. The sugar molecule mainly
reacts with the amino group side chains



Amino group of protein + Sugar — N-substituted glycosylamine + water

Amadori re-arrangement

Ketosamines

Oxidation

Advanced Glycation End Products (AGESs)

A FIGURE 2-3 Glycation of proteins is thought to play a role in the aging process.

of lysine and arginine of collagen and
ECM proteins. Subsequently, the prod-
uct of this process undergoes oxidative
reactions resulting in the formation of
advanced glycation end products
(AGEs) (Fig. 2-3). AGEs have been
implicated in the aging process and age-
related diseases such as diabetes melli-
tus,!® chronic renal failure,*® and
Alzheimer’s disease.®® It is believed
that with time, AGEs increase,” accu-
mulate on human collagen'® and elastin
fibers,!! and contribute to aging of the
skin. As a result of glycation, collagen
networks lose their ability to contract,
and they become stiffer and resistant to
remodeling. Fibroblasts are key ele-
ments for collagen contracture, as they
apply contracture force on the collagen
lattice via their actin cytoskeleton.'?
Glycated collagen modifies the actin
cytoskeleton of the fibroblasts thereby
diminishing their collagen contraction
capacity.'® Fibroblasts also secrete col-
lagenase (MMP-1), which is essential
for collagen turnover. Glycated collagen
has been proven to decrease levels
of collagenase I (MMP-1), leading to
less tissue remodeling.’* Studies have
shown that UV exposure may also con-
tribute to the production and function
of AGEs. N, e-(carboxymethyl) lysine

TABLE 2-1
Major Collagen Types Found in the Dermis

(CML) is one of the AGEs in which the
amino side chain of lysine is reduced.
This product was shown to accumulate
on elastin tissue of photoaged skin and
proven to be higher in sun-exposed
skin as compared to sun-protected
skin.!! In addition, it has been proposed
that AGE-modified proteins act as
endogenous photosensitizers in human
skin via oxidative stress mechanisms

induced by UVA light.'?

The Key Types of Collagen Found in
the Dermis (Table 2-1)

Type I collagen comprises 80% to 85%
of the dermal matrix and is responsible
for the tensile strength of the dermis.
The amount of collagen I has been
shown to be lower in photoaged skin,
and to be increased after dermabrasion
procedures.'® Therefore, it is likely that
collagen I is the most important colla-
gen type in regard to skin aging. Type III
is the second most important form of
collagen in the dermis, making up any-
where from 10% to 15% of the
matrix.”” This collagen type has a
smaller diameter than type I and forms
smaller bundles allowing for skin plia-
bility. Type III, also known as “fetal col-
lagen” because it predominates in

embryonic life, is seen in higher
amounts around the blood vessels and
beneath the epidermis.

The other types of collagen that are
noteworthy for a cosmetic dermatolo-
gist are type IV collagen, which forms a
structure lattice that is found in the base-
ment membrane zone and type V colla-
gen, which is diffusely distributed
throughout the dermis and comprises
roughly 4% to 5% of the matrix. Type
VII collagen makes up the anchoring fib-
rils in the DE]. Type XVII collagen is
located in the hemidesmosome and
plays an important structural role as
well. The importance of these collagens
and other structural proteins is evident
in genetic diseases characterized by a
lack of these structures and in acquired
diseases characterized by antibody for-
mation to these important structures.
For example, patients with an inherited
blistering disease known as dominant
dystrophic epidermolysis have been
shown to have a scarcity of type VII col-
lagen with resulting abnormalities in
their anchoring fibrils. An acquired bul-
lous disease, epidermolysis bullosa
acquisita (EBA), is caused by antibodies
to this same collagen type VII. Although
the discussion of these diseases is
beyond the scope of this text, it is inter-
esting that patients with chronic sun
exposure have also been found to have
alterations in collagen type VII. This
may contribute to the skin fragility seen
in elderly patients. Some investigators
have postulated that a weakened bond
between the dermis and epidermis
caused by loss of the anchoring fibrils
(collagen VII) may lead to wrinkle for-
mation.'® The importance of collagen
and changes seen in aged skin will be
discussed further in Chapter 6.

Bl cLasTin

Elastic fibers represent one of the essential
components of the ECM of connective
tissue (Fig. 2-4). They confer resilience

CoLLAGEN TYPE OTHER NAME

| Bone, tendon, skin
Dermis, Gl, vessels

I1l Fetal collagen

Locarion

FuncTion

Gives tensile strength
Gives compliance

v Basement membranes Forms a lattice
V Dermis, diffusely distributed Unknown

Vil Anchoring fibrils Stabilizes DEJ
XVII BPAG2, BP 180 Hemidesmosome ?

% oF DErRMIS AssoCIATED DISEASES

80
15

4-5 epidermolysis bullosa
acquisita (EBA), dystrophic
epidermolysis bullosa (EB),
bullous pemphigoid (BP),
herpes gestationis
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A FIGURE 2-4 Aand B. Scanning electron micrographs of the elastic fibers in human skin. Adapted from
Fitzpatrick’s Dermatology in General Medicine, seventh edition (McGraw Hill), page 532, with permission.

and elasticity to skin as well as other
organs such as the lungs and blood ves-
sels. Elastogenesis starts during fetal life
and reaches its maximum near birth and
the early neonatal period. It then
decreases significantly and is virtually
nonexistent by adult life. Elastic fibers
have two components. Their main com-
ponent is elastin, an amorphous, insolu-
ble connective tissue protein. Elastin is
surrounded by microfibrils, the second
component. Elastin constitutes 2% to
3% of the dry weight of skin, 3% to 7%
of lung, 28% to 32% of major blood
vessels, and 50% of elastic ligaments."”
Elastin is produced from its precursor
tropoelastin in the fibroblasts as well as
endothelial cells and vascular smooth
muscle cells. In contrast to collagen
fibers, elastin fibers are present in the
dermis in various levels of maturity. The
least mature fibers are called oxytalan.
They course perpendicularly from the
DEJ to the top of the reticular dermis.
More mature elastin fibers, called
elaunin, then attach to a horizontal
plexus of fibers found in the reticular
dermis. Elaunin is more mature because
it has more elastin deposited on the fib-
rillin mesh. The most mature elastin
fibers are unnamed and are found
deeper in the reticular dermis (Fig. 2-5).
Microfibrils play a very important
role in elastogenesis and act as a scaffold
for tropoelastin deposition and assem-
bly.? Microfibrils are primarily com-
posed of glycoproteins from the fibrillin
family and microfibril-associated glyco-
protein (MAGP)-1 and -2. Fibrillin-1 has
been shown to be important in elastic
fiber development and wound repair.??
Microfibrils are adjacent to tropoelastin-
producing cells and parallel to the devel-
oping elastin fiber.?® The microfibrils
form a template on which tropoelastin is
deposited. The tropoelastin polypep-
tides are then covalently cross-linked to
form elastin. Tropoelastin polypeptides
contain alternating hydrophilic and
hydrophobic regions. The hydrophobic

domains, which are rich in proline,
valine, and glycine, are believed to be
responsible for the elasticity of the
elastin  tissue.’* The hydrophilic
domains on the other hand are rich in
alanine and lysine, and interact with the
enzyme lysyl oxidase in the process of
cross-linking.”® The cross-linking of
elastin is a complex process necessary
for its proper function and stability. This
process is mediated via the copper-
requiring enzyme lysyl oxidase,’s and
the subsequent formation of desmosine
and isodesmosine cross-links, which
result in an insoluble elastin network.?”

Elastin is fascinating and although
much is known about it, its relevance in
cosmetic dermatology is unclear. It
seems certain that collagen, hyaluronic
acid (HA), and elastin bind each other
covalently and make up a three-dimen-
sional structure that is impaired in aged
skin. There is a commonly held belief
that these three components must be
increased in order to give skin a younger
appearance. However, the trick is that
de novo elastin production does not
occur in adulthood. Trying to increase
production of elastin in adults will
surely be a focus of cosmetic dermatol-
ogy research in the future.

DE Junction

The elastic fiber’s structure provides
clues about its ability to interact with
HA and collagen. Mature elastic fibers
contain an array of proteoglycans.
Versican is one of the most widely stud-
ied proteoglycans® and is a member of
the hyaluronan binding family that also
includes aggrecan and neurocan.
Versican contributes to cell adhesion,
proliferation, and migration and can
interact with multiple ECM proteins to
mediate assembly. Mature elastic fibers
are found at the periphery of collagen
bundles, offering a clue that elastin has
important interactions with collagen as
well as with HA.

Elastic fibers are degraded by the elas-
tolytic enzymes such as human leukocyte
elastase (HLE). With significant levels of
sun exposure, elastin degrades and is seen
as an amorphous substance in the dermis
when viewed by light microscopy. This
resultant “elastosis” is a hallmark of pho-
toaged skin. Interestingly, there are protec-
tive mechanisms in the skin preventing
elastin  degradation. Lysozymes are
believed to play a protective role in this
matter. They have been shown to increase
and deposit on the elastin fibers of UV-
exposed skin’ By binding to the elastin,
the lysozymes prevent the proper interac-
tion between elastase and elastin,® thereby
inhibiting the proteolytic activity of the
elastolytic enzymes*! It is also believed
that damage to the elastin fibers leads to
the decreased skin elasticity seen in aged
skin.*? Defects or damage to elastin may
lead to wrinkles even in the absence of
sun exposure and aging. Indeed, in one
case, a child with “wrinkled skin syn-
drome” was shown to have a deficiency
of elastin fibers,*® which demonstrates
the importance of elastin in skin integrity.
Defective elastic fibers can give rise to
multiple dermatologic diseases including
cutis laxa, pseudoxanthoma elasticum

| Papillary dermis
Oxytalan fibers

| Reticular dermis
Elaunin fibers

r Deep reticular dermis

A FIGURE 2-5 The elastic fiber network in the dermis consists of immature oxytalan fibers in the
superficial dermis and the more mature elaunin fibers in the middle dermis. The most mature elastic
fibers are unnamed and are found in the deep reticular dermis.



(PXE), elastosis perforans serpiginosa
(also known as Lutz-Miescher’s syn-
drome), and dermatofibrosis lenticu-
laris (also known as Buschke-Ollendorf
syndrome).

Studies have demonstrated a reduc-
tion in the elastin content in protected
areas of the skin with aging. In a study
performed on Egyptian subjects, the rela-
tive amount of elastin in the non-UV-
exposed abdominal skin significantly
decreased from 49.2% = 0.6% in the first
decade to 30.4% *=0.8% in the ninth
decade.® Another study on elastin con-
tent in the nonexposed buttock skin of
91 Caucasians between 20 and 80 years
of age showed a reduction of 51% in
elastin tissue.? Although UV exposure
may result in elastosis and a higher con-
tent of elastin tissue, the elastic fibers are
rendered structurally abnormal,®* which
is microscopically seen as thickened and
twisted granular deposits of elastin in the
dermis.

Replacing the elastin component of
the ECM has always posed a challenge
in skin rejuvenation approaches.
Researchers have investigated the pro-
duction of recombinant and cross-linked
tropoelastin in great detail.® However,
since it is very difficult to have elastin
pass through human skin, stimulating
the dermis to produce elastin may be an
alternative option. Recently, zinc has
become a subject of interest as an elastin
tissue stimulator in the skin. Zinc has
been shown to increase the epidermal
growth factor (EGF) receptor signaling
pathway.® It increases protein tyrosine
phosphorylation by inhibiting protein
tyrosine phosphatase (PTPase),” and
activates mitogen-activated protein
(MAP) kinases,*® which are important
for cosignaling in ECM production.
Clinical ~ studies have suggested
improvement in the elasticity of perioc-
ular skin following use of a patented
zinc complex topical preparation.®” In a
4-week study of 27 female subjects with
a zinc complex-containing eye product,
overall improvement of the eye area
was noted by 78%, reduction of fine
lines by 74%, and firmer skin by 70% of
the patients.”” These studies, although
promising, need to be conducted in a
larger patient population.

. GLYCOPROTEINS

Glycoproteins (GP) influence cell
migration, adhesion, and orientation.
Fibronectin and tenascin are the GPs
most relevant in the dermis although
vitronectin, thrombospondin, and epi-
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A FIGURE 2-6 HA is made of repeating dimers of glucuronic acid and N-acetyl glucosamine assem-

bled into long chains.

bolin are also present in the dermis.
Fibronectin is a filamentous GP that
mediates platelet binding to collagen,
development of granulation tissue, and
reepithelialization. Chemotactic for
monocytes, fibronectin contains six
binding sites including one for colla-
gen, two for heparin, and a region that
binds fibrin. Tenascin is abundant in
developing skin but found only in the
papillary dermis in adult skin. These
matrix components play a significant
role in tissue remodeling and are
important in wound healing following
cosmetic procedures.

. GLYCOSAMINOGLYCANS

Glycosaminoglycans (GAGs) are poly-
saccharide chains composed of repeating
disaccharide units linked to a core pro-
tein. Together the GAGs and attached
core protein form proteoglycans. All
GAGs except for HA are synthesized in
Golgi apparatus. HA is the only GAG
that is not produced on a core protein;
rather, it is synthesized by an enzyme
complex of the plasma membrane.*’
Although all the functions of GAGs
are not understood, it is known that
these compounds avidly bind water and
may contribute to the maintenance of
salt and water balance. GAGs are found
in areas with a fibrous matrix where cells
are closely associated but have little
space for free movement. Most studies
on human skin show an age-related
decline in GAG content. The most abun-
dant GAGs in the dermis are HA, which
is the only nonsulfated GAG, and der-
matan sulfate. The other GAGs include
heparin sulfate, heparin, keratan sulfate,
chondroitin-4, and chondroitin-6-sulfate.
HA is a very important component of
the dermis that is responsible for attract-
ing water and giving the dermis its vol-
ume. The name reflects its glassy appear-
ance (the Greek word for glass is hyalos)
and the presence of a sugar known as
uronic acid. HA is known to be impor-
tant in cell growth, membrane receptor

function, and adhesion. Its structure is
identical, whether it is derived from
bacterial cultures, animals, or humans
(Fig. 2-6). HA appears freely in the der-
mis and is more concentrated in areas
where cells are less densely packed. In
young skin, HA is found at the periphery
of collagen and elastin fibers and at the
interface of these types of fibers. These
connections with HA are absent in aged
skin.*t HA is a popular ingredient in cos-
metic products because it acts as a
humectant. Several types are also avail-
able in an injectable version for the treat-
ment of wrinkles (see Chapter 23). HA
appears to also play a role in ker-
atinocyte differentiation and formation
of lamellar bodies via its interaction with
CD44,% a cell surface glycoprotein
receptor with HA binding sites.**
Decorin is a member of the small
leucine-rich  proteoglycans  (SLRPs)
found in the extracelluar matrix protein.
Its name is derived from its apparent
“decorating” of collagen fibers. Decorin
contains a core protein with a high
content of leucine repeats and GAG
chains of dermatan or chondroitin sul-
fate. It is shaped in a “horseshoe” pat-
tern and binds to collagen fibrils, result-
ing in their proper organization.*®
Decorin-deficient mice have shown clin-
ical skin fragility and irregular collagen
fibrils with increased interfibrillar space
on histology.”” In addition to collagen
fibrillogenesis, decorin interacts with
fibronectin* and fibrinogen,* thereby
playing a role in wound healing and
hemostasis. Another interesting function
of decorin is that it reduces the prolifera-
tion of cells in neoplasms by stopping
their growth in the G, phase of the
cell cycle.® Carrino et al.”! studied the
catabolic fragment of decorin in adult
skin. They noted a higher content of the
altered decorin in adult dermis as
opposed to nonmeasurable amounts in
fetal skin and named it “decorunt.”
Decorunt was shown to have a lower
affinity for collagen fibrils. This finding
may explain some of the changes related
to collagen disorganization in aging skin.
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. MATRIX METALLOPROTEINASES

The ECM architecture of human skin is
based on its continuous remodeling.
This process requires ECM-degrading
enzymes followed by synthesis and
deposition of new molecules. The
matrix metalloproteinases (MMPs),
which include a large family of zinc-
dependent endopeptidases, are crucial
to the turnover of ECM components.
Interstitial collagenase, or MMP-1, was
the first enzyme discovered in this
group. MMP-1 is secreted from the
fibroblasts and is mainly involved in the
degradation of collagen types I, II, and
III, but has been shown to also cleave
the anchoring fibrils of collagen VIIL.>?
Human neutrophil collagenase (MMP-
8), another type of collagenase, is
engaged in cleaving collagen types I and
III. Collagenase 3 (MMP-13) is the third
member of this group of enzymes, and it
is known to fragment fibrillar collagens.
It is also believed to have a role in scar-
less wound healing®™ by enhancing
fibroblast proliferation and survival.**
Gelatinases are another class of MMPs
and consist of two types of enzymes,
gelatinase A (MMP-2) and gelatinase B
(MMP-9), that are responsible for attack-
ing gelatin and collagen IV in the base-
ment membrane. Other groups of
MMPs include stromelysins, which are
mainly involved in degradation of pro-
teoglycans, laminins, collagen IV, and
matrilysin, which is expressed on stro-
mal tissue, fetal skin, and in the setting
of carcinomas.®

The activity of MMPs is regulated by
an endogenous tissue inhibitor of metal-
loproteinases (TIMPs). TIMPs are natu-
rally produced proteins that specifically
inhibit the MMPs. The balance between
MMPs and their inhibition by TIMPs
leads to proper tissue remodeling.
TIMPs are regulated via expression of
cytokines (such as IL-1), growth factors,
and even retinoids.’®” Retinoids have
been shown to provoke a two- to three-
fold increase in the biosynthesis of
human fibroblast-derived TIMP in
vitro.”® Increased production of MMPs
and decreased production of TIMPs
have a role in the metastatic behavior of
tumors. Synthetic inhibitors of MMPs
are of interest to researchers especially
in the area of cancer research. These
inhibitors, such as hydroxamates, con-
tain a zinc-chelating group that binds to
the active site of MMPs leading to its
inhibition. Currently, their use is mostly
limited to research studies because of
their side-effect profile. Certain medica-
tions such as doxycycline are also

known for their inhibitory effect on
MMPs and have been studied in myriad
MMP-related conditions such as perio-
dontal and atherosclerotic diseases.

Il HYPODERMIS

The hypodermis, or subcutis, located
beneath the dermis, is composed mostly
of fat, which is an important energy
source for the body. This layer also con-
tains collagen types I, 1II, and V. As
humans age, some of the subcutaneous
fat is lost or redistributed into undesired
areas. This phenomenon contributes to
the aged appearance. Fat injections have
been employed to move fat from unde-
sired areas into desired areas where fat
has been lost, such as the lower face (see
Chapter 23).

The adipocytes secrete a hormone
called leptin, a product of the obesity
(ob) gene. Leptin exhibits a regulatory
effect on human metabolism and
appetite and therefore affects adipose
tissue mass. Leptin has been shown to
be higher in the serum of obese patients,
with commensurate levels found in
body fat percentage.” It is believed that
a higher percentage of body fat results in
elevated leptin levels and the turning off
of signals to the brain for appetite reduc-
tion. Recombinant leptin injections in
mice have been associated with reduc-
tion of weight and body fat percent-
age." However, more research is needed
to ascertain the therapeutic potential of
leptin in humans.

B summARY
Although the epidermis is the target of

most topical cosmetic products because
most do not penetrate to the dermis, the
dermis is the target for many of the
injectable treatments for aging. The der-
mis is an extremely important compo-
nent in skin appearance because it is
responsible for imparting thickness and
suppleness to the skin. A thinner dermis
and an altered DEJ are hallmarks of aged
skin. Loss of collagen, elastin, and GAGs
located primarily in the dermis contribute
significantly to cutaneous aging. Various
measures intended to prevent or retard
aging target these key constituents of
the dermis.
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CHAPTER 3

Fat and the
Subcutaneous Layer

Voraphol Vejjabhinanta, MD
Suzan Obagi, MD

Anita Singh, MS

Leslie Baumann, MD

Subcutaneous tissue, or the hypoder-
mis, is one of the largest tissues in the
human body. The major components of
this layer are adipocytes, fibrous tissue,
and blood vessels. It is estimated that
this layer represents 9% to 18% of
body weight in normal-weight men
and 14% to 20% in women of normal
weight.! Fat mass can increase up to
four fold in severe obesity, which may
represent 60% to 70% of total body
weight.? Although gaining fat in the
body is undesirable for many, losing fat
in the face has cosmetic implications as
well. Adipose tissue gain and loss and
volume changes contribute to the aged
appearance of the face and body. This
chapter will review the importance of
the subcutaneous tissue and its various
functions.

The subcutaneous tissue is usually not
given as much attention as the dermis
and epidermis because pathology at
superficial layers is easier to detect or
diagnose by a shave or small punch
biopsy. Subcutaneous tissue usually
must have an extensive defect before it is

BOX 3-1 Functions of the
Subcutaneous Tissue

e The largest repository of energy in the body.

e Stores fat-soluble vitamins (A, D, E, K),
including their derivatives such as retinoic
acids.

e Helps to shape the surface of the body, and
form fat pads that act as shock absorbers.

e Helps distribute force or stress to mitigate
damage to underlying organs.

e Protects against physical injury from exces-
sive heat, cold, or mechanical factors.

e Fills up spaces between other tissues and
helps to keep organs in place.

e |nvolved in thermoregulation by insulating
the body from heat loss.

e Functions as a secretory organ that
releases many cytokines.

e Plays a role in regulating androgen and
estrogen levels.®

noticed, and in order to biopsy this area,
an incision or large punch biopsy (e.g., 6
mm) is required. During histologic tissue
processing of biopsy tissue, the triglyc-
eride component, which is the major
component of adipocytes, is removed by
alcohol and xylol. For this reason, subcu-
taneous tissue has long been ignored.
However, with advances in diagnostic
methods and new treatments, much
more has been learned about the subcu-
taneous layer (Box 3-1). It is important
for dermatologists and cosmetically ori-
ented physicians to pay close attention
to this tissue because it has many roles
in cosmetic dermatology and general
appearance.

[l 2DIPOCYTES

In the past, adipocytes in adults were
considered stable, nondividing cells,
like other mature cells. However, recent
data reveal that adipocytes in adults
have the potential to increase in num-
ber or revert back into stem cells. These
stem calls can differentiate to other tis-
sue, such as fibroblasts, collagen, elastic
fibers, and hematopoietic stromal
cells.* Fat cells are derived from undif-
ferentiated fibroblast-like mesenchy-
mal cells. Under certain conditions,
these mesenchymal cells give rise to
adipose cells. Adipose tissue is classi-
fied into two morphologic types: white
and brown adipose tissue. White adi-
pose tissue normally appears yellow
because of the accumulation of
B-carotene, while brown adipose tissue
was named by its appearance derived
from its rich vascular supply. Mature
white adipocytes are called round
unilocular fat cells. They have a copi-
ous supply of cytoplasm, which con-
tains a single, large lipid droplet that
pushes the nucleus to the border of the
cell. Brown adipocytes, called polygo-
nal multilocular fat cells, have multiple
small lipid droplets.

When observed with an electron
microscope, brown adipocytes demon-
strably contain much more mitochon-
dria and smooth endoplasmic reticulum
than white adipocytes. In humans,
brown adipocytes play a major role in
nonshivering thermogenesis. Brown
adipose tissue can be found during the
fetal and early neonatal phases, while
the majority of adipocytes in adults are
white adipocytes. Some scientists have
tried to elucidate the mechanism of

how brown adipocytes convert fat to
energy, in order to find a way to get rid
of body fat by stimulating brown fat to
return.’

In the past, it was believed that the
number of adipocytes, which develop dur-
ing the 30th week of gestation, does not
increase after birth. However, newer
evidence has shown that adipocytes can
increase in number and size in certain
situations or environments. In general,
adipocytes are thought to have two peri-
ods of growth. The first period occurs from
the embryonic stage to 18 months after
birth, and the second period occurs during
puberty. Changes in adipose tissue mass
are determined by both size and number
of adipocytes.® An increase in size (hyper-
trophy)” usually precedes an increase in the
number of cells (hyperplasia).?

B anaTomy

Subcutaneous tissue, also known as the
superficial fascia, is divided into three
layers: apical, mantle, and the deeper
layer. The apical layer is located beneath
the reticular dermis surrounding sweat
glands and hair follicles. It contains
blood vessels, lymphatic vessels, and
nerves. It is also rich in carotenoids and
tends to be yellow in gross appearance.
Damage to this layer can lead to
hematoma, seroma, paresthesia, and full
thickness skin necrosis. The mantle
layer is composed of columnar-shaped
adipocytes and is absent from eyelids,
nail beds, bridge of the nose, and penis.
It contributes to the ability to resist
trauma by distributing pressure across a
large field. The deeper layer is located
under the mantle layer and its shape
depends on gender, genetics, anatomic
area, and diet. Adipocytes in this layer
are arranged in lobules between septa as
well as between fibrous planes. This
layer is suitable for liposuction. Vertical
extrusion and/or expansion of this layer
can cause cellulite (Fig. 3-1).
Subcutaneous tissue is found through-
out the body except for the eyelids, prox-
imal nail fold, penis, scrotum, and the
entire auricle of the external ear except
the lobule. In particular, subcutaneous tis-
sue is prominent at the temples, cheeks,
chin, nose, abdomen, buttocks, and
thighs, as well as infraorbital areas and
very thick at the palms and soles. Age,
gender, and lifestyle choices determine
the distribution and density of adipose
deposits. For example, in newborns
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A FIGURE 3-1 The three layers of the subcutaneous tissue.

adipose tissue has a uniform thickness
throughout the body, while in adults the
tissue tends to disappear from some areas
of the body and increase in other areas
under the influence of hormones.

Adipose tissue is distributed differ-
ently in men and women. Men tend to
accumulate fat in an android or upper
abdominal body distribution (apple
shape). In contrast, women tend to accu-
mulate fatin a gynoid or lower body dis-
tribution that predominantly involves
the lower abdomen, hips, and thighs
(pear shape) (Fig. 3-2).

In the elderly, hyper- or hypoaccumu-
lation of fat occurs in various areas. For
example, infraorbital eye bags, buccal
fat pad accumulation (chipmunk fea-
ture), wattle of the anterior neck, loose
skin and fat accumulation in the pos-
terior arm, increase in breast size of
males, and an increase in abdomen, but-
tock and thigh fat are common.
Subcutaneous fat can also be lost in the

malar fat pad during the aging process.
This can lead to prominent flattening of
the cheek/buccal area, sagging of the
skin of the face, and prominent deep
wrinkles, such as nasolabial folds and
marionette lines or jowls.

Role of Lipids in the Human Body

Lipids can be found in different areas
of the skin, not only in subcutaneous
tissue. Lipids are constituents of phos-
pholipids in the myelin sheaths of nerve
tissue and cell membranes (lipid bilay-
ers), play an important role in the skin
barrier of the epidermis, and are essen-
tial for the production of steroids. They
are water-insoluble organic molecules
because they are nonpolar. However,
after esterification (a condensation reac-
tion between acid and alcohol), they are
more water-soluble than their parent
forms.

The most common lipids in the diet
are triglycerides (triacylglycerol), which
are composed of a glycerol subunit
attached to three fatty acids (Fig. 3-3).
Lipids can be saturated or unsaturated.
Generally, an unsaturated fatty acid con-
tains at least one double bond while sat-
urated fatty acids do not. Unsaturated
fatty acids provide slightly less energy
during metabolism than saturated fatty
acids with the same number of carbon
atoms. In addition, saturated fatty acids
are usually solids at room temperature

Above waist

Apple shape

AW%

waist

Pear shape

A FIGURE 3-2 Android (apple) and gynoid (pear) fat distribution patterns in men and women.
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and unsaturated fats are usually liquids
at room temperature.

Lipid Metabolism

During digestion, fats in the food are
broken down in the duodenum by pan-
creatic lipase into free fatty acids and
glycerol. The intestinal epithelium
absorbs these substances and reesterifies
them in the smooth endoplasmic reticu-
lum into triglycerides. These triglyc-
erides are then absorbed into the circula-
tion and lymphatic system. When they
arrive in the circulation they are com-
bined with apoprotein to form a
lipoprotein, which is called a chylomi-
cron. Chylomicrons are exposed to
lipoprotein lipase, which is synthesized
by adipocytes and stored at the surface
of endothelial cells. Lipoprotein lipase
cleaves the chylomicron into free fatty
acids and glycerol again. These free fatty
acids pass into adipocytes and combine
with intracellular glycerol phosphate to
form triglycerides and are stored for
energy.

Adipose tissue can also convert exces-
sive glucose and amino acids into fatty
acids when stimulated by insulin. This
explains why people who consume a
low-fat diet or fat-free diet still gain
weight if they do not reduce the total
amount of calories they consume or have
a high-carbohydrate diet. High blood glu-
cose can stimulate insulin synthesis and
insulin can increase synthesis of lipopro-
tein lipase from adipocytes to help
absorb triglycerides into the cells. People
who want to control their weight should
avoid any foods that have the ability to
stimulate insulin production. Individuals
with type II diabetes have high levels of
insulin; therefore, they have a higher risk
of becoming overweight or obese than
nondiabetic individuals.

Lipoproteins

There are many different types of
lipoproteins. Low-density lipoprotein

(LDL) brings fat to the cells, while high-
density lipoprotein (HDL) brings fat
from the circulation to the liver for
excretion in bile. High levels of LDL are
associated with a high incidence of coro-
nary artery disease and atherosclerosis.
HDL, or the “good lipoprotein,” can be
elevated with exercise.

Lipid Synthesis

Triglycerides are derived from foods or
synthesized from excessive glucose or
amino acids. In humans, triglycerides
are stored mainly in adipose tissue,
which constitutes the body’s reserve
energy source. However, excessive con-
sumption of calories can lead to the syn-
thesis and accumulation of more fat in
subcutaneous tissues. Unfortunately, fat
storage is unlimited in the subcutaneous
tissue, unlike glycogen storage in the
liver and muscle. Therefore, excessive
fat accumulation will not only change a
person’s cosmetic appearance but also
increase their risk for osteoarthritis, dia-
betes, hypertension, as well as other
diseases.

[l VOLUME EXCESS

Obesity

Obesity is defined as unhealthy, exces-
sive fat mass. There are many regimens,
products, and exercise programs avail-
able; however, there is still a rising pan-
demic in the United States’ when
compared to the past.!” Obesity and
hyperlipidemia are major risk factors
and can lead to significant morbidity
and mortality.

PATHOPHYSIOLOGY Obesity results from
both environmental and genetic factors.
Two genes that are known to have
direct effects on obesity are the leptin
(ob gene)'™'? and proopiomelanocortin
(POMC) genes.”® These genes can con-
trol eating behavior and satiety. Defects
in these genes can cause severe obesity.

TABLE 3-1

Body Mass Index (BMI) Categories
BMI WEIGHT STATUS
Less than 18.5 Underweight
18.5-24.9 Normal
25.0-29.9 Overweight
30.0 and greater Obese

However, almost all people gain weight
when they get older because of dimin-
ished physical activity and aging-
induced changes in the chemical activity
of hormones.

Body mass index [BMI: body weight
divided by the square of height (kg/m?)]
is a popular index used for determining
body weight status. The Centers for
Disease Control and Prevention (CDC)
and World Health Organization (WHO)
use this index to classify adults into four
groups (Table 3-1).

A normal BMI does not necessarily
mean that a person has a “perfect”
shape. Many people with a BMI less
than 25 have fat accumulation in some
area, such as the abdomen or buttocks.

IMPACT OF OBESITY ON THE SKIN Obesity
is responsible for changes in skin barrier
function by significantly increasing
transepidermal water loss, which can
lead to dry skin and impaired barrier
function.' Hyperfunction of sebaceous
glands due to high levels of androgen-
like hormone or insulin-like growth fac-
tor hormone can aggravate severity of
acne and hirsutism;">!® delay wound
healing and collagen deposits in the
wound healing process;!” and disturb
both blood and lymphatic circulation,
which can cause angiopathy'® and
lymphedema, potentially precipitating
chronic leg ulcers.”” Rapid weight gain
can cause striae distensae (stretch marks),
which are challenging to treat.?*-® In
addition, in intertriginous areas such as
the underarms, breasts, and groin, mois-
ture accumulation can lead to candida
infection (intertrigo).

It is widely known that obesity
increases the risk of coronary heart dis-
ease, hypertension, hyperlipidemia,
osteoarthritis, and diabetes. It is also
known to be directly related to increased
risk of sleep apnea; breast, endometrial,
and colon cancer; gallbladder disease;
musculoskeletal disorders; severe pan-
creatitis and diverticulitis; infertility;



TABLE 3-2

Classification of Overweight and

Obesity by BMI

BMI WEIGHT STATUS

25.0-29.9 Overweight

=30.0 Obese

30.0-35.0 Moderate obesity (Class )
35.0-40.0 Severe obesity (Class Il)
=40.0 Morbid obesity (Class Ill)

urinary incontinence; and idiopathic
intracranial hypertension. Additionally,
obesity has indirectly been related to
anxiety, impaired social interaction, and
depression.

Obesity is implicated in a wide spec-
trum of dermatologic diseases, including
acanthosis nigricans, acrochordons,
keratosis pilaris, hyperandrogenism and
hirsutism, striae distensae, adiposis
dolorosa, fat redistribution, lymphedema,
chronic venous insufficiency, plantar
hyperkeratosis, cellulitis, skin infections,
hidradenitis suppurativa, psoriasis, in-
sulin resistance syndrome, and topha-
ceous gout.?*

To determine the severity of a per-
son’s obesity, BMI can be used. In fact,
the more overweight a person is the
higher the mortality rate (Table 3-2).

TREATMENT Dietary control is very
important in the treatment of obesity.
Patients must understand the principle of
energy intake and expenditure. Weight
reduction is usually not accomplished
without exercise. However, exercise
alone will usually produce little long-term
benefit. The combination of exercise with
dietary therapy can prevent weight being
regained. In addition, regular exercise (30
min daily) will improve general health.
The best results are obtained with educa-
tion in well-motivated patients. Constant
supervision by healthcare professionals
and by family or friends can help to

encourage compliance.

PREVENTION Prevention of obesity is key
because once fat is gained and main-
tained over time, it is more difficult to
lose. A high-fat diet can induce an
increase in the number of adipocytes.?>?
A low-fat and complex carbohydrate
diet is recommended to reduce body
weight. There is an important difference
between preventing weight gain and
producing weight loss. To prevent
weight gain, portion size and composi-
tion of food are controlled. For weight
loss, restriction of calorie intake is the
most effective treatment.

Liposuction

Overweight patients frequently consult
plastic surgeons and dermatologists for
liposuction.”’* Liposuction is one of
the most commonly performed cos-
metic surgery procedures in the United
States.®” Physicians must inform their
patients that liposuction is a modality
for improving body contour and not for
treatment of generalized obesity. In
addition, excess fatty tissue will return if
regular exercise and diet control are not
maintained.

Large-volume liposuction may decrease
weight and fat mass; however, there is
controversy regarding whether or not it
significantly improves insulin resistance
and other obesity-associated metabolic
abnormalities.**** The most common
areas treated are the neck, jowls, arms,
abdomen, thighs, knees, and ankles.
Other conditions that can be improved by
liposuction include lipoma, gynecomastia,
buffalo hump, and axillary hyperhidrosis.

There are strict guidelines from both
the American Society of Dermatologic
Surgery (ASDS) and the American
Academy of Cosmetic Surgery (AACS)
on the volume restrictions during liposuc-
tion. Tumescent liposuction is considered
the safest method for performing the pro-

TABLE 3-3

cedure. This technique relies on the infil-
tration of dilute anesthesia based on
body weight, and the removal of limited
amounts of adipose tissue during each
operation. Tumescent anesthesia consists
of very dilute lidocaine and epinephrine
solutions ranging from 0.05% to 0.1% of
lidocaine with 1:1,000,000 epinephrine
and sodium bicarbonate. The total safe
concentration of lidocaine that can be
used in this formula is 35 to 55 mg/kg
based on patient weight and any coexist-
ing medical conditions. Table 3-3 is a syn-
opsis of the 2006 ASDS guidelines of care
for tumescent liposuction.?®

LIPOSUCTION COMPLICATIONS While there
have been reports of mortality with gen-
eral anesthesia, there have been no
reports of death with tumescent anes-
thesia alone. When practitioners adhere
to the AACS and ASDS guidelines,
tumescent liposuction is a safe outpa-
tient procedure. Common complications
are bruising, swelling, localized pares-
thesia, and irritated incision sites after
liposuction. Other complications include
hematomas, seromas, and infection.
There are serious complications that the
surgeon must be aware of, however,
such as the development of a fat embolus,

Synopsis of 2006 ASDS Guidelines of Care for Tumescent Liposuction

Indications

Aesthetic body contouring: most common regions include thighs, abdomen, hips, arms, back,

buttocks, neck, breasts, and calfs

Other indications: treatment of lipomas, gynecomastia, lipodystrophy, axillary hyperhidrosis, axillary
bromidrosis, and subcutaneous fat debulking during reconstructive procedures

Preoperative evaluation

History: diet patterns, exercise, unwanted regions, underlying disorders such as poor wound heal-
ing, bleeding abnormalities, diabetes mellitus, keloid formation, problems with past surgical pro-
cedures, personal or family history of thrombophlebitis, pulmonary emboli, and drugs that may
interfere with blood coagulation or the metabolism of lidocaine

Explanation: procedure, risk and benefits, expected outcomes, needing a touch-up procedure

Physical examination: assessment of both general physical health and specific sites amenable to

liposuction

Laboratory studies: may or may not be necessary for a given patient depending on the type and

extent of anticipated liposuction procedure

Some surgeons may wish to obtain CBC, PT, PTT, LFT, UA, pregnancy test, screening for HIV,

hepatitis B, and hepatitis C
Technique

Tumescent Anesthesia: consists of very dilute lidocaine and epinephrine solutions ranging from
0.05%-0.1% of lidocaine with epinephrine (around 1:1,000,000), sodium bicarbonate and +/—

triamcinolone
Volume removal

Removal of more than 4 L of supranatant fat should be divided into more than one operative session
Monitoring: pulse oximetry, cardiac monitoring, and intermittent monitoring of BP, HR, and RR

Postoperative care
Use compression garments for 1 to 4 wk
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visceral perforation, pneumothorax,
deep vein thrombosis, congestive heart
failure, and lidocaine toxicity. Fortu-
nately, these complications are very rare
during tumescent liposuction. The rela-
tive skills and experience level of the
operating physician represent important
contributing factors to the incidence of
adverse events from liposuction.

Careful patient selection is the key to
a successful outcome. Younger patients,
those with good skin tone, and those
close to their ideal weight tend to be the
best candidates. Poor patient selection
may lead to the development of rippling
or poor skin contraction.

Il voLumE Loss
Normal Aging

The aging face shows characteristic
changes, many of which were once
solely attributed to the effects of gravity
on skin, muscle, and fat. It is for this rea-
son that the main approach to the aging
face was to lift and reposition “ptotic”
tissue. However, we now recognize that
there are complex changes occurring in
which volume loss is a significant con-
tributor. These changes include muscle
atrophy, bone resorption, and fat atro-
phy. There are some well-designed stud-
ies that look at the bony changes of the
face and the change in the malar fat pad
with time. The results of these studies
show that the lower midfacial skeleton
becomes retrusive with age relative to
the upper face.®* Study authors speculate
that the skeletal remodeling of the ante-
rior maxillary wall allows soft tissues to
be repositioned downward thereby
accentuating the nasojugal fold and malar
mound. In a different study, some of the
same authors describe the increasing
incidence of a “negative vector face” as
one ages.” A “negative-vector” patient is
one in whom the bulk of the malar fat
pads lies posterior to a line drawn straight
down from the cornea to the orbital rim.
With this change, the lower eyelid fat
pads appear more prominent but are not
truly hypertrophied.

In a magnetic resonance imaging
(MRI) study by Gosain et al. the deep-
ening appearance of the nasolabial fold
with age seems to be a combination of
ptosis and fat/skin hypertrophy.®®
They found a difference in the redistri-
bution of fat within the malar fat pad
by age, with older women exhibiting a
relatively increased thickness of the
midportion of the malar fat pad and
overlying skin compared to younger
females. More interestingly, they did

not find an increase in the length or
projection of the levator labii superi-
oris muscle between young and old
subjects.

A more recent cadaveric study con-
sidered the fat distribution of the face.*’”
The authors found distinct facial fat
compartments and subdivisions within
these areas. The malar fat pad is com-
posed of three separate compartments:
medial, middle, and lateral temporal-
cheek fat. The nasolabial fold was uni-
formly a discrete unit with distinct
anatomic boundaries and little variation
in size from one cadaver to the next.
The forehead also consisted of three
anatomic units: central, middle, and lat-
eral temporal-cheek fat. Orbital fat is
noted in three compartments deter-
mined by septal borders. However, the
superior orbital fat did not connect to
the inferior orbital fat. The jowl fat is the
most inferior of the subcutaneous fat
compartments and was found to be
closely associated with the depressor
anguli oris muscle.

One of the easiest ways for a cos-
metic surgeon to begin to understand
these changes in patients is by evaluat-
ing photographs of the patient both in
youth and at the time of presentation for
a consultation. This can be seen in the
works of surgeons that have performed
a great deal of volume restoration surg-
eries over the years.*®%

Autologous Fat Transplantation

Fat transplantation is the reinjection of
aspirated adipocytes into an area that has
lost volume as a result of aging, trauma,
or after an inflammatory process.
Autologous fat transplantation offers cer-
tain advantages over other fillers, most
notably that it is an autograft with the
same human leukocyte antigen therefore
there is no allergic reaction or rejection via
immune processes. Indications for fat
transfer are volume loss anywhere in the
face such as the nasolabial folds, lips,
under eye hollow and tear trough defor-
mity, submalar depressions, zygoma
enhancement, chin augmentation, malar
augmentation, congenital and traumatic
defects, surgical defects, wide-based acne
scarring, idiopathic lipodystrophy, facial
hemiatrophy, rejuvenation of hands, body
contour defects, depressions caused by
liposuction or trauma, etc.***#! This tech-
nique can be divided into two processes:
harvesting fat from the donor site, and
reinjecting it into the recipient sites. The
medical literature is replete with different
techniques by which fat is harvested, pre-
pared, and infiltrated into the tissue. The

variation in these techniques probably
accounts for why some surgeons find suc-
cess with this modality and others do not
achieve long-lasting results.*

Factors that influence survival of fat
after injection include the anatomic
sites of harvesting and placement, the
degree of mobility in the recipient area,
the vascularity of the recipient tissue,
and the overall health and age of the
patient.*®

We found that fat aspirated from the
lateral thigh lasts longer than fat taken
from the abdomen. Even during har-
vesting, one will find a noticeable differ-
ence in the quality of the fat between
the two areas. The fat of the upper
arms, inner thighs, and abdomen tends
to be softer and contain less connective
tissue. Fat from the lateral thigh tends to
be more dense and fibrous. Further-
more, placement of the fat into the tis-
sues is critical to ensure viability.
Adipocytes require a healthy and vascu-
lar bed in which to engraft. For this rea-
son, fat must be placed in small parcels
and in multiple layers, including in and
under muscles. The less movement in
the recipient site, the more that fat sur-
vives. Therefore, the malar and infraor-
bital areas do well while the nasolabial
folds and lips require touch-ups to
achieve the desired effect.

Complications

Complications are rare but include
swelling, ecchymosis, hematoma, and
infection. Known cases of blindness and
cerebral strokes resulting after fat trans-
plantation at the glabella**® and
paranasal areas? have been noted. In
these cases, a sharp needle or large
syringe were used to inject the fat. By
using only blunt cannulas and 1 mL
syringes, this complication has not been
reported in the literature.

Fat Cells as a Source for Stem Cells
and Collagen Stimulation

There is evidence that supports the util-
ity of adipocytes for a potential stem cell
role as well as collagen stimulation. First,
it is known that even after puberty the
human body can increase the number
and size of fat cells. Second, subcuta-
neous tissue contains not only adipocytes
but also fibrous tissue and blood vessels.
These tissues are active cells and can pro-
liferate when there is an increase in the
size of subcutaneous tissue.® In addi-
tion, there is evidence demonstrating
that aspirated fluid from liposuction
contains cells that can differentiate into



bone, cartilage, muscle, neurons, and
adipocytes. 2

In contrast to harvesting stem cells
from the bone marrow, harvesting
adipocytes from subcutaneous tissue is
much easier and complications at the
donor site can easily be visualized. In
addition, adipocytes can be harvested
from many areas and multiple times.
Harvesting stem cells from fat will be an
interesting topic in the future for tissue
reengineering.

One intriguing observation noted
both by the senior author (Suzan Obagi)
and in her communications with other
surgeons that frequently perform fat
transfers is that the skin of patients con-
tinues to improve and show a reduction
in rhytides and aging symptoms over
time after autologous fat augmentation.
This improvement is not seen in patients
receiving synthetic fillers. This leads one
to question whether the stems cells play
a beneficial role in the skin.

MISCELLANEOUS ADIPOSE
CONDITIONS

Cellulite

Cellulite occurs mainly in postadolescent
women at the buttocks, abdomen, and
thighs. Risk factors include lack of exer-
cise; being female, overweight/obese,
elderly, and having excess hormones and
poor lymphatic drainage. It is character-
ized by dimpling and nodularity of the
skin, where the skin looks and feels irreg-
ular, almost like an orange peel (Box 3-2).
Cellulite largely results from changes in
the dermis rather than changes in subcu-
taneous tissue. Although cellulite is fre-
quently found in healthy, nonobese
patients, it is aggravated by obesity. 7

PATHOGENESIS The pathophysiology of
cellulite is not completely understood,
but many theories for the pathogenesis
of cellulite have been postulated. One

BOX 3-2 Hexsel Classification of
Cellulite®

e At Stage 0, the skin’s surface is not altered.

e At Stage I, skin is smooth when the indi-
vidual is standing or lying down, but some
cellulite appears if the skin is pinched.

e At Stage Il, skin appears dimpled without
any pinching or manipulation.

e At Stage Ill, skin appears both dimpled
and raised in some areas.

#Personal communication with Doris Hexsel,
Porto Allegre, Brazil.

of the most important factors is the
anatomy of this condition. There are
morphologic differences of the fat lobes
between males and females, which
may explain the large frequency of cel-
lulite in females and rare occurrence in
males. Cellulite is thought to be formed
from the breakdown of collagen in the
reticular dermis, which leads to weak-
ness in the dermis and herniation of
subcutaneous fat into the dermis, as
well as compression of the microcircu-
lation of the dermis. Congestion of
fluid and protein in the dermis is
believed to lead to formation of fibrotic
bands between the subcutaneous tissue
and dermis resulting in retraction, dim-
pling, or nodularity.

TREATMENT This condition is considered
normal in postadolescent women and is
innocuous. Many people feel that it is
cosmetically unappealing both visually
and tactilely. This condition may not
improve by weight reduction; however,
weight control may improve the appear-
ance of cellulite in some patients.

There are many modalities that pro-
pose to treat this condition by stimula-
tion of collagen production in the der-
mis, such as infrared, diode laser, and
radiofrequency.”® These methods are
new and the efficacy is unknown at this
point. The most effective method to
treat cellulite is to improve blood and
lymphatic circulation and drainage of
waste products with massage; however,
the effects are temporary. Efforts to
increase exercise can stimulate lymph
flow and decrease fluid accumulation. A
decrease in fat mass can also occur by
lipolysis, such as with exercise and diet,
liposuction, ultrasound-assisted lipolysis
and mesotherapy. In severe dimpling
lesions, minimally invasive procedures
such as subcision can lead to improve-
ment.”” Many topical products claim to
treat cellulite. The most effective of
these contain caffeine and theophylline,
which dehydrate the fat cells, temporar-
ily shrinking them. Despite the many
cellulite treatments on the market, none
have been shown to be convincingly
effective for more than 24 hours.

Lipodystrophy

Lipodystrophy is a term describing
abnormality with increasing subcuta-
neous fat (lipohypertrophy) or decreas-
ing subcutaneous fat (lipoatrophy). It
can be congenital or acquired, and gen-
eralized, partial, or localized. The two
most common forms of lipodystrophy
include lipodystrophy due to the aging

process and HIV-associated lipodystro-
phy. Aging skin is characterized by a
loss of subcutaneous tissue and laxity of
the anterior supporting dermis. A
decrease in supporting bone mass and
loss of muscle tone can cause patients to
look older. In HIV-associated lipodystro-
phy, most patients are treated with
highly active antiretroviral therapy
(HAART). This combination therapy
contains nonnucleoside reverse tran-
scriptase inhibitors that can hinder DNA
polymerase leading to adipocyte apop-
tosis.

Common areas affected by lipodys-
trophy are the cheeks, forehead, tempo-
ral, infraorbital, and jowl fat compart-
ments. Losing fat in some areas can
affect the general appearance in other
areas. For example, decreasing subcuta-
neous fat in the malar cheeks can cause a
prominent nasolabial fold, or decreasing
jowl fat can cause prominent marionette
lines and jowls. Treatment can be per-
formed by using synthetic filler agents
or autologous fat transplantation.
However, many HIV patients lack ade-
quate fat for aspiration and transplanta-
tion or their fat is very fibrous, which
makes harvesting difficult. Polylactic
acid (Sculptra™, Dermik Laboratories,
Berwyn, Pennsylvania), FDA-approved
for the treatment of facial lipoatrophy in
HIV patients, is a very useful product
that works by stimulating collagen syn-
thesis. The more recent use of higher
dilutions and longer reconstitution times
has led to a decrease in the formation of
granulomas after injection of this agent
(see Chapter 25).

. FUTURE DIRECTIONS

Understanding the biology of adipocytes
is important to the progress of lipolysis
techniques and the possible usage of
adipocytes as stem cells. In addition,
various methods for fat removal are
being investigated, including drugs
or chemicals that can stimulate lipoly-
sis (e.g., phosphatedylcholine, isopro-
terenal, theophylline, aminophylline,
caffeine, carnitine, carbon dioxide, and
herbal extracts) and device-assisted
liposuction such as ultrasound (to burst
fat cells) or 1064 nm Nd:YAG laser (to
melt the fat cell). These new methods
need to be evaluated for safety and
efficacy.

Il summary

Adipocytes and subcutaneous tissue
are important subjects to which the
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cosmetic dermatologist should pay
attention. There are cosmetic concerns
related to both excess and loss of fat
for which the patient will seek cos-
metic intervention. Advances in this
field will be centered on more directed
therapies of fat removal or disruption
in heavy patients and on stem cell
purification and injection in thinner
patients. It is the role of the cosmetic
dermatologist to remain abreast of
these changes. Furthermore, cosmetic
dermatologists and surgeons should
take an active role in counseling

patients
weight

on proper nutrition and
management from both

extremes (too thin or too heavy).
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CHAPTER 4

Immunology of
the Skin

H. Ray Jalian, MD
Jenny Kim, MD, PhD

Little is known about the relationship
between immunology and skin appear-
ance; however, it is certain that the
immune system plays an important role
in the health of the skin. Work is ongoing
to help elucidate how this vital system
interacts with the largest organ of the
body. Itis very likely that this segment of
research, as it pertains to the cosmetic
dermatology arena, will offer significant
potential for discovery of new therapeu-
tics and procedures in the next several
years. This chapter will serve as a brief
introduction to the skin as an immune
organ and how the immune response
plays a role in cosmetic dermatology.

In the past, the skin was viewed pri-
marily as a barrier mechanism to
prevent invading pathogens and other
environmental toxins, including UV
radiation, from penetrating into internal
organs. However, we now know that
the skin essentially acts as an immense
and integral immune organ and first
point of contact with the environment,
capable of initiating an intricate series of
events leading to host defense. A basic
review of skin immunology, including
the role of cytokines and growth factors,
will be provided as an important part of
this discussion. Mechanisms of various
immune responses found in skin dis-
ease, the interplay between innate
immunity and extracellular matrix syn-
thesis, as well as emerging immune-
based treatments will also be high-
lighted. Finally, the relevance of the local
immune system and its relationship to
skin aging, particularly photoaging, will
be briefly reviewed.

ORGAN

The immune response can be divided
into innate and adaptive immunity.
Innate immune response occurs rapidly
and the cells of the innate immune
system use pattern recognition receptors
(PRRs) to secrete soluble factors that
can lead to both inflammation and
host defense. The adaptive immune

I SKIN—AN INNATE IMMUNE

response, on the other hand, occurs
slowly and activation of adaptive
immune cells, such as B and T cells,
requires that receptors undergo gene
rearrangements. The adaptive immune
system can mount either humoral
immunity (B cells, which make antibod-
ies) or cell-mediated immunity (T cells).
Furthermore, the adaptive immune sys-
tem is also responsible for immune
memory, which confers long-term pro-
tection to the host. Although the two
systems appear distinct, they are not
separate, and in fact can act synergisti-
cally, insofar as the innate immune sys-
tem instructs the adaptive immune
response and the adaptive immune sys-
tem influences the innate system.

In the epidermis, the two main innate
cells are the keratinocytes and Langerhans
cells. In addition, neutrophils, macro-
phages, and dendritic cells present within
the dermis also play a role in innate
immunity. When a foreign substance is
encountered, activation of innate cells
occurs through PRRs, including the Toll-
like receptors (TLRs), which are reviewed
below. Upon activation, the innate cells
become capable of inducing a direct
antimicrobial response by producing fac-
tors that can help protect the host from
external insults. These factors include
reactive oxygen and nitrogen intermedi-
ates (also known as “free radicals”) and
antimicrobial peptides. In addition, acti-

vated innate cells produce cytokines and
other inflammatory mediators that can
instruct adaptive immunity. Paradoxically,
the same innate immune response can
induce proinflammatory cytokine pro-
duction that can lead to inflammation
and tissue injury, thereby facilitating dis-
ease pathology.

Cytokines and Growth Factors

Cytokines are soluble mediators of the
immune system secreted by particular
cell types in response to a variety of
stimuli. They differ in molecular weight,
structure, and mechanism of action. In
general, secreted cytokines act locally in
either an autocrine (effect on the pro-
ducing cell itself) or paracrine (effect on
adjacent cells) fashion. While there have
been numerous cytokines identified to
date, this section will focus on the com-
mon cytokines present in the skin and
the changes that occur in expression
profiles with aging.

In the epidermis, cytokines are pri-
marily produced by keratinocytes,
melanocytes, and Langerhans cells,
while fibroblasts, endothelial cells, mast
cells, macrophages, dendritic cells, lym-
phocytes, and other inflammatory cells
are responsible for cytokine production
within the dermis (Table 4-1 for a sum-
mary of cytokines present in the skin
and the cells that produce them).

TABLE 4-1
Summary of Cytokines and Growth Factors Within the Skin and the Cells That
Produce Them
CELL TYPE
Cytokines
Proinflammatory
IL-1 (o, B) Keratinocytes (IL-1ax), Langerhans cells, melanocytes, fibroblasts,

T cells, B cells, macrophages, neutrophils
TNF-a Keratinocytes, Langerhans cells, melanocytes, fibroblasts, T cells,
B cells, macrophages, neutrophils, eosinophils, basophils

IL-2 T cells
IL-4 T cells, mast cells, basophils, eosinophils
IL-5 Mast cells, T cells, eosinophils
IL-6 Keratinocytes, Langerhans cells, melanocytes, fibroblasts, T cells, B cells
IL-8 Keratinocytes, Langerhans cells, melanocytes, fibroblasts, T cells,
B cells, macrophages, neutrophils, eosinophils, basophils
IL-12 Keratinocytes, Langerhans cells, macrophages, mast cells, B cells

Anti-inflammatory

IL-10 T cells, mast cells, macrophages, B cells

Growth factors

TGF-« Keratinocytes, macrophages, eosinophils
TGF-B Keratinocytes, melanocytes, fibroblasts, T cells, B cells, macrophages
EGF Keratinocytes, eccrine ducts



PROINFLAMMATORY CYTOKINES Activation
of the immune system is an important
step in protecting the skin from
pathogens and other environmental tox-
ins; however, paradoxically, activation of
the immune mechanism can also lead to
inflammation, thus promoting disease
and aging. Interleukin (IL)-1, a cytokine
capable of being expressed by virtually
any nucleated cells, including ker-
atinocytes, exhibits a broad spectrum of
biologic activity. Whereas IL-1B is pre-
dominantly expressed in most cells, IL-1a
is expressed by keratinocytes.! IL-1
induces keratinocyte proliferation, pro-
motes differentiation of B cells, activates
neutrophils and macrophages, and initi-
ates the expression of other proinflamma-
tory cytokines. In addition, IL-1 is capable
of enhancing the activation of T cells, and
is involved in aspects of both humoral
(B cells) and cellular immunity (T cells).
IL-1 is continuously expressed at low lev-
els in normal epidermis but is markedly
enhanced when the skin batrier is dis-
rupted. Furthermore, upon UV radiation,
keratinocytes can secrete IL-1, which then
initiates a cytokine cascade and the bio-
logic sequelae may accelerate changes
seen in photoaging.

Tumor necrosis factor (TNF)-a,
although structurally unrelated to IL-1,
shares similar biologic spectra. TNF-a is
a potent inducer of inflammation and
also induces prostaglandin synthesis in
macrophages, further contributing to its
proinflammatory nature. Within the
skin, both IL-1 and TNEF-a are expressed
by keratinocytes and Langerhans cells.
IL-6, produced by keratinocytes, Lan-
gerhans cells, and resident immune cells
within the skin, synergizes with other
cytokines, mainly potentiating the
effects of TNF-a and IL-1.

Other members of the interleukin
family are expressed by various cells
within the skin and contribute to local
innate and adaptive immunity. IL-2 is
secreted by activated T cells within the
skin and promotes clonal T cell prolifer-
ation as well as cytokine production,
and is critical for activation of the adap-
tive immune response. IL-4, expressed
by activated T cells, mast cells, and
eosinophils, is important in allergic
disease processes and has been shown
to promote IgE production and the
maturation of mast cells and eosin-
ophils. IL-5, expressed by monocytes
and eosinophils, serves mainly as an
eosinophil growth and differentiation
factor. IL-8, produced by keratinocytes
and resident immune cells within the
skin, is a potent chemotractant for
neutrophils. IL-12, produced by antigen

presenting cells, is a critical regulator
of innate and adaptive immunity, and
serves to potentiate cell-mediated im-
munity. It is also expressed by ker-
atinocytes and Langerhans cells.

ANTI-INFLAMMATORY CYTOKINES Not all
members of the interleukin family are
proinflammatory. IL-10 inhibits the
inflammatory immune response through
various mechanisms. Specifically, it hin-
ders antigen presenting cell function by
downregulating major histocompatibility
complex (MHC) class II expression.
Along with T cells, macrophages, and B
cells, keratinocytes express IL-10.
Moreover, IL-10 disrupts cytokine pro-
duction by immune effector cells and
inhibits the generation of reactive oxygen
species (via oxidative burst) and nitric
oxide production. UV radiation enhances
IL-10 production in keratinocytes, which
can lead to immune dysregulation.” In
addition, the production of IL-10 by non-
melanoma skin cancer can inhibit the
function of tumor infiltrating lympho-
cytes and promote tumor growth.’?
Interestingly, the immune cells of older
individuals have been shown to produce
high levels of IL-10 in comparison to
younger adults, suggesting that IL-10 is in
part responsible for the immunosuppres-
sion observed in the elderly.*

GROWTH FACTORS Growth factors are
proteins that have an effect on cellular
proliferation and differentiation. While

some cytokines can also be classified as
growth factors, not all cytokines are
considered growth factors (seeTable 4-2
for a summary of the functions of
cytokines and growth factors). There
are numerous families of growth fac-
tors. The epidermal growth factor (EGF)
family and the transforming growth fac-
tor (TGF)-B superfamilies will be dis-
cussed further.

TGF-a is a member of the EGF family
of growth factors, which also consists of
EGE amphiregulin (AR), epiregulin, and
neuregulin 1, 2, and 8. These growth fac-
tors are secreted by keratinocytes and
bind to the EGF receptor in an autocrine
manner to induce keratinocyte prolifera-
tion.” In addition to increasing epider-
mal thickness and contributing in a com-
plex chain of events to the regulation of
keratinocyte differentiation, EGF is
important in wound healing.® Notably,
EGF and TGF-a enhance migration of
normal keratinocytes.” EGF accelerates
wound healing in mice and enhances
lateral migration of keratinocytes,
wound closure, and subsequent reep-
ithelialization.® Moreover, EGF stimu-
lates fibroblast migration and prolifera-
tion and is critical for wound repair and
dermal regeneration.”'

Decreased responsiveness of EGE
receptors is seen with increasing age,
possibly because of a lower number and
density of receptors, as well as to reduced
ligand binding, receptor autophosphory-
lation, and internalization.!' In addition,

TABLE 4-2
Summary of Function of Cytokines and Growth Factors
FuncTion
Cytokines
Proinflammatory
IL-1 (e, B) Keratinocyte differentiation, B cell differentiation, activates neutrophils
and macrophages
TNF-a Similar to IL-1, prostaglandin synthesis in macrophages
IL-2 T-cell proliferation, cytokine production
IL-4 IgE production, mast cell and eosinophil maturation
IL-5 Eosinophil growth and differentiation
IL-6 Potentiates effects of TNF-« and IL-1
IL-8 Neutrophil chemoattractant
IL-12 Potentiates cell-mediated immunity

Anti-inflammatory

IL-10 Downregulates MHC class II, disrupts cytokine production, inhibits
production of reactive oxygen species and NO

Growth Factors

TGF-a Enhances keratinocyte migration and keratinocyte differentiation

TGF-B Recruits monocytes, neutrophils, and fibroblasts, decreases matrix
degradation

EGF Enhances keratinocyte migration and keratinocyte differentiation,

accelerates wound healing, stimulates fibroblast migration and

proliferation
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amphiregulin expression is downregu-
lated in aged epidermis.'? Diminished
EGF activity and amphiregulin expres-
sion lead to a subsequent decrease in
fibroblast migration and proliferation at
the site of wound healing. These events
result in the impaired wound healing that
is observed in aged skin. Moreover, aged
fibroblasts produce fewer matrix compo-
nents,'? yielding less dermal tissue and a
thinner, weaker scar.

Many cosmeceuticals now contain var-
ious growth factors including EGE
insulin-like growth factor, platelet growth
factor, and keratinocyte growth factor.
Although these growth factors can theo-
retically induce keratinocyte differentia-
tion and dermal remodeling, whether any
of the products available to consumers
demonstrate significant clinical effective-
ness in preventing or reversing photoag-
ing has not yet been established. Since
cosmeceuticals are not subject to the
same FDA regulatory requirements as
drugs, well-controlled clinical studies that
support the efficacy of cosmeceuticals are
generally not available.

The TGEF-B superfamily has a broad
spectrum of functions dependent on the
dosage and the target cell type. In the
wound healing process, TGF-B is
responsible for recruiting monocytes,
neutrophils, and fibroblasts to the
wound site. Higher concentrations of
TGE-B activate monocytes to release
numerous growth factors and stimulate
fibroblasts to increase matrix synthesis
and decrease matrix degradation.'® The
effects of TGF-B on keratinocytes are
inconclusive with some studies showing
an inhibitory role in growth, while oth-
ers favoring keratinocyte chemoattrac-
tion and activation. This apparent dis-
crepancy is perhaps linked to the
temporal kinetics, dose of TGF-B admin-
istered, and also the dual activity TGF-B
exerts on keratinocytes.

TGF-B is best known in cosmetic der-
matology for its ability to promote the
production of the extracellular matrix,
notably the synthesis of procollagen.'
TGE-B also serves as a growth factor for
fibroblasts, the cells that produce collagen
and play an important role in wound
healing.! The subcutaneous injection of
TGEF-B into unwounded skin results in
increased collagen deposition at the injec-
tion site.!® Moreover, collagen synthesis is
enhanced in animal models when TGE-B
is administered locally or systemically.’'®
Despite the encouraging results of TGF-8
on collagen synthesis, its effects on reep-
ithelialization are less predictable. In vivo
studies have shown both accelerated and
impaired reepithelialization in animal

wound models,"”?” echoing the contradic-

tory effects of TGF-B on keratinocytes.

Loss of TGF-B function may be
significant in photoaging. UV radiation
impairs the TGF- pathway via down-
regulation of TGEF-B type II receptor
(TGE-B RII). Loss of TGF-B RII occurs
within 8 hours after irradiation and pre-
cedes the downregulation of type I pro-
collagen expression,®! which leads to
reduced collagen production. Moreover,
UV exposure decreases the expression of
TGEF-B, and upregulates Smad7, a nega-
tive regulator of TGE* For this reason,
TGEF-B is included in skin care products.
Whether the TGF-B and other growth
factors contained in cosmeceuticals are
stable, can be absorbed adequately, or
exert a functionally significant outcome
to induce dermal remodeling and reverse
photoaging is unclear since well-con-
trolled clinical studies are lacking.

Cytokines and Aging

Although the molecular mechanisms of
photoaging and actinic damage have not
been fully elucidated, skin-derived cyto-
kines are likely involved in this process.
UV radiation exposure, which is thought
to be responsible for photoaging, results
in inflammation, known as sunburn, and
increased proinflammatory cytokines by
resident skin cells, including IL-1, IL-6,
and IL-8. These cytokines cause inflam-
mation, but also initiate activation of ker-
atinocytes, macrophages, and other
immune cells that generate reactive oxy-
gen species, resulting in cellular damage.
In addition, these reactive oxygen species
initiate the production of activator protein
(AP)-1 and the formation of destructive
enzymes such as collagenases that con-
tribute to skin aging (see Chapter 6).%
UV exposure also increases the pro-
duction of TGF-« from keratinocytes.?*
In addition, UVB irradiation of haitless
mice has been shown to elevate levels of
IL-1a, and TNE-a mRNA in skin.?
Interestingly, UV-produced cytokines dis-
play opposing functions with regard to
keratinocyte proliferation. UV exposure
increases levels of IL-1, IL-6, and TGF-q,
which are known to augment ker-
atinocyte proliferation, while TNF-a is
known to suppress keratinocyte growth.
Keratinocyte- and dermal-derived
cytokines that result from UV exposure
may also partially account for the dys-
pigmentation seen with photoaging.
An experimental model has demon-
strated that UVA-induced granulocyte
monocyte colony stimulating factor
from keratinocytes may play a role in
melanocyte proliferation and thus result

in UVA-induced pigmentation in the epi-
dermis.?® Further studies are needed to
clarify the role of UV-induced cytokines
on melanocyte growth and function.

Toll-like Receptors

The discovery of TLRs has created a
new paradigm for how we view the
innate immune system. Moreover, TLRs
appear to play important roles in acne
and other inflammatory skin diseases.
Considering the partial proinflamma-
tory nature of UV-induced photoaging,
it is possible that TLRs factor into the
aging process. Because TLRs are often
activated early in the innate immune
response resulting in cytokine produc-
tion, part of the age-related cytokine
aberration may be linked to changes in
TLR expression and function. The back-
ground of TLRs and their known roles in
skin disease and photoaging will be dis-
cussed in this section. In addition, the
effect of retinoids on TLR expression
and function will be explored.

The importance of innate immunity
became clear with the discovery of TLRs
a decade ago. The toll receptor, initially
described in relation to drosophila, was
shown to be crucial in preventing fungal
infection in flies. Subsequently, it was
demonstrated that TLRs play a role in
human host defense.”’ To date, 10
human TLRs have been described and
their role in innate immunity has greatly
influenced our view on the immune sys-
tem. TLRs are PRRs capable of recogniz-
ing a variety of conserved microbial
motifs collectively referred to as
pathogen-associated molecular patterns.
Each TLR recognizes a unique microbial
motif, such as bacterial cell wall compo-
nents, fungal elements, viral RNA, and
bacterial DNA. Moreover, individual
TLRs can form dimers in order to
increase specificity. A summary of TLRs
and their respective ligands can be found
in Fig. 4-1. Although their extracellular
domains vary in specificity for their
respective microbial ligands, the intra-
cellular domains of TLRs are conserved
and converge onto a common pathway.
TLR signaling is thought to occur pri-
marily in a MyD88-dependent pathway
that ultimately leads to nuclear translo-
cation of the transcription factor NF-kB.
This in turn results in the transcription
of immunomodulatory genes, including
those that encode for various cytokines
and chemokines.”® In addition to a
MyD88-dependent pathway, certain
TLR activation can lead to MyD88-inde-
pendent signaling resulting in an
immune response.?’
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TLRs are expressed by various cells
of the innate immune system such as
keratinocytes, neutrophils, monocytes,
macrophages, dendritic cells, and mast
cells. Moreover, as TLRs are key players
in the innate response to pathogens, the
expression and function of TLRs at sites
of host-pathogen interaction are critical
for host defense. It is therefore of little
surprise that the skin, which is the first
point of contact with cutaneous patho-
gens, exhibits functionally significant
TLR expression. It is now known that
keratinocytes express TLRs 1, 2, and 5,
with TLR2 and 5 showing preferential
staining in the basal keratinocytes.** In
addition, other studies have identified
expression of TLR4 in cultured human
keratinocytes.* TLR9 has been shown to
be preferentially expressed in ker-
atinocytes found in the granular layer.* A
more recent study has found that cul-
tured  keratinocytes  constitutively
express TLR1, 2, 3, 4, 5, 6, 9, and 10
mRNA, but not TLR7 or 8.%* It has also
been suggested that keratinocyte expres-
sion of TLR can be influenced by
cytokines and growth factors, such as
TGF-a.* Furthermore, TLR expression
within the epidermis may correlate with
keratinocyte maturation; as cells progress
from the basal layer to the surface of the
skin, patterns of TLR expression may
change. TLRs are also expressed on
fibroblasts. TLR1-9 are expressed and
functionally active on cultured gingival
fibroblasts.* TLR2 and 4 are also
expressed in synovial fibroblasts.®®
Expression of TLRs on dermal fibroblasts
has not been fully investigated, however.

Significantly, TLR expression and
function have been demonstrated to
change with aging. Studies evaluating
the levels of TLR expression in murine
macrophages in aged mice have shown
significantly lower levels of expression
of TLR. Moreover, when stimulated
with known ligands to TLR2/1, 2/6, 3,
4,5, and 9, significantly lower levels of
IL-6 and TNF-a were produced, indicat-
ing a decline in function.”” This sup-
ports the observation that increased
susceptibility to pathogens and poor
adaptive immunity in eldetly individu-
als may be caused by a decline in TLR
expression and function. A more recent
study characterized TLR2/1 function in
humans. TNF-a and IL-6 production
from peripheral blood-derived mono-
cytes were significantly reduced in
those older than 65 years when com-
pared to the cohort aged 21 to 30 years.
Moreover, surface expression of TLR1
was decreased but TLR2 was
unchanged as a function of aging.®
While these studies have shown
decreased TLR expression in mono-
cytes, the effects of aging on ker-
atinocyte TLR expression have not yet
been described.

What role, if any, TLR expression and
function have in photoaging and accu-
mulation of actinic damage is uncertain.
However, the importance of TLRs in
skin has been gleaned through the study
of various inflammatory skin diseases.
For example, TLR2 has been implicated
in the pathogenesis of acne vulgaris.
Propionibacterium acnes, a gram-positive
anaerobe that plays a sine qua non role in

N

the pathogenesis of acne, induces
the production of proinflammatory
cytokines, such as IL-6 and IL-12, by
binding TLR2.* FPurthermore, TLR2
plays an important role in the produc-
tion of key host defense components,
such as antimicrobial peptides, which
have been demonstrated to increase in
culture systems when keratinocytes are
stimulated with P acnes.”” Subtle vari-
ability in the expression of TLR1, 2, 5,
and 9 has been described in psoriatic
lesions when compared to normal skin,
although these variances in TLR expres-
sion have not been linked to the etiology
or pathogenesis of the disease.®*!
Nevertheless, TLR2 is thought to be
a key factor in host response to
Mycobactetia leprae, the organism impli-
cated in leprosy. The expression of TLR2
and TLR1 is markedly increased in
tuberculoid leprosy (resistant form of
leprosy) when compared to leproma-
tous leprosy (susceptible form of lep-
rosy), suggesting that TLR2/1 is impor-
tant for activating cell-mediated
immunity.*? Since TLR expression and
function appear to play a role in the
pathogenesis of various inflammatory
and infectious skin conditions, modula-
tion of the expression and function of
these PRRs with pharmacologic agents
appears to be a potential novel way in
which certain dermatologic conditions
can be treated.

Matrix Metalloproteinases

Recently, TLRs have been directly linked
to collagen synthesis or breakdown by
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TABLE 4-3
Types and Function of Select MMPs

GRouP ENzYmME

Collagenases ~ MMP-1 (Collagenase-1)

MMP-8 (Collagenase-2)
MMP-13 (Collagenase-3)

Gelatinases MMP-2 (Gelatinase-A)
MMP-9 (Gelatinase-B)
Stromelysins MMP-3 (Stromelysin-1)

MMP-10 (Stromelysin-2)

MMP-11 (Stromelysin-3)

mediating the expression of various me-
talloproteinases. Matrix metallopro-
teinases (MMPs) are a group of enzymes
responsible for the breakdown of colla-
gen and can be classified into four
subfamilies: (1) Collagenases, (2) gelati-
nases, (3) stromelysins, and (4) mem-
brane-type MMPs (Table 4-3 for a sum-
mary of the functions of the first three
types). Initial breakdown of collagen
depends on members of the collagenase
family that are capable of cleaving native
triple helical collagen. After the initial
cleavage of collagen, the resultant frag-
ments are further degraded by gelati-
nases and stromelysins.* The expression
of MMPs is tightly regulated and regula-
tion of the extracellular matrix involves a
balance between synthesis of structural
components and MMPs. MMPs are
expressed primarily by fibroblasts, but
also by macrophages and keratinocytes
and the expression of MMPs is modu-
lated by cytokines. For example, MMP-1
production from fibroblasts is stimulated
by IL-1, IL-6, TNF-a, and TGE-B.##
Moreover, other cytokines such as IL-4
inhibit MMP expression and are
chemoattractant for fibroblasts, favoring
collagen and fibronectin synthesis and
matrix preservation.*’

In addition to regulation at the tran-
scriptional level, MMP activity is
regulated by tissue inhibitors of metal-

ECM SuBSTRATE
Collagen I, II, lll, VI, X

Collagen I, II, Il
Collagen I, 11, III, IV, X
Gelatin |

Collagen IV, V, VII, X
Fibronectin
Elastin

Gelatin I,V
Collagen IV, V
Fibronectin
Elastin
Proteoglycans
Fibronectin
Laminin

Gelatin I, ll, IV, V
Fibronectin
Gelatin I, ll, IV, V
Fibronectin
Gelatin

Laminin

OTHER SELECT SUBSTRATES
Pro-TNF, IL-1,

MMP-2, MMP-9
MMP-9

IL-18, MMP-1,
MMP-9, MMP-13

IL-1B

IL-1B

MMP-1, MMP-8

IGF binding protein

Collagen IV

loproteinase (TIMP). TIMPs, low mole-
cular weight glycoproteins, are synthe-
sized mainly in fibroblasts and
macrophages,“® and inhibit MMP activ-
ity by forming heat-stable 1:1 stoichio-
metric complexes. The expression of
TIMPs is also regulated by cytokines
and growth factors. For example,
TIMP-1 is induced by IL-1, IL-6, and
EGE** Although both MMPs and
TIMPs can be induced by similar stim-
uli, the expression can be regulated in
both a coordinated and reciprocal man-
ner. The critical balance between MMP
and TIMP expression determines the
balance between matrix degradation
and matrix preservation. During peri-
ods of extracellular matrix homeostasis,
the expression of MMP and TIMP is
tightly coordinated providing for
appropriate remodeling without exces-
sive tissue breakdown. However, if the
of MMP expression is
increased relative to TIMP expression,
excessive matrix degradation is thought
to occur.

The role of MMPs in photoaging has
been well documented. Both UVA and
UVB radiation induce AP-1, a transcrip-
tion factor important for the expression
of MMP-1, 3, and 9.° It is then hypoth-
esized that these MMPs are involved in
collagen breakdown, and subsequent
imperfect repair yields molecular scar-

amount

ring.” Cumulative UV exposure and the
additive effect of molecular remodeling
results in visible photoaging, character-
ized by wrinkles and decreased skin
tone. Histologically, photoaged skin
reveals disorganized dermal collagen
fibrils and increased elastin.

In addition to their ability to induce
cytokines and chemokines, TLRs have
been implicated in the induction of
MMPs. Several preliminary studies have
shown that microbial agents are capable
of inducing MMP expression through a
TLR-dependent pathway. For example,
in Lyme disease the causative agent
Borrelia burgdotferi is capable of inducing
MMP-9 through a TLR2-dependent
mechanism.” Moreover, mycobacterial
cell wall components are also thought to
increase MMP-9 through TLR2.*? More
recently, CpG oligodeoxynucleotide, the
ligand for TLRY, exhibited the capacity
to induce MMP-9 expression in
macrophages via a TLR9/NF-kB-depen-
dent signaling pathway.*®

Notall TLR pathways behave equally
with regard to MMP regulation.
Imiquimod, a TLR7 and 8 ligand, down-
regulates production of MMP-9 while
simultaneously upregulating TIMP
expression.’® Clinical evidence to sup-
port the role of 5% imiquimod cream in
the reversal of photoaging and actinic
damage was recently described by
Kligman and colleagues. The daily
application of imiquimod cream for 5
days each week for 4 weeks resulted in
a decrease in wrinkles, dyspigmenta-
tion, and hyperkeratotic pores.
Histologically, reversal of epidermal
atypia and atrophy were observed in
posttreatment biopsies.” In this regard,
imiquimod appears to have potential as
a novel therapy for reversal of photoag-
ing as well as the prevention of cuta-
neous neoplasms. The exact role
imiquimod exerts in regulating the
expression of MMP in vivo has not been
determined and further studies are war-
ranted in this area.

Retinoids

Retinoids, a class of vitamin A-derived
compounds that bind various members of
the retinoic acid receptor family, have
long been used for the treatment of
numerous inflammatory and hyperprolif-
erative skin diseases. Given the anti-
inflammatory nature of this class of com-
pounds, retinoids are increasingly being
used to counteract the effects of and pre-
vent photoaging. Among the numerous
mechanisms of action characterizing
these vitamin A derivatives, it was



recently shown that the retinoids exert
their anti-inflammatory effect through
downregulation of TLR2.%® Because TLR2
has been implicated in the expression of
MMPs, it is tempting to speculate that
part of the mechanism of action of
retinoids in photoaging is through the
reduction of MMP expression via the
downregulation of TLR2. Moreover, it
has been well documented that retinoids
directly affect MMP expression through
negatively regulating AP-1 promoter
activity,” thereby displaying utility in
reversing photoaging. Retinoids have also
been shown to increase TIMP expression,
thus further promoting a matrix-preserv-
ing phenotype.

Retinoids are a common therapeutic
agent for both the topical and systemic
treatment of acne. In addition to their
antiproliferative effects, recent evidence
has emerged to partially account for the
anti-inflammatory effect. The retinoid
all-trans retinoic acid downregulates
TLR2 and its coreceptor CD14 in mono-
cytes. Also, the addition of retinoids to
culture media reduces proinflammatory
cytokine production stimulated by
P. acnes.”® MMPs have recently gained
attention for their role in the pathogene-
sis of acne. MMP-1, 3, and 9 have been
shown to be markedly increased in
lesional skin when compared to donor-
matched normal skin.”®*’ The overex-
pression of these MMPs may in part
account for the scarring seen in acne.
It is possible that retinoids partially
target MMP expression as part of
their therapeutic mechanism. Clinical
evidence supports the role of retinoids
in preventing scar formation and also
for the treatment of both atrophic
and hypertrophic scarring, perhaps
indicating that retinoid regulation of
MMPs may have important implica-
tions in the prevention and treatment
of scarring.50-62

Il summary

We are beginning to see evidence that
the immune system plays a role in skin
appearance, factoring into the phenom-
ena of aging and photoaging. While var-
ious hypotheses for aging exist, persis-
tent inflammation has received much
attention as one of the critical factors
influencing aging in other organs, for
example, in neurologic and cardiovascu-
lar conditions. Immune cells within the
skin appear to respond to pathogens, UV
radiation, and other environmental tox-
ins to engender an immune response to
protect the host. Yet the same mecha-

nism through the activation of various
receptors including the TLRs can lead to
cytokine alterations and have important
implications in cellular apoptosis, inflam-
mation, and tissue injury. For example,
the loss of TGE-B or decreased respon-
siveness to EGF leads to a decrease in
collagen production, as well as the
increased breakdown of collagen and
hyaluronic acid, accounting for the der-
mal alterations characteristic of pho-
toaging.

A better understanding of the mecha-
nisms of skin aging, and photoaging in
particulat, from an immunologic perspec-
tive should lead to the development of
improved novel therapies. Although cur-
rently there are no FDA-approved
cytokine and growth factor therapies for
photoaging, numerous cosmeceutical
treatments containing these factors have
been developed. It is important to note
that for those who practice evidence-
based medicine, not enough data are
available to know if these products
reverse or prevent photoaging and fur-
ther studies are warranted. With the dis-
covery of TLRs and their relationship to
cytokine production as well as their indi-
rect and direct links to collagen synthesis,
it may be possible that TLRs could prove
to be realistic targets for the prevention of
photoaging. Furthermore, therapeutics
that directly target downstream events of
TLR activation such as modulators of
MMPs and TIMPs may be of use. More
research into the role of local immune
response in skin aging should help pro-
vide physicians with tools to better treat
and educate our patients.

REFERENCES

1. Bell TV, Harley CB, Stetsko D, et al.
Expression of mRNA homologous to
interleukin 1 in human epidermal cells.
J Invest Dermatol. 1987;88:375.

2. O’Connor A, Nishigori C, Yarosh D,
et al. DNA double strand breaks in epi-
dermal cells cause immune suppression
in vivo and cytokine production in vitro.
J Immunol. 1996;157:271.

3. Kim J, Modlin RL, Moy RL, et al. IL-10
production in cutaneous basal and squa-
mous cell carcinomas. A mechanism for
evading the local T cell immune
response. / Immunol. 1995;155:2240.

4. Uyemura K, Castle SC, Makinodan T.
The frail elderly: role of dendritic cells in
the susceptibility of infection. Mech
Ageing Dev. 2002;123:955.

5. Cohen S. The stimulation of epidermal
proliferation by a specific protein (EGEF).
Dev Biol. 1965;12:394.

6. Schultz GS, White M, Mitchell R, et al.
Epithelial wound healing enhanced by
transforming growth factor-alpha and
vaccinia growth factor. Science. 1987;235:
350.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Barrandon Y, Green H. Cell migration is
essential for sustained growth of ker-
atinocyte colonies: the roles of transform-
ing growth factor-alpha and epidermal
growth factor. Cell. 1987;50:1131.

Ando Y, Jensen PJ. Epidermal growth fac-
tor and insulin-like growth factor I
enhance keratinocyte migration. | Invest
Dermatol. 1993;100:633.

Blay J, Brown KD. Epidermal growth fac-
tor promotes the chemotactic migration
of cultured rat intestinal epithelial cells. J
Cell Physiol. 1985;124:107.

Carpenter G, Cohen S. Human epider-
mal growth factor and the proliferation
of human fibroblasts. J Cell Physiol.
1976;88:227.

Reenstra WR, Yaar M, Gilchrest BA.
Effect of donor age on epidermal growth
factor processing in man. Exp Cell Res.
1993;209:118.

Ye ], Garg A, Calhoun C, et al. Alter-
ations in cytokine regulation in aged epi-
dermis: implications for permeability
batrier homeostasis and inflammation. 1.
IL-1 gene family. Exp Dermatol. 2002;11:
209.

Colige A, Nusgens B, Lapiere CM.
Response to epidermal growth factor of
skin fibroblasts from donors of varying
age is modulated by the extracellular
matrix. ] Cell Physiol. 1990;145:450.
Sporn MB. The transforming growth
factors-b. In: Peptide Growth Factors and
Their Receptors (Handbook of Experi-
mental Pharmacology), edited by AB
Roberts. New York, NY: Springer-Verlag;
1990:419.

Edwards DR, Murphy G, Reynolds JJ,
et al. Transforming growth factor beta
modulates the expression of collagenase
and metalloproteinase inhibitor. EMJBO
J. 1987;6:1899.

Roberts AB, Sporn MB, Assoian RK et al.
Transforming growth factor type beta:
rapid induction of fibrosis and angiogen-
esis in vivo and stimulation of collagen
formation in vitro. Proc Natl Acad Sci U S
A. 1986;83:4167.

Beck LS, DeGuzman L, Lee WP, et al.
One systemic administration of trans-
forming growth factor-beta 1 reverses
age- or glucocorticoid-impaired wound
healing. | Clin Invest. 1993;92:2841.
Mustoe TA, Pierce GF Thomason A,
et al. Accelerated healing of incisional
wounds in rats induced by transforming
growth factor-beta. Science. 1987;237:
1333.

Quaglino D Jr, Nanney LB, Kennedy R, et
al. Transforming growth factor-beta
stimulates wound healing and modulates
extracellular matrix gene expression in
pig skin. I. Excisional wound model. Lab
Invest. 1990;63:307.

Hebda PA. Stimulatory effects of trans-
forming growth factor-beta and epidermal
growth factor on epidermal cell outgrowth
from porcine skin explant cultures. ] Invest
Dermatol. 1988;91:440.

Quan T, He T, Kang S, et al. Solar ultravi-
olet irradiation reduces collagen in
photoaged human skin by blocking
transforming growth factor-beta type II
receptor/Smad signaling. Am | Pathol.
2004;165:741.

Quan T, He T, Voorhees JJ, et al.
Ultraviolet irradiation induces Smad7 via
induction of transcription factor AP-1 in

7 d31dVHO

NIXS FHL 40 ADOTONNINAI

27



301L0Vdd ANV S31dIONIHd "AD0TOLVIANEIA OILINSOD

28

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

human skin fibroblasts. J Biol Chem.
2005;280:8079.

Fisher GJ, Wang ZQ, Datta SC, et al.
Pathophysiology of premature skin aging
induced by ultraviolet light. N Engl | Med.
1997;337:1419.

James LC, Moore AM, Wheeler LA, et al.
Transforming growth factor alpha: in
vivo release by normal human skin fol-
lowing UV irradiation and abrasion. Skin
Pharmacol. 1991;4:61.

Schwartz E, Sapadin AN, Kligman LH.
Ultraviolet B radiation increases steady-
state mRNA levels for cytokines and
integrins in hairless mouse skin: modula-
tion by topical tretinoin. Arch Dermatol
Res. 1998;290:137.

Imokawa G, Yada Y, Kimura M, et al.
Granulocyte/macrophage colony-stimu-
lating factor is an intrinsic keratinocyte-
derived growth factor for human
melanocytes in UVA-induced melanosis.
Biochem J. 1996;313:625.

Medzhitov R, Preston-Hurlburt P,
Janeway CA Jr. A human homologue of
the Drosophila Toll protein signals acti-
vation of adaptive immunity. Nature.
1997,388:394.

Takeda K, Kaisho T, Akira S. Toll-like
receptors. Annu Rev Immunol. 2008;21:
335.

Doyle SE, O’Connell RM, Miranda GA,
et al. Toll-like receptors induce a phago-
cytic gene program through p38. J Exp
Med. 2004;199:81.

Baker BS, Ovigne JM, Powles AV, et al.
Normal keratinocytes express Toll-like
receptors (TLRs) 1, 2 and 5: modulation
of TLR expression in chronic plaque pso-
riasis. Br ] Dermatol. 2003;148:670.
Pivarcsi A, Bodai L, Rethi B, et al.
Expression and function of Toll-like
receptors 2 and 4 in human kera-
tinocytes. Int Immunol. 2003;15:721.
Miller LS, Sorensen OE, Liu PT, et al.
TGF-alpha regulates TLR expression and
function on epidermal keratinocytes. |
Immunol. 2005;174:6137.

Mempel M, Voelcker V, Kollisch G, et al.
Toll-like receptor expression in human
keratinocytes: nuclear factor kappaB con-
trolled gene activation by Staphylococcus
aureus is toll-like receptor 2 but not toll-
like receptor 4 or platelet activating factor
receptor dependent. | Invest Dermatol.
2003;121:1389.

Lebre MC, van der Aar AM, van BL,
et al. Human keratinocytes express func-
tional Toll-like receptor 3, 4, 5, and 9. ]
Invest Dermatol. 2007;127:331.

Uehara A, Takada H. Functional TLRs
and NODs in human gingival fibroblasts.
] Dent Res. 2007;86:249.

Kim KW, Cho ML, Lee SH, et al. Human
theumatoid synovial fibroblasts promote

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

osteoclastogenic activity by activating
RANKL via TLR-2 and TLR-4 activation.
Immunol Lett. 2007;110:54.

Renshaw M, Rockwell ], Engleman C, et
al. Cutting edge: impaired Toll-like
receptor expression and function in
aging. J Immunol. 2002;169:4697.

van DD, Mohanty S, Thomas V, et al.
Age-associated defect in human TLR-1/2
function. J Immunol. 2007;178:970.

Kim J, Ochoa MT, Krutzik SR, et al
Activation of toll-like receptor 2 in acne
triggers inflammatory cytokine responses. |
Immunol. 2002;169:1535.

Nagy I, Pivarcsi A, Koreck A, et al.
Distinct strains of Propionibactetium acnes
induce selective human beta-defensin-2
and interleukin-8 expression in human
keratinocytes through toll-like receptors.
] Invest Dermatol. 2005;124:931.

Curry JL, Qin JZ, Bonish B, et al. Innate
immune-related receptors in normal and
psoriatic skin. Arch Pathol Lab Med.
2003;127:178.

Krutzik SR, Ochoa MT, Sieling PA, et al.
Activation and regulation of Toll-like
receptors 2 and 1 in human leprosy. Nat
Med. 2003;9:525.

Birkedal-Hansen H: Matrix metallopro-
teinases. Adv Dent Res. 1995;9:16.

Dayer JM, Beutler B, Cerami A. Cachectin/
tumor necrosis factor stimulates collagenase
and prostaglandin E2 production by human
synovial cells and dermal fibroblasts. | Exp
Med. 1985;162:2163.

Postlethwaite AE, Raghow R, Stricklin
GP, et al. Modulation of fibroblast func-
tions by interleukin 1: increased steady-
state accumulation of type I procollagen
messenger RNAs and stimulation of
other functions but not chemotaxis by
human recombinant interleukin 1 alpha
and beta. J Cell Biol. 1988;106:311.
Wlaschek M, Heinen G, Poswig A, et al.
UVA-induced autocrine stimulation of
fibroblast-derived collagenase/MMP-1
by interrelated loops of interleukin-1 and
interleukin-6. Photochem Photobiol. 1994;
59:550.

Zhang Y, McCluskey K, Fujii K, et al.
Differential regulation of monocyte matrix
metalloproteinase and TIMP-1 production
by TNF-alpha, granulocyte-macrophage
CSE and IL-1 beta through prostaglandin-
dependent and -independent mechanisms.
J Immunol. 1998;161:3071.

Stricklin GP, Welgus HG. Human skin
fibroblast collagenase inhibitor. Purifi-
cation and biochemical characterization.
J Biol Chem. 1983;258:12252.

Edwards DR, Murphy G, Reynolds JJ,
et al. Transforming growth factor beta
modulates the expression of collagenase
and metalloproteinase inhibitor. EMBO
J. 1987;6:1899.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

Herrlich P, Sachsenmaier C, Radler-Pohl
A, et al. The mammalian UV response:
mechanism of DNA damage induced
gene expression. Adv Enzyme Regul.
1994;34:381.

Gebbia JA, Coleman JL, Benach JL.
Selective induction of matrix metallopro-
teinases by Borrelia burgdorfeti via toll-like
receptor 2 in monocytes. | [nfect Dis.
2004;189:113.

Elass E, Aubry L, Masson M, et al.
Mycobacterial lipomannan induces
matrix metalloproteinase-9 expression in
human macrophagic cells through a Toll-
like receptor 1 (TLR1)/TLR2- and CD14-
dependent mechanism. Infect Immun.
2005;73:7064.

Lee S, Hong J, Choi SY, et al. CpG
oligodeoxynucleotides induce expression
of proinflammatory cytokines and
chemokines in astrocytes: the role of
c-Jun N-terminal kinase in CpG
ODN-mediated NF-kappaB activation.
J Neuroimmunol. 2004;153:50.

Li VW, Li WW, Talcott KE, et al.
Imiquimod as an antiangiogenic agent.
J Drugs Dermatol. 2005;4:708.

Kligman A, Zhen Y, Sadiq I, et al.
Imiquimod 5% Cream reverses histo-
logic changes and improves appearance
of photoaged facial skin. Cos Derm. 2006;
19:704.

Liu PT, Krutzik SR, Kim J, et al. Cutting
edge: all-trans retinoic acid down-regu-
lates TLR2 expression and function.
J Immunol. 2005;174:2467.

Dedieu S, Lefebvre P. Retinoids interfere
with the AP1 signalling pathway in
human breast cancer cells. Cell Signal.
2006;18:889.

Kang S, Cho S, Chung JH, et al
Inflammation and extracellular matrix
degradation mediated by activated tran-
sctiption factors nuclear factor-kappaB and
activator protein-1 in inflammatory acne
lesions in vivo. Am J Pathol. 2005;166:
1691.

Trivedi NR, Gilliland KL, Zhao W, et al.
Gene array expression profiling in acne
lesions reveals marked upregulation of
genes involved in inflammation and
matrix remodeling. | Invest Dermatol.
2006;126:1071.

Layton AM. Optimal management of acne
to prevent scarring and psychological
sequelae. Am ] Clin Dermatol. 2001;2:135.
Janssen de Limpens AM. The local treat-
ment of hypertrophic scars and keloids
with topical retinoic acid. Br ] Dermatol.
1980;103:319.

Mizutani H, Yoshida T, Nouchi N, et al.
Topical tocoretinate improved hyper-
trophic scar, skin sclerosis in systemic
sclerosis and morphea. | Dermatol. 1999;
26:11.



CHAPTER 5

Hormones and
Aging Skin

Larissa Zaulyanov-Scanlan, MD

It is well known that estrogen and testos-
terone play vital roles in the development
of secondary sexual characteristics and
are important for reproduction. There are
also several ongoing investigations on the
effects of these sex hormones in cardio-
vascular disease, neurodegenerative dis-
ease, mood, and cancer formation, as well
as into their roles in adipogenesis and
osteogenesis in women and men. With so
many tissues expressing estrogen and
androgen receptors, it is not surprising to
find that several organ systems experi-
ence dramatic changes as sex hormone
levels decline with advancing age. The
first studies of sex hormone receptors in
human skin and skin appendages began in
the mid-1970s and examined estrogen
receptors in breast cancer tissue,! and
testosterone receptors in human hair
follicles.? Since that time several studies
have examined the roles of sex hormones
in a variety of dermatologic and other
disease states. While it has long been
known that the skin has sex hormone
receptors, the recent discovery of a sec-
ond estrogen receptor (ER-B) has led to
much interest in and new insights into the
effects of sex hormones on various tissues
including the skin. The aim of this chapter
is to review the actions of sex hormones
on the skin, specifically estrogen and
testosterone, and to examine the roles of
these hormones in skin aging.

SYNTHESIS OF SEX
HORMONES AND THEIR
DECLINE DURING AGING

Sex hormones are mainly synthesized in
the gonads and the adrenal glands of
humans. During puberty, both the male
and female gonads begin to secrete testos-
terone. The prostate, a male secondary
sex organ, can convert testosterone into
the more potent dihydrotestosterone
(DHT), which has an affinity 5 times as
strong for the androgen receptor. During
the female reproductive years, most of
the testosterone produced by the ovaries
is converted into estradiol (17B-estradiol),
the physiologically active and most abun-
dant estrogen during this time period.

TABLE 5-1

Types of Estrogen, Their Origin, and When Each Type Prevails

ESTROGEN TYPE STAGE OF PRODUCTION/PREVALENCE
Estradiol (E2) Reproductive years

Estriol (E3) Pregnancy

Estrone (E1) Postreproductive years

The other two types of physiologic estro-
gens are estrone and estriol. Estrone is the
predominant estrogen after menopause,
and estriol is synthesized by the placenta
during pregnancy (Table 5-1). In the
adrenal gland, the precursor to both
estrogens and androgens is dehy-
droepiandrosterone (DHEA), a derivative
of cholesterol. DHEA is converted into
androstenedione in the adrenal gland.
Both androstenedione and DHEA, which
by themselves have weak androgenic
activity, can enter the systemic circulation
and be converted into testosterone or
estrogen by peripheral target cells. The
enzyme responsible for this conversion is
aromatase. Both men and women have
the ability to convert testosterone into
estradiol via this enzyme. Besides the
gonads, other tissues containing aro-
matase, and hence the ability to make
estradiol or testosterone from DHEA, are
bone, brain, vascular tissue, fetal liver,
placenta, adipose tissue, and the skin®*
(Table 5-2).

As both men and women age, the lev-
els of DHEA and DHEAS (its sulfate ester
that can be measured in serum) produced
by the adrenal glands begin to decline, so
that by 70 to 80 years of age peak concen-
trations are only 10% to 20% of those
found in young adults.” This steady
decline in DHEA and DHEAS has been
termed “adrenopause,” for the associated
decline in the adrenal secretion of
DHEA/DHEAS,’ although the levels of
glucocorticoids and mineralocorticoids
(other adrenal hormones) stay relatively
constant throughout life. Since many age-

TABLE 5-2
Tissues That Contain Aromatase

Gonads

Bone

Brain

Vascular tissue
Fetal liver
Placenta
Adipose tissue
Skin

RELATIVE POTENCY

Most potent
Least potent

SYNTHESIZED BY

Ovaries
Placenta
Fat cells, adrenal glands

related disturbances have been reported
to begin with the decline of this hormone,
there has been much interest in the use of
DHEA (available as an over-the-counter
supplement) as a replacement therapy in
aging. In one randomized, double-blind,
controlled trial examining men and
women aged 60 to 88 years with low
serum DHEAS levels, DHEA replacement
therapy for 1 year improved hip bone
mineral density;% however, most other
studies examining the effects of DHEA
administration in the elderly have dis-
played mixed results. Furthermore, the
risks of DHEA supplementation and its
specific mechanisms of action are unclear.
Adrenopause, or a drop in DHEA and
DHEAS, is independent from menopause.
Menopause is the cessation of menses
that occurs as ovarian follicles diminish
over time, with a subsequent decline in
serum estradiol levels. Men also have an
age-associated decline in gonadal secre-
tion of testosterone, termed “andropause”
for decline in androgen levels, and it is
associated with various symptoms, such
as sexual dysfunction, hypogonadism,
and psychologic changes.” While meno-
pause is a rapid decline in circulating
estradiol and a subsequent abrupt onset
of symptoms, in men testosterone begins
to decrease gradually at an average rate of
1% per year, starting from age 197 The rea-
son(s) for this steady androgen decline in
men are not as well understood as
menopause in women, but the decline is
attributed to decreased secretion of GnRH
(gonadotropin-releasing hormone, secreted
by the hypothalamus)® (Table 5-3).

TABLE 5-3

Menopause, Andropause, and
Adrenopause. These Age-Related
Conditions are Characterized by a Decline
in the Hormones Listed

CoNDITION HoRMONE THAT DECREASES
Menopause Estrogen (Estradiol)
Adrenopause DHEA/DHEAS
Andropause Androgens
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ESTROGEN AND ANDROGEN
RECEPTORS IN THE SKIN

All steroid hormones, such as estradiol
and testosterone, exert their biologic
action by binding to nuclear receptors,
thereby initiating transcription and trans-
lation of proteins. While the classic estro-
gen receptor (ER-o) was discovered in the
1970s, ER-B was discovered and isolated
from human tissue in 1996.° Since then,
studies have shown that ER-B is the pre-
dominant estrogen receptor in human
skin and highly expressed in the epider-
mis, blood vessels, dermal fibroblasts,
and outer root sheath of the hair follicle
(the location of the bulge and stem cells).
ER-a and the androgen receptor (which
can bind testosterone or DHT) are
expressed only in dermal papilla cells of
the hair follicle.!”'" All three receptors are
also found in sebaceous glands.!®!! In
eccrine sweat glands, ER-B is highly
expressed as are, to a lesser extent, andro-
gen and progesterone receptors.’’ Recent
studies of human adipose tissue found
that sex hormone receptors differ by site,
with ER-B being highly expressed in sub-
cutaneous tissue.'”? With all these recent
findings, it is clear that sex hormones are
involved in the proliferation, differentia-
tion, and function of the skin, adnexal
structures, as well as fat, and that this reg-
ulation is far more intricate than previ-
ously thought. In addition, the recent
description of the ER-B receptor (ER-
B1-5) isoforms has made this subject
more complex."?

. SEX HORMONES AND ACNE

Both estrogen and androgen receptors
are expressed in sebaceous glands,!®!!
and both hormones are known to have
an effect on these structures. During
puberty, the increase of androgenetic
hormones triggers sebaceous gland
growth with increased release of sebum.
This sebum is a source of nutrition for
skin bacteria such as Propionibacterium
acnes. Proliferation of these bacteria leads
to greater production of inflammatory
factors, causing inflammation and pus-
tule formation clinically seen as acne.
Estrogens, however, demonstrate anti-
inflammatory properties by decreasing
neutrophil chemotaxis,'® thereby coun-
teracting the inflammatory effects of
P acnes. In contrast, androgens prolong
inflammation,!* and therefore com-
pound their negative effects, resulting in
worsened acne. This may help to
explain why so many young women
with acne benefit from the particular

hormonal combinations found in oral
contraceptives. These agents are espe-
cially useful for patients with the triad of
acne, hirsutism, and abnormal menstrual
periods. In fact, some oral contraceptives
such as Ortho TriCyclen® and Yaz® have
received FDA approval for use in the
treatment of acne. These oral contracep-
tives can relieve the symptoms of acne
by reducing the amount of circulating
androgens. They also stimulate the
production of sex hormone-binding
globulin, thus reducing free and biologi-
cally active testosterone derived from
both the ovaries and adrenal glands. At
the same time, they suppress the ovarian
production of testosterone by direct
gonadotropin suppression.

Hormones also play a role in adult
female acne. As women approach
menopause and their estrogen levels
decrease, the actions of androgens are
unmasked. Testosterone stimulates the
sebaceous glands to produce sebum, as is
seen in puberty, leading to an increase in
acne. Many female patients are surprised
to find themselves with acne well into
adulthood. Current studies demonstrate
that androgen levels in patients with
acne are higher than those in controls,
and the fact that people with androgen
insensitivity syndrome do not develop
acne also points to androgens as the
main culprit in this condition.”® Local
factors, other than androgen plasma lev-
els, contribute to androgen levels in the
skin and thus the development of acne.
Since the skin contains enzymes such as
aromatase, it can convert precursor hor-
mones into more potent androgens such
as testosterone and DHT at the cellular
level. For a more extensive discussion on

acne, (see Chapter 15).

SEX HORMONES AND
HAIR GROWTH

The hair follicle cycle is characterized by a
petiod of growth (anagen), followed by a
petiod of regression and remodeling (cata-
gen), and a period of rest (telogen). During
pregnancy, there is an increase in the
amount of anagen hairs secondary to the
increase in estradiol. After giving birth,
telogen effluvium is triggered by the rapid
drop in estrogen, and is further sup-
pressed in women who breastfeed
because of the inhibitory effects of pro-
lactin, a peptide hormone associated with
lactation, on estrogen production.
Postmenopausal women often experience
a similar decrease in hair density owing to
the decline in estradiol and the subse-
quent unmasking of androgen effects.

For many decades androgens have
dominated hair growth research. A com-
monly prescribed drug for hair loss,
finasteride (Propecia®), blocks the con-
version of testosterone to DHT by
inhibiting the enzyme 5-a-reductase
type II. Regarding treatment of hair loss,
finasteride is a pregnancy category X,
thus contraindicated for women in their
childbearing years who intend to have
children. It is indicated for men with
male pattern hair loss, and may be effec-
tive for the treatment of androgenetic
alopecia, or male pattern hair loss, in
postmenopausal women.'® As both
androgen and estrogen receptors are
found in the hair follicles, theoretically
either of them can be targeted for
the treatment of patterned hair loss.
Furthermore, as the aromatase enzyme
is located in the hair follicle and the seba-
ceous gland, these tissues can be both
target and source for estrogen or testos-
terone. While ER-B is found in the bulge
region, ER-a and androgen receptors are
found in the dermal papilla. The hair
cycle is self-renewing because of the
presence of stem cells in the bulge. It is
thought that cells in the dermal papilla
send a signal to the stem cells in the
bulge to differentiate and ultimately
restart the anagen phase. While it is
known that the dermal papillae regulate
hair growth and have receptors for
androgens and ER-B, the sequence of sig-
nals that regulate hair growth has not
been elucidated. What is clear is that
estrogens and androgens are intimately
involved in this process.

Gender differences in hair exist as evi-
denced in the commonality of androge-
netic alopecia, which occurs but is much
less common in women. This gender
difference may be attributable more to
the inherent enzyme content within hair
follicles than to serum hormone levels.
For instance, Sawaya and Price!” exam-
ined the levels of 5-a-reductase types I
and II, aromatase, and androgen recep-
tors in hair follicles of women and men
with androgenetic alopecia and found
that the women had a six-fold greater
aromatase level in frontal hair follicles
than the men, giving them the ability to
convert weaker sex hormone precursors
into stronger ones. These authors also
determined that the women had three-
and three-and-a-half-fold less 5-a-reduc-
tase types [ and II, respectively, in their
hair follicles than the men did in their
frontal hair follicles, thus reducing the
women’s ability to synthesize the more
potent form of male hormone, DHT,
which is responsible for hair miniatur-
ization and eventual loss.”” Sawaya and



Price’” concluded that these differences
in androgen receptor and steroid-con-
verting enzymes may account for the
different clinical presentations of
androgenetic alopecia in women and
men. A similar study examining andro-
gen receptor and steroid-converting
enzymes should be undertaken in
women and men with normal hair
growth as well as those with other hair
growth disorders.

SEX HORMONES AND
AGING SKIN

While skin quality deteriorates because
of the synergistic effects of chronologic
time, photoaging, and environmental
factors such as smoking and poor nutri-
tion, the results of hormonal decline
with age on the quality of skin are also
significant and worthy of examination.
Young skin is often associated with
acne, oiliness, and thick scar or keloid
formation, while the clinically apparent
changes associated with aging skin
include skin thinning (notably, not in all
layers) and atrophy, loss of elasticity,
dryness, increased wrinkling, and poor
wound healing but cosmetically better
surgical scars. While androgen and
estrogen receptors are found in the epi-
dermis, sebaceous glands, and hair folli-
cles, it is primarily ER-B that is local-
ized in the fibroblasts of the dermis,
and it is the fibroblasts that synthesize
collagen, hyaluronic acid, elastin, and
other components of the extracellular
matrix.!®!! Therefore, of the sex hor-
mones, it is mainly estrogen that
controls the fibroblast. Collagen is
responsible for imparting strength and
structure to the skin; elastin confers its
elasticity; and hyaluronic acid content
directly leads to an increase in water-
holding capacity. Together, these con-
stituents provide the resilience and full-
ness to the skin that is associated with
youth, while the lack of these con-
stituents leads to wrinkles, the feature
most emblematic of aged skin.

In the fourth and fifth decades of life,
many women begin to notice changes
in their skin that are associated with
changes seen in menopause. Most post-
menopausal women complain of skin
thinning and dryness, an increase in
wrinkles, and decreased elasticity of the
skin. In fact, studies have shown that as
much as 30% of skin collagen (both
type I, which confers strength to the
skin, and type III, which contributes to
the elasticity of skin) is lost in the first
5 years after menopause,'® and total

collagen levels are estimated to decline
on an average of 2% per post-
menopausal year over a period of 15
years.' In a study by Affinito et al. that
evaluated the effects of aging and post-
menopausal hypoestrogenism on type I
and type III collagen content in the skin
of premenopausal and postmenopausal
women, a decrease in skin collagen was
more closely related to years of post-
menopause than to chronologic age.'®
While collagen content seems to
quickly diminish with increased post-
menopausal years, several studies
demonstrate that postmenopausal
women who start receiving hormone
replacement therapy (HRT) with estro-
gen have an increase in skin collagen
content,'*?? with as much as a 6.5%
increase in skin collagen content after 6
months of estrogen replacement.”! In a
study by Brincat et al. examining differ-
ent regimens of estrogen replacement
therapy in postmenopausal women, the
authors found that all regimens of
estrogen therapy under consideration
increased skin collagen content and that
estrogen replacement therapy is pro-
phylactic in women who have higher
skin collagen levels and both prophylac-
tic and therapeutic in women with
lower skin collagen levels."” Similarly, a
study by Castelo-Branco et al. examin-
ing skin collagen changes and HRT in
postmenopausal women at 0 and
12 months of treatment showed that
various forms of HRT with estrogen-
induced increases in skin collagen
content in postmenopausal women,
whereas the postmenopausal control

BOX 5-1

group had significant decreases when
assessed at the same time points®’
(Box 5-1). In another study by Brincat et
al.”® examining skin collagen changes in
postmenopausal women receiving topi-
cal estradiol applied to the abdomen
and thigh, the authors noted a strong
correlation between the change in skin
collagen content and the original skin
collagen content, indicating that the
change in response to estrogen therapy
is dependent on the original collagen
level, and that there is no further
increase in collagen production once an
“optimum” skin collagen level is
reached. This study is particularly note-
worthy insofar as it suggests that there
is a therapeutic window in which estro-
gen exerts its maximal effect in stimu-
lating collagen production.

Estrogen can also combat skin dryness
by decreasing transepidermal water loss.
In a study by Piérard-Franchimont et al.
that examined transepidermal water loss
in menopausal women, the authors found
that women receiving transdermal hor-
mone replacement with estrogen exhib-
ited a significantly increased water-hold-
ing capacity of the stratum corneum as
compared with menopausal women not
receiving hormone replacement.? In
addition, in a study examining changes in
transepidermal water loss and cutaneous
blood flow during the menstrual cycle,
Harvell et al. found that transepidermal
water loss was higher on the day of mini-
mal estrogen/progesterone secretion as
compared with the day of maximal estro-
gen secretion on both back (p = 0.037)
and forearm (p = 0.021) skin in normal

Hormone replacement therapy (HRT), already in widespread use primarily to reduce the risk of osteo-
porosis, gained much attention, and some notoriety, when one of the studies in the Women’s Health
Initiative (WHI) was halted in 2002, The National Institutes of Health (NIH) National Heart, Lung, and
Blood Institute (NHLBI) halted the Prempro phase (HRT phase) of the WHI during the summer of 2002
because of a higher than expected rise in breast cancer, heart attacks, strokes, and blood clots in the
legs among this cohort as well as the failure of the expected benefits to materialize. The two studies
consisted of an HRT phase, estrogen plus progestin in women with a uterus, and the estrogen
replacement therapy (ERT) phase in women without a uterus. HRT is sometimes recommended for
women who have undergone natural menopause; ERT is more appropriate for women whose
menopause is surgically-induced. The ERT phase of the WHI ended in 2006. Follow-up of the women in
both studies is scheduled to conclude in 2010. Over 16,000 women were randomized in the HRT
phase to estrogen + progestin or placebo and approximately 10,000 women in the ERT phase were
likewise randomized to estrogen or placebo. Few of the participants were taking HRT (13% in the HRT
cohort and 6% in the ERT cohort), though the numbers that had ever used HRT were three-fold higher.
[t has been suggested that the results of these studies are not generalizable to premenopausal/peri-
menopausal women, who are more likely to be experiencing menopausal symptoms, because many of
the women in the study may not have been experiencing menopausal symptoms any longer.

Women should decide on the appropriateness of HRT or ERT therapy in medical consultation
based on the individual’s specific risk factors and medical profile. See the NIH Web site
(http://www.nhlbi.nih.gov/health/women/pht_facts.pdf) for more information.
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women.” The use of topical estrogen has
been shown to increase epidermal thick-
ness in postmenopausal women.?5%
However, whether the beneficial effects
of estrogen on skin dryness are attribut-
able to its influence on the fibroblast and
an increase in hyaluronic acid content,
with the concomitant increase in water-
retaining capacity of the dermis, or a
direct effect of estrogen on the epidermis
remains unclear.

While the number of sebaceous
glands remains the same during life, as
androgen levels decline with advanced
age, sebum levels tend to decrease.?®
Although the level of surface lipids falls
with age owing to decreased sebaceous
gland function, paradoxically the seba-
ceous glands become larger, rather than
smaller, as a result of decreased cellular
turnover.?®

Subcutaneous fat is also important
when it comes to maintaining the
appearance of youth, and fat distribu-
tion is another area where sex hormones
play a vital role. In postmenopausal
women, the decrease in estrogen and
the unmasking effects of systemic
androgens lead to central fat accumula-
tion. In a study by Dieudonne et al.
examining androgen receptors in mature
human adipocytes, androgen binding
sites were found to differ by location,
with twice as many androgen binding
sites in intra-abdominal fat than in sub-
cutaneous fat.?’ This finding was the
same for fat deposits in men and
women.” Another study by Dieudonne
et al. investigating the location of estro-
gen receptors in mature human
adipocytes of both men and women
found that the predominant estrogen
receptor was ER-a and that its level of
expression was the same regardless of
origin (intra-abdominal or subcutaneous
fat).®” These results suggest that the
deposition of subcutaneous fat is mainly
influenced by estrogen, while the deposi-
tion of abdominal fat is more androgen-
dependent.

SEX HORMONES AND
WOUND HEALING

Sex hormones also influence wound
healing. It has recently been demon-
strated that the mechanism by which
estrogen can regulate the production of
connective tissue molecules, namely
collagen and hyaluronic acid, is by
increasing the production of TGF-B,* a
key modulator of wound healing. In a
randomized, double-blind study by
Ashcroft et al. that examined the

effects of topical estrogen on cuta-
neous wound healing in healthy
elderly men and women after receiving
punch biopsies and related these
effects to the inflammatory response
and local elastase levels (a matrix met-
alloproteinase known to be upregu-
lated in chronic wounds); it was found
that compared to placebo treatment,
estrogen treatment increased the
extent of wound healing in both
elderly males and females.!® These
authors further determined that estro-
gen treatment was associated with a
decrease in wound elastase levels sec-
ondary to reduced neutrophil numbers
and decreased fibronectin degradation.
Similarly, an observational study
showed that HRT recipients are
approximately 30% to 40% less likely
to develop a venous leg ulcer or a pres-
sure ulcer than nonrecipients.*” In
contrast, androgens appear to prolong
inflammation and inhibit wound heal-
ing.!*3%%% Estrogen also promotes
wound healing by increasing tissue
expression of vascular endothelial
growth factor (VEGE), an effect that is
antagonized by androgens; therefore,
estrogen can promote neovasculariza-
tion that is necessary for wound
healing while androgens inhibit it.*

As estrogen has a direct stimulatory
role on dermal fibroblasts, it also affects
scarring. Aged skin is associated with a
reduced rate of cutaneous wound heal-
ing and improved quality of scarring,
while young skin heals quickly but often
with thick, visible scars. Keloids and
hypertrophic scars are generally condi-
tions of youth, owing to an increase in
TGEF-B production by dermal fibroblasts,
while scarless wound healing is a char-
acteristic of fetal skin that, like aged
skin, has lower levels of TGF-B.% As
estrogen is known to increase TGEF-f3,
and is therefore profibrotic, antiestro-
gens such as tamoxifen have been
shown to decrease TGE- levels’%% and
are antifibrotic. Therefore, tamoxifen or
other estrogen receptor modulators may
be useful in improving scar cosmesis.

HORMONE REPLACEMENT
THERAPY

The therapeutic benefits of HRT on eas-
ing postmenopausal symptoms or
improving bone density have been
known for many years. However, the
benefits of HRT on skin aging and
wound healing are just beginning to be
explored. While many postmenopausal
women would derive great cutaneous

benefits from estrogen therapy, as estro-
gens are known to affect several organ
systems, this subject is best addressed
on a case-by-case basis and as part of a
team approach with other physicians so
that all risks and benefits are weighed.
The primary risks associated with HRT
are related to breast cancer and cardio-
vascular health; the primary benefits
include relief of menopausal symptoms
(such as vasomotor instability, sexual
dysfunction, mood fluctuation, and skin
atrophy) and a decrease in fracture risk.
Current recommendations specify that
HRT should only be used short term, for
moderate to severe vasomotor symp-
toms, and primarily in younger women
who are close to menopause (early
menopause or first 5 years after
menopause). It is important to note that
estrogen-containing creams are con-
traindicated for women who have been
diagnosed with estrogen-responsive
cancers. Regarding the use of topical
versus oral estrogens, topical estrogens
are easily absorbed (hence the popular-
ity of estrogen replacement in patch or
gel form), but the cutaneous route
avoids hepatic first-pass metabolism
and high plasma levels of estrogen
metabolites are associated with oral
administration.

B summARY

For centuries, women have noted skin
changes following menopause. Multiple
studies show that women experience
decreased skin thickness with a related
reduction in the amount of skin collagen
that occurs most rapidly in the first five
postmenopausal years. Skin dryness
may be related to decreased levels of
hyaluronic acid as well as epidermal
thinning. For these reasons, oral or topi-
cal HRT may be useful to prevent such
changes in postmenopausal women.
While men do not experience the same
abrupt decline in sex hormones as
women do with menopause, their char-
acteristic hormonal composition also
undergoes a decline with age, as wit-
nessed by changes in their skin and
other organ systems. Whether the skin
of elderly men would benefit from
hormone replacement, and in what
combination, is another vast subject
worthy of exploration. While estrogen
promotes wound healing and testos-
terone seems to inhibit it, treating men
with estrogens long term would cer-
tainly have a feminizing effect. Perhaps
future research into sex hormones and
aging skin should focus on hormone



receptor or tissue enzyme modulators.
Currently, most of these agents are
being developed and utilized in the field
of oncology.

Hormonal influences on the health

and function of skin are an important
topic in dermatology that warrant due
consideration by the cosmetic practi-
tioner in assessing health or prescreen-
ing patients’ skin prior to performing
corrective procedures. The beneficial
effect of estrogen on collagen produc-
tion and in the promotion of wound
healing is clear. Future investigations
into the effects of sex hormones on the
skin and adnexa are likely to indicate
that sex hormones constitute a promis-
ing target for therapeutic intervention in
both cosmetic and medical dermatology.

REFERENCES

1.

Liskowski L, Rose DP. Experience with a
simple method for estrogen receptor
assay in breast cancer. Clin Chim Acta.
1976;67:175-182.

Bassas E. Experimental studies on
seborheic alopecia. IIl. Localization of
testosterone receptors in human hairy
follicles. Med Cutan Ibero Lat Am. 1975;
3:77-79.

Bulun SE, Takayama K, Suzuki T, et al.
Organization of the human aromatase
p450 (CYP19) gene. Semin Reprod Med.
2004;22:5-9.

Simpson ER. Aromatase: biologic rele-
vance of tissue-specific expression. Semin
Reprod Med. 2004;22:11-23.

Genazzani AD, Lanzoni C, Genazzani
AR. Might DHEA be considered a benefi-
cial replacement therapy in the eldetly?
Drugs Aging. 2007;24:173-185.
Jankowski CM, Gozansky WS, Schwartz
RS, et al. Effects of dehydroepiandros-
terone replacement therapy on bone
mineral density in older adults: a ran-
domized, controlled trial. | Clin Endocrinol
Metab. 2006;91:2989-2993.

Mooradian AD, Korenman SG. Manag-
ement of the cardinal features of andro-
pause. Am ] Ther. 2006;13:145-160.
Keenan DM, Takahashi PY, Liu PY, et al.
An ensemble model of the male gonadal
axis: illustrative application in aging men.
Endocrinology. 2006;147:2817-2828.
Mosselman S, Polman J, Dijkema R.
ER-b: identification and characterization
of a novel human estrogen receptor.

FEBS Lett. 1996;392:49-53.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

28.

Thornton MJ, Taylor AH, Mulligan K| et
al. Oestrogen receptor beta is the predom-
inant oestrogen receptor in human scalp
skin. Exp Dermatol. 2003;12: 181-190.
Pelletier G, Ren L. Localization of sex
steroid receptors in human skin. Histol
Histopathol. 2004;19:629-636.
Pedersen SB, Brunn JM, Hube F et al.
Demonstration of estrogen receptor sub-
types alpha and beta in human adipose
tissue: influences of adipose cell differen-
tiation on fat depot localization. Mol Cell
Endocrinol. 2001;182:27-37.
Ashcroft GS, Greenwell-Wild T, Horan
MA, et al. Topical estrogen accelerates
cutaneous wound healing in aged
humans associated with an altered
inflammatory response. Am ] Pathol.
1999;155:1137-1146.
Kanda N, Watanabe S. Regulatory roles
of sex hormones in cutaneou biology
and immunology. | Dermatol Sci. 2005;
38:1-7.
Dekkers OM, Thio BH, Romijn JA, et al.
Acne vulgaris: endocrine aspects. Ned
Tijdschr Geneeskd. 2006;150:1281-1285.
Trueb RM. Finasteride treatment of pat-
terned hair loss in normoandrogenic
postmenopausal women. Dermatology.
2004;209:202-207.
Sawaya ME, Price VH. Different levels of
5-alpha-reductase type I and II, aro-
matase, and androgen receptor in hair
follicles of women and men with andro-
genetic alopecia. J Invest Dermatol. 1997;
109:296-300.
Affinito P, Palomba S, Sorrentino C, et al.
Effects of postmenopausal hypoestro-
enism on skin collagen. Maturitas.
1999;38:239-247.
Brincat M, Versi E, Moniz CF et al. Skin
collagen changes in postmenopausal
women receiving different regimens of
estrogen therapy. Obstet Gynecol. 1987;
70:123-127.
Patriarca MT, Goldman KZ, Dos Santos
JM, et al. Effects of topical estradiol on
the facial skin collagen of postmeno-
pausal women under oral hormone ther-
apy: a pilot study. Eur | Obster Gynecol
Reprod Biol. 2007;130:202-205.
Sauerbronn AV, Fonseca AM, Bagnoli VR,
et al. The effects of systemic hormonal
replacement therapy on the skin of post-
menopausal women. Int ] Gynaecol Obstet.
2000;68:35-41.
Castelo-Branco C, Buran M, Gonzalez-
Metlo J. Skin collagen changes related to
age and hormone replacement therapy.
Maturitas. 1992;15:113-119.
Brincat M, Versi E, O’'Dowd T, et al. Skin
collagen changes in postmenopausal
women receiving oestradiol gel. Matu-
ritas. 1987;9:1-5.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Piérard-Franchimont C, Letawe C, Gofin
V, et al. Skin water-holding capacity and
transdermal  estrogen therapy for
menopause: a pilot study. Maturitas. 1995;
22:151-154.

Harvell J, Hussona-Saeed I, Maibach HIL
Changes in transepidermal water loss and
cutaneous blood flow during the men-
strual cycle. Contact Dermatitis. 1992;27:
294-301.

Creidi P, Faivre B, Agache P, et al. Effect of
a conjugated oestrogen (Premarin) cream
on aging facial skin. A comparative study
with a placebo cream. Maturitas. 1994;
19:211-223.

Fuchs KO, Solis O, Tapawan R, et al. The
effects of an estrogen and glycolic acid
cream on the facial skin of postmenopausal
women: a randomized histologic study.
Cutis. 2003;71:481-488.

Zouboulis CC, Boschnakow A. Chrono-
logical aging and photoaging of the human
sebaceous gland. Clin Exp Dermatol.
2001;26:600-607.

Dieudonne MN, Pecquery R, Boumediene
A, et al. Androgen receptors in human
preadipocytes and adipocytes: regional
specificities and regulation by sex steroids.
Am ] Physiol. 1998;274: C1645-C1652.
Dieudonne MN, Leneveu MC, Giudicelli
Y, et al. Evidence for functional estrogen
receptors alpha and beta in human adi-
pose cells: regional specificities and regu-
lation by estrogens. Am | Physiol Cell
Physiol. 2004;286:C655-C661.

Ashcroft GS, Dodsworth ], van Boxtel E, et
al. Estrogen accelerates cutaneous wound
healing associated with an increase in TGF-
betal levels. Nat Med. 1997;3:1209-1215.
Margolis DJ, Knauss J, Bilker W.
Hormone replacement therapy and pre-
vention of pressure ulcers and venous leg
ulcers. Lancet. 2002;359:675-677.

Gilliver SC, Wu E Ashcroft GS. Regul-
atory roles of androgens in cutaneous
wound healing. Thromb Haemost. 2003;
90:978-985.

Fimmel S, Zouboulis CC. Influence of
physiological androgen levels on wound
healing and immune status in men. Aging
Male. 2005;8:166-174.

Adzick NS, Lorenz HP. Cells, matrix,
growth factors, and the surgeon. The
biology of scatless fetal wound repair.
Ann Surg. 1994;220:10-18.

Chau D, Mancoll JS, Lee S, et al
Tamoxifen downregulates TFG-beta pro-
duction in keloid fibroblasts. Ann Plast
Surg. 1998;40:490-493.

Mikulec AA, Hanasono MM, Lum J, et al.
Effect of tamoxifen on transforming
growth factor betal production by keloid
and fetal fibroblasts. Arch Facial Plast
Surg. 2001;3:111-114.

G 431dVHO

NIXS ONIDY ANV SINOIWHOH

33



301L0Vdd ANV S31dIONIHd "AD0TOLVIANEIA OILINSOD

34

CHAPTER 6
Photoaging

Leslie Baumann, MD
Sogol Saghari, MD

As life expectancy has increased and
“baby boomers” have begun to enter
middle age, interest has increased in
slowing the aging process. Implied in this
escalating interest is the confidence that
greater scientific knowledge and
advancements in technology may allow
us to control the physical manifestations
of aging. In the meantime, more and
more people are becoming aware of the
external factors implicated in premature
aging. Although dermatologists have dis-
cussed, since the end of the 19th century,’
the notion that sunlight contributes to
premature aging, there remains a great
need for education to convince people of
the hazards posed by sun exposure.

The consequences to the skin of
chronic sun exposure are readily appat-

ent when one compares the exposed
skin of the face, hands, or neck to the
unexposed skin of the buttocks, inner
thigh, or inner arm (Fig. 6-1). This sun
damage can be highlighted by using a
Wood’s lamp, blue light, or an ultravio-
let camera system, rendering the epider-
mal pigment component more notice-
able (Figs. 6-2, 6-3, and 6-4). Showing
such results to sun-seeking patients can
prove useful in convincing them of the
havoc that the sun has wreaked on their
skin.

The sun is not the sole source or
cause of skin aging. It is the major exter-
nal cause among several components,
both endogenous and exogenous. This
chapter will concentrate, though, on the
role of the sun on the extrinsic aging
process of the skin, also known as pho-
toaging.

B skin AGING

There are two main processes of skin
aging, intrinsic and extrinsic. Intrinsic

A FIGURE 6-1 Comparing the sun-exposed surface of the forearm to the non-sun-exposed surface

demonstrates the sun’s ability to cause skin changes.

aging reflects the genetic background of
an individual and results from the
passage of time. It is inevitable and, thus,
beyond voluntary control. Extrinsic
aging is engendered by external factors
such as smoking, excessive use of alco-
hol, poor nutrition, and sun exposure,
which in many cases can be reduced
with effort. This process, then, is not
inevitable and, by definition, refers to
premature skin aging. It is believed that
as much as 80% of facial aging can be
ascribed to sun exposure.”

INTRINSIC VERSUS
EXTRINSIC AGING

Intrinsically aged skin is smooth and
unblemished, with exaggerated expres-
sion lines but preservation of the nor-
mal geometric patterns of the skin.
Under the microscope, such skin
demonstrates epidermal atrophy, flat-
tening of the epidermal rete ridges, and
dermal atrophy.® Collagen fibrils are not
thickened but are elevated in number
with an increase in the collagen III to
collagen I ratio.*

Extrinsically aged skin appears pre-
dominantly in exposed areas such as the
face, chest, and extensor surfaces of the
arms. It is a result of the total effects of a
lifetime of exposure to ultraviolet
radiation (UVR). Clinical findings of
photoaged skin include wrinkles and
pigmented lesions such as freckles,
lentigines, and patchy hyperpigmenta-
tion, and depigmented lesions such as
guttate hypomelanosis (Fig. 6-9).
Interestingly, a study in the Journal of the
Ametican Medical Association reported
that children with the tendency to
freckle developed 830% to 40% fewer
freckles when treated with an SPF 30
sunscreen daily as compared to children
not treated with a sunscreen.” This
study illustrates the importance of sun
protection in the prevention of these
pigmented lesions that not only make
the skin appear older, but also are
known to be associated with an
increased risk of melanoma. Other signs
of skin aging include a loss of tone and
elasticity, increased skin fragility, areas
of purpura owing to blood vessel
weakness, and benign lesions such as
keratoses, telangiectasias, and skin tags
(Fig. 6-6). Glogau developed a photoag-
ing scale that is used to classify the
extent of clinical photodamage (Table
6-1). Patients with a significant history



A FIGURE 6-2 Facial skin of 25-year-old with normal lens. Sun damage is barely visible.

A FIGURE 6-3 Photoaging is accentuated by using UV light.

of sun exposure may score higher on
this scale than expected for their age,
just as patients with a history of mini-
mal sun exposure may achieve a score
lower than expected for their age.

The histopathologic alterations in
photoaged skin are easily distinguished
and characterized by elastosis (Fig. 6-7).
Photoaged skin is also marked by epi-
dermal atrophy and discrete changes in
collagen and elastic fibers. In severely
photoaged skin, the collagen fibers are
fragmented, thickened, and more
soluble.® Elastic fibers also appear frag-
mented and may exhibit progressive
cross-linkage and calcification.” These
alterations in collagen and elastic fibers
have been demonstrated to worsen with
continued UV exposure.

AGED SKIN

Regardless of the etiology of skin aging,
there are important characteristics of
aged skin that must be considered.
These changes occur throughout the
epidermis, dermis, and subcutaneous
tissue and can result in wide-ranging
alterations in the topography of the
skin.

I CHARACTERISTICS OF

Epidermis

Although age-related changes in the
dermis are more pronounced than those
in the epidermis, the epidermis does
exhibit such alterations. Some studies
suggest that aged skin displays a thinner
epidermis,®® but other studies do not
bear such findings out.”!’ Most studies
are in agreement, though, that the
thickness of the stratum corneum is un-
changed with aging. One study demon-
strated that the spinous layer of a wrin-
kle is thinner in the bottom or valley of
the wrinkle than the spinous layer at the
wrinkle’s flanks.!! This study also
showed that fewer keratohyaline gran-
ules are present in the base of a wrinkle
as compared to its flanks (Fig. 6-8).
Unlike the stratum corneum, the
junction of the epidermis and dermis is
altered in aged skin. Aged epidermis
exhibits a flattening of the dermal-
epidermal junction (DE]) with a corre-
spondingly smaller connecting surface
area. One study of abdominal skin
showed that the surface area of the DE]
decreased from 2.64 mm? in subjects
aged 21 to 40 years to 1.90 mm? in sub-
jects aged 61 to 80 years.'? This loss of
DEJ surface area may lead to the
increased fragility of the skin and may
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A FIGURE 6-4 Photoaging as seen under blue light.

A FIGURE 6-5 Photograph of idiopathic guttate hypomelanosis.

also result in less nutrient transfer
between the dermis and epidermis.

DECREASED CELL TURNOVER The epider-
mal turnover rate slows from 30% to
50% between the third and eighth
decades of life.” Kligman demonstrated
that stratum corneum transit time was
20 days in young adults and 30 or more
days in older adults.”® This lengthening
of the cell cycle corresponds to a pro-
longed stratum corneum replacement
rate and decelerated wound healing. In
fact, it has been shown that older
patients take twice as long to re-epithe-
lialize after dermabrasion resurfacing
procedures when compared with
younger patients.' The slow cell cycle is
combined with less effective desquama-
tion in many elderly individuals. The
result is the development of heaps of
corneocytes that render the skin surface
dull and rough in appearance. Con-
sequently, many cosmetic dermatolo-
gists employ products such as hydroxy
acids or retinoids to “speed up” the cell
cycle with the belief that a faster
turnover rate will ameliorate skin
appearance and accelerate wound heal-
ing after cosmetic procedures.

Dermis

Elderly individuals exhibit a loss of
approximately 20% of dermal thickness."*
Examination of the structure of the aged
dermis reveals that it is relatively acellu-
lar and avascular.® Aged dermis is further
characterized by changes in collagen
production and the development of frag-
mented elastic fibers. The dermis that
has been exposed to ultraviolet light also
manifests disorganized collagen fibrils
and the accumulation of abnormal
elastin-containing material ' (Fig 6-7).
The three components of the dermis
that have received the most attention in
antiaging research are collagen, elastin,
and glycosaminoglycans.

COLLAGEN Awareness of the importance
of collagen in the aging process has led to
the manufacture of many collagen-
containing topical products as well as
injectable materials such as Zyderm,
Zyplast, CosmoDerm, CosmoPlast, and
Evolence. Other components in targeted
topical products, such as vitamin C and
glycolic acid, owe some of their popularity
to the claims that these agents can increase
collagen synthesis. These products are
usually labeled as “antiwrinkle creams.”
Although wrinkles are common, it is inter-
esting that little is really known about
their pathogenesis.'® This may be due to



A FIGURE 6-6 Photoaged skin shows telangectasias, solar lentigos, and wrinkles.

the fact that neither an animal model nor
an in vitro model of wrinkling has been
established. It is well established, how-
ever, that alterations in collagen seem to
be important in the aging process, which
accounts for the popularity of “antiaging,”
collagen-containing products.

Collagen constitutes 70% of dry skin
mass.”” The collagen in aged skin is char-
acterized by thickened fibrils organized
in rope-like bundles, which are in disar-
ray as compared to the organized pattern
seen in younger skin.® Type I collagen
comprises 80% and type III collagen
comprises approximately 15% of the
total skin collagen of young skin.
However, as the skin ages, the ratio of
type III to type I collagen has been
shown to increase (meaning that there is
less type I collagen with aging).!®
Collagen type I levels were shown to
decrease by 59% in irradiated skin;'® this

reduction was found to correlate with
the extent of photodamage.”” It is known
that the overall collagen content per unit
area of skin surface decreases approxi-
mately 1% per year.?® Although type I
collagen is the most abundant in the
skin, the other types of collagen in the
dermis may also be affected by aging.

Collagen 1V, a key component in the
DEJ, provides a framework for other
molecules and is important in the
maintenance of mechanical stability.
Although studies have shown no
difference in collagen IV levels in sun-
exposed skin in comparison to nonex-
posed skin, a significant diminution of
collagen IV was found in the bottom of
wrinkles when compared to the flanks
of wrinkles (Fig. 6-8). This loss of colla-
gen IV may affect the mechanical stabil-
ity of the DEJ and contribute to wrinkle
formation.!!

TABLE 6-1

Glogau Photoaging Classification

Tvee | Tyee ll

No WRINKLES WRINKLES IN MoTioN

Usually in age Usually in age group
group 20s-30s late 30s—40s

Early photoaging Early-to-moderate

photoaging

Mild pigmentary Early senile
changes lentigines

No keratoses Palpable but not

Minimal wrinkles

visible keratoses
Parallel smile lines

beginning to appear

lateral to mouth

Tyee lll Type IV
WRINKLES AT REST ONLY WRINKLES
Usually in age group Usually in age

50 or older group 60 or older
Advanced photoaging Severe photoaging

Obvious dyschromias,
telangiectasias
Visible keratoses

Persistent wrinkling

Yellow-gray skin

Prior skin
malignancies

No normal skin

Adapted from Glogau RG. Chemical peeling and aging skin. J Geriatric Dermatol. 1994;2(1):31.

Anchoring fibrils, made of collagen
VII, are important because they attach
the basement membrane zone to the
undetlying papillary dermis. Patients
with chronically sun-exposed skin have
been characterized as having a signifi-
cantly lower number of anchoring fibrils
when compared to normal controls. The
investigators who made this observa-
tion postulated that a weakened bond
between the dermis and epidermis
owing to loss of anchoring fibrils leads
to wrinkle formation.”! Interestingly, a
more recent study demonstrated that
this loss of collagen VII was more pro-
nounced at the base of the wrinkle (sim-
ilar to that seen with collagen IV in the
same study)'" (Fig. 6-8).

The mechanism of action of how UVR
induces collagen damage has been well
characterized in the last decade. It is now
known that UVR exposure dramatically
upregulates the production of several
types of collagen-degrading enzymes
known as matrix metalloproteinases
(MMP). This occurs by the following
mechanism: UV exposure causes an
increase in the amount of the transcrip-
tion factor c-jun (c-fos is abundant with-
out UV exposure). These two transcrip-
tion factors, c-jun and c-fos, combine to
produce activator protein-1 (AP-1),
which activates the MMP genes resulting
in production of collagenase, gelatinase,
and stromelysin. It has been demon-
strated in humans that MMPs, specifi-
cally collagenase and gelatinase, are
induced within hours of UVB exposure.”?
Fisher et al. showed that multiple expo-
sures to UVB yield a sustained induction
of MMPs.*® Because collagenase degrades
collagen, long-term elevations in collage-
nase and other MMPs likely result in the
disorganized and clumped collagen seen
in photoaged skin. These MMPs may
represent the mechanism through which
collagen I levels are reduced following
UV exposure.

Mitogen-Activated Protein Kinases and
Aging Mitogen-activated protein kinases
(MAPKs) are serine—threonine protein
kinases, meaning they phosphorylate the
OH side chain of serine and threonine.
Significantly, they are involved in signal
transduction pathways for cell prolifera-
tion, differentiation, and apoptosis. Thus
far, four groups of MAPKs have been
identified: extracellular signal-regulated
kinases (ERKs), c-Jun amino-terminal
kinases (J]NKs), also known as stress-acti-
vated protein kinases (SAPKs), p38
kinase, and ERK5. ERKs are activated via
growth factors and play a role in cell pro-
liferation and differentiation. JNKs, on
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A FIGURE 6-7 Hematoxylin and eosin (H and E) stain of sun-damaged skin demonstrates signficant
elastosis in the dermis and multiple solar lentigos. (Image courtsey of George loannides, MD.)

the other hand, respond to stressful stim-
uli such as UV light, osmotic shock, or
cytokines,® and are involved in cellular
apoptosis.’* In addition, p38 kinase is
activated via stress-induced stimuli. It has
been demonstrated that a synchronized
inhibition of ERKs and activation of
JNK/p38 must be present for cellular
apoptosis, suggesting that a “balance”
among these groups influences cell sur-
vival versus death.”” The MAPKs have
been implicated in both intrinsic and
extrinsic aging of skin. Chung et al.
demonstrated that JNK activity is higher
and ERK activity lower in intrinsically
aged skin.”® As previously mentioned,
the combination of UV-induced c-jun

(through the JNK pathway), and naturally
expressed c-fos produces AP-1, which
promotes the degrading of collagen and
the extracellular matrix by increasing
MMPs.”” AP-1 has an additional impact
in collagen loss by decreasing collagen I
gene expression.® Therefore, some colla-
gen reduction in photoaged skin may be
explained by the role of AP-1 in both
increasing MMPs and decreasing collagen
synthesis.

ELASTIN Changes in elastic fibers are so
characteristic in photoaged skin that
“elastosis,” an accumulation of amor-
phous elastin material, is considered a
hallmark of photoaged skin. Thickening

Fewer keratohyaline granules
Thinner spinous layer
Decreased amounts of
collagen IV and VII

A FIGURE 6-8 The spinous layer is thinner and there are fewer keratohyaline granules in the valley of
the wrinkle. Levels of collagen IV and VIl are also decreased in the valley of a wrinkle when compared to

the flanks.

and coiling of elastic fibers in the papil-
lary dermis distinguish the alterations
induced by UV exposure. Continued UV
exposure leads to these same changes in
the reticular dermis.” Electron micro-
scopy examination of the elastic fibers
reveals an increase in the complexity of
the shape and arrangement of the fibers,
a decrease in the number of microfibrils,
a higher number of electron-dense inclu-
sions, and more interfibrillar areas.®
Elastin extracted from the skin of elderly
patients has been shown to contain small
amounts of sugar and lipids and an abnor-
mally high level of polar amino acids.’
The mechanism of these changes is not
as well understood as it is in collagen;
however, MMPs likely play a role
because MMP-2 has been shown to
degrade elastin.®

It is known that the initial response of
elastic fibers to photodamage is hyper-
plastic, resulting in increased elastic
tissue. The magnitude of this response
depends on the degree of sun exposure.
The second phase of response, seen in
aged elastic fibers, is degenerative,
resulting in reduced elasticity and
resiliency of the skin.***® Aged skin that
has suffered this degenerative response
manifests an alteration in the normal
pattern of immature elastic fibers, called
oxytalan, which are found in the papil-
lary dermis. In young skin, these fibers
form a network that ascends perpendic-
ularly from the uppermost portion of
the papillary dermis to just below the
basement membrane (Fig. 2-5 in
Chapter 2). As skin ages, this network
gradually disappears.® In fact, a loss of
skin elasticity has been shown to incre-
mentally increase with age.*® This loss
of elasticity may account for much of
the sagging often seen in the skin of
elderly individuals.

GLYCOSAMINOGLYCANS Glycosamino-
glycans (GAGs) are important mole-
cules because they can bind water up
to 1000 times their volume. The GAG
family includes hyaluronic acid (HA),
chondroitin sulfate, and dermatan sul-
fate, among many other constituents.
Numerous studies report that GAGs,
especially HA, are decreased in
amount in photoaged skin.*® However,
some conflicting studies report no
change in the amount of GAGs in aged
skin.¥”

A study by Uitto demonstrated that
photoaged skin exhibits a reduction in
HA and an increase in chondroitin
sulfate proteoglycans,® which, inter-
estingly, is a pattern also seen in scars.
In young skin, the HA is found at the



periphery of collagen and elastin fibers
and at the interface of these types of
fibers. Such connections with HA are
absent in aged skin.? Decreases in the
amount of HA, leading to its lack of
association with collagen and elastin
and decreased water binding, may
play a role in the changes seen in aged
skin including decreased turgidity,
diminished capacity to support
the microvasculature, wrinkling, and
altered elasticity.

MELANOCYTES The number of melano-
cytes decreases from 8% to 20% per
decade. This is displayed clinically
by a reduction in the number of
melanocytic nevi in older individuals.?
Because melanin absorbs carcinogenic
UV light, the skin of older patients is less
able to protect itself from the sun and,
consequently, is at greater risk for devel-
oping sun-induced cancers. It is for this
reason that sun protection is important
even for patients who feel it is “too late”
to begin adding a sunscreen to their skin
care regimens.

Vasculature

Many studies have shown that aged
skin is relatively avascular. One particu-
lar study demonstrated a 35% reduction
in the venous cross-sectional area in
aged skin as compared to young skin.*’
This reduction in the vascular network
is particularly obvious in the papillary
dermis with loss of the vertical capillary
loops. Such a reduction of vascularity
results in decreased blood flow, dimin-
ished nutrient exchange, impaired ther-
moregulation, lower skin surface tem-
perature, and skin pallor.

Subcutaneous Tissue

Elderly skin displays both a loss and a
gain of subcutaneous tissue that is site
specific. Subcutaneous fat is decreased
in the face, as well as the dorsal aspects
of the hands and the shins. Other areas,
however, such as the waist in women
and the abdomen in men, accumulate
fat with aging® (see Chapter 3).

UROCANIC ACID ISOMERS

The cutaneous barrier is the initial line
of defense, protecting other organs from
external antigens, bacteria, and viruses,
as well as UV light. Ultraviolet irradia-
tion is a well-known contributor to
decreased immunity of the skin, leading
to less recognition of abnormal cells and

I UV IRRADIATION AND

eventually development of skin cancers.
Trans-urocanic acid (trans-UCA), a
metabolite of histidine, is commonly
present in the epidermal skin layers. As
discussed in Chapter 11, histidine is
mostly derived from filaggrin in the epi-
dermis and gets converted to tramns-
UCA, which plays an integral role in
epidermal hydration. Following UV
exposure, trans-UCA is photoisomer-
ized into cfs-urocanic acid (cis-UCA), a
known photoreceptor for UV light
(Fig. 6-9). cis-UCA is a well-recognized
immunosuppressant in the skin.
Impaired delayed hypersensitivity
reaction and decreased function of
epidermal antigen-presenting cells
(Langerhans cells) occur following
exposure to cis-UCA through TNF-«
release.*”*! Interestingly, the effect of
cis-UCA is dose dependent.*” In addi-
tion to UV irradiation dose, skin pig-
mentation is an important factor. Fair-
skinned subjects have been shown to
produce more ¢js-UCA with lower
doses of UV light when compared to
darker-skinned individuals.*® It has been
suggested that ¢/s-UCA decreases the
ability of APCs to present the abnormal
cells and antigens to the immune system,
thereby contributing to UV carcinogene-
sis. ¥ However, the exact role of ¢is-UCA
in skin cancers is not well understood
and the few studies performed on this
subject have not revealed a direct asso-
ciation between the total UCA levels
and skin cancer. In a study by De Fine
Olivarius et al. of the total UCA and

Filaggrin

Histidine

Trans-urocanic acid

uv

Epidermal Cis-urocanic acid

Hydration

A FIGURE 6-9 Filaggrin breaks down into
cis-urocanic acid through the pathway shown.

percentage of ¢is-UCA in sun-exposed
and sun-protected areas of skin in
patients with a history of basal cell car-
cinoma (BCC), patients with malignant
melanoma, and healthy subjects, the
total UCA and c¢is-UCA levels did not
differ among the three groups, while
the percentage of cis-UCA was found
to be higher in patients with a history
of basal cell carcinoma (BCC) and
melanoma as compared to healthy indi-
viduals.* Another study conducted by
Snellman et al. also failed to demon-
strate a statistically significant increase
of UCA with UV exposure in subjects
with a history of BCC and melanoma.*®

RADICALS IN PHOTOAGING

Free radicals, also known as reactive
oxygen species, are composed of oxygen
with an unpaired electron and are created
by UV exposure, pollution, stress, smok-
ing, and normal metabolic processes.
They are suspected to be the cause, or at
least a major contributor, to the aging
process. There is evidence to suggest
that free radicals induce changes in gene
expression pathways that lead to the
degradation of collagen and accumula-
tion of elastin characteristic of pho-
toaged skin.®! Antioxidants neutralize
these reactive oxygen species by provid-
ing another electron, which gives the
oxygen ion an electron pair thereby
stabilizing it (see Chapter 35).

It has been demonstrated that follow-
ing a single dose of UV irradiation there
is an initial decrease in expression and
activity of antioxidant enzymes in the
cultured fibroblasts of skin. In this
study, the antioxidant enzymes increased
even to higher than pre-exposure levels
in a few days, probably as a defense
mechanism in preparation for more
potential UV exposure.

I THE ROLE OF FREE

TANNING AND ITS EFFECTS
ON THE SKIN

UV light stimulates the production of
melanin by causing a-melanocyte-
stimulating hormone (a-MSH) to be
secreted by keratinocytes. Redheads
have a defect in the proopiomelanocortin
(POMC) gene that prevents this tanning
response from occurring. Data recently
published in Cell showed that the tumor
suppressor protein p53, when “stressed”
by UV, activates the POMC gene, which
leads to both tanning and an increase in
B-endorphin.”® This may explain why
some people state that they feel good
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after tanning. Of course, many compa-
nies are looking at ways to safely stimu-
late p53 to create a “protective” tan but
much more research is necessary.

APPEARANGE
Dry Skin

Elderly people often display dry scaled
skin. This is due in part to the loss of
barrier function that occurs with
increasing age (see Chapter 11). Aged
skin exhibits increased transepidermal
water loss; therefore, it is susceptible to
becoming dry in low-humidity environ-
ments. The recovery of damaged barrier
function has been shown to be slower in
aged skin leading to an increased suscep-
tibility to dryness. This is caused by a
combination of factors including lower
lipid levels in lamellar bodies* and a
reduction in epidermal filaggrin (see
Chapter 11).° Roughness, wrinkling,
skin pallor, and the appearance of dark
and light spots also affect the appear-
ance and texture of aged skin. In addi-
tion, aged skin is typically characterized
by laxity, fragility, easy bruising, and
benign neoplasms.

I CHANGES IN SKIN

Benign Neoplasms in Aging Skin

The surface texture and appearance of
skin can change dramatically through
age with the emergence of acrochordons
(skin tags), cherry angiomas, seborrheic
keratoses, lentigos (sun spots), and seba-
ceous hyperplasias. It is not uncommon
for cosmetic patients to request removal
of these benign neoplasms. There are
several different destructive treatment
modalities available, such as hyfreca-
tion, curettage, and laser.

I TREATMENT

Many different topical agents and in-
office procedures are used to treat pho-
toaged skin. Most of these remedies
function by “resurfacing” the epidermis.
The goal is to remove the damaged epi-
dermis and, in some instances, dermis,
and allow them to be replaced with
remodeled skin layers. There is some
evidence that resurfacing procedures can
induce the formation of new collagen
with a normal staining pattern in con-
trast to the basophilic elastotic masses of
collagen present in photoaged skin.’!
Although there are several treatments
available for aged skin, prevention is still
paramount and should be emphasized
to all patients.

I PREVENTION

It is well established that sun avoidance
and sunscreen use are important adju-
vants to antiaging regimens. Obviously,
sun avoidance is not always possible and
hardly a popular behavioral adjustment
for many patients. However, patients
should be discouraged from engaging in
unnecessary sun exposure, particularly
between 10 AM and 4 PM, and any expo-
sure to tanning beds. Sunscreen should
be recommended for use on a daily basis,
even when the patient remains indoors.
Patients should be reminded that UVA
rays have the capacity to pass through
glass, thus individuals are at risk of solar
exposure even in their cars and homes as
well as at work. UVA shields can be
placed on windows, providing some pro-
tection. Sun protective clothing, such as
a broad-brimmed hat and SPF 45 cloth-
ing, should be encouraged for patients
planning any protracted exposure to the
sun. Many patients believe that their sun
exposure is minimal and does not war-
rant daily use of sunscreen. Use of a
Wood’s ora UV light to reveal solar dam-
age is a helpful way to convince patients
of the necessity of sun avoidance. Such a
demonstration will also make them
more likely to employ preventive mea-
sures, such as sunscreens, antioxidants,
and retinoids, when sun avoidance is im-
practical. Sunscreens, antioxidants, and
retinoids are discussed in upcoming
chapters.

B summARy

Rough, dry skin, mottled pigmentation,
and wrinkling epitomize the clinical
appearance of photoaging. Extensive or
severe photodamage can also be a precur-
sor to skin cancer. Despite increasing
awareness of the risks of prolonged sun
exposure, too many people remain
unawate that the proverbial “healthy tan”
is, in fact, evidence of photodamage and
indicative of premature aging. It is incum-
bent upon the dermatologist to educate
patients on the ravages of the sun, the
importance of sun avoidance and sun-
protective behavior, and, as always, tailor
treatments to individual patient needs.
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CHAPTER 7

Cigarettes and
Aging Skin

Leslie Baumann, MD
Sogol Saghari, MD

While there remains a good deal to learn
about the mechanisms and factors related
to intrinsic skin aging, scientists have a
stronger grasp of the numerous exogenous
factors implicated in the aging of skin,
among them sun exposure and lifestyle
choices such as smoking, drinking, and
poor nutrition. Of course, the internal
ramifications of smoking are much better
known than are the external results, but
more than two decades of epidemiologic
research findings indicate that smokers
indeed manifest greater facial aging and
skin wrinkling than nonsmokers.! This
chapter reviews the literature and dis-
cusses what is known about the effects on
skin of chronic cigarette smoking.

. HISTORICAL PERSPECTIVE

A relationship between smoking and
skin wrinkling was observed as long ago
as 1856.1° Despite this relatively early
recognition, scant research has focused
on the effects of smoking on the skin
and skin disease. Therefore, the effects
of smoking on skin are not nearly as well
understood as the strong correlation
between smoking and lung cancer,
emphysema, chronic bronchitis, heart
disease, and other serious systemic con-
ditions.®* Recent studies have suc-
ceeded, though, in filling in significant
gaps in knowledge regarding the typical
cutaneous manifestations of the sys-
temic alterations wrought by smoking,
and the potential mechanisms behind
such changes.

B sympTOMS

The characteristics typically cited as evi-
dence of “smoker’s face” (Fig. 7-1) or
“cigarette skin” include increased facial
wrinkling; a slightly red/orange com-
plexion; an ashen, pale, or gray overall
skin appearance; puffiness; and gaunt-
ness.”® A prematurely older appearance
is also a typical symptom of chronic
smoking. Boyd et al. reported that yel-
low, irregularly thickened skin forms
from the breakdown of the skin’s elastic

A FIGURE 7-1 Smokers characteristically develop lines around the mouth.

fibers as a result of smoking.? In 1999,
Demierre et al. noted that case—control
studies and other reports suggest a
higher prevalence of facial wrinkling
among smokers and that smokers, more
often than nonsmokers, appear older
than their stated age." A significant asso-
ciation between smoking and gray hair
was also observed in a different study.’

A German literature review article from
the mid-1990s concluded that smoking is
atleast culpable for promoting, if not actu-
ally causing, various skin changes.’ This
report noted the strong association
between cigarette smoking and yellowed
fingers as well as increased facial wrin-
kling, particularly in women. An elevated
incidence of precancerous lesions and
squamous cell carcinomas on lips and oral
mucosa, as well as vasospasms and deteri-
oration in large arteries and microvascula-
ture were also linked to cigarette smoking
in this report. In addition, smoking has
recently been shown in an observational
study to have a strong correlation with
androgenetic alopecia by dint of a multi-
factorial array of mechanisms.

THE MAJOR STUDIES

Results of a 1998 study suggest that
smokers do indeed incur a greater risk of
facial wrinkling and that this risk is not
mitigated by the introduction of hor-
mone replacement therapy (HRT).” In
this study, researchers set out to exam-

I HIGHLIGHTS OF SOME OF

ine the combined effects on the skin of a
protective factor (HRT) and a deleteri-
ous factor (smoking) by evaluating three
different groups of postmenopausal
women differentiated by smoking sta-
tus: lifelong nonsmokers, current smok-
ers, and former smokers. Results from
direct questioning (on smoking and HRT
status) and standardized visual assess-
ment revealed a relative risk of moder-
ate to severe wrinkling for current
smokers to be over twice that for life-
long nonsmokers. Further, lifelong non-
smokers on HRT exhibited lower facial
wrinkle scores than lifelong nonsmokers
who had never received HRT, but HRT
had little general effect on the facial
wrinkle scores of current smokers.

Boyd et al. echoed these results in
reporting that women seem to be more
affected than men, and light skin more
than dark skin. They also found that
while sun exposure, age, weight change,
and social status do not appear to play a
role in cutaneous manifestations of smok-
ing, the duration and amount of smoking
are significant factors in wrinkle develop-
ment. Further, in a study by Daniel, it was
found that people who had smoked for
less than 15 years and those who had
smoked less than half a pack daily were
just slightly more likely to exhibit salient
wrinkling. These individuals were far less
likely to be wrinkled than smokers of the
same age and sex who had smoked a
greater amount or over a longer period of
time.® Daniel hypothesized that genetic
predisposition may also play a role in



increasing the likelihood that some smok-
ers will develop facial wrinkling. He
stated that the cutaneous vasculature of
those who develop more wrinkles may
be more susceptible to damage from the
chemicals in tobacco products.” This,
however has not yet been proven.

In a 1995 cross-sectional study of 299
subjects who never smoked, 551 former
smokers, and 286 then-current smokers,
aged 30 to 69 years, a positive association
was observed between pack-years and
facial wrinkling in women and men
between the ages of 40 and 69 years. This
finding buttressed previous evidence that
facial wrinkling is more prominent
among smokers than people who have
never smoked.” In 1971, Daniel noted
much greater facial wrinkling among
smokers than nonsmokers across several
demographic scales (age, sex, and sun-
exposure groups), and concluded that
smoking, more than sun exposure, was
responsible for the subjects’ facial wrin-
kling.® In a more recent study to evaluate
the risk of premature facial wrinkling
caused by cigarette smoking, investiga-
tors considered the cigarette smoking sta-
tus, weight changes, average recreational
and occupational sun exposure in 1
month, as well as past medical and facial
cosmetic surgery as identified in self-
questionnaires answered by 123 non-
smokers, 160 current smokers, and 67
past smokers, aged 20 to 69 years. In line
with what has emerged as the prevailing
sentiment regarding the cutaneous seque-
lae of smoking, current smokers exhibited
a greater degree of facial wrinkling and
average skin roughness as compared to
nonsmokers and past smokers, even
those past smokers who had smoked
heavily at a younger age. Notably, micro-
scopic superficial wrinkling was observed
in the facial skin of young current smok-
ers aged 20 to 39 years."’

In 1991, Kadunce et al. reported on a
study of 132 adult smokers and non-
smokers. The researchers controlled for
age, sex, skin pigmentation, and sun
exposure and determined that sun expo-
sure and pack-years of smoking were
independently related to the observed
prevalence of premature wrinkling,
which increased with increased pack-
years of smoking."" Those individuals
considered heavy smokers (greater than
50 pack-years) were 4.7 times more
likely to be wrinkled as compared with
nonsmokers. The risk of excessive wrin-
kling was elevated over three-fold for
those subjects with more than 50,000
lifetime hours of sun exposure. Kadunce
et al., unlike Daniel, identified sun expo-
sure as the greater risk factor for prema-

ture wrinkling, but also noted a multi-
plicative effect in subjects who smoked
and absorbed significant sun exposure.'!

In a 1999 study of 82 smokers who
smoked more than 10 cigarettes per day
and 118 nonsmokers who had smoked
fewer than 100 lifetime cigarettes,
O’Hare et al. found that smoking
accounted for only 6% of the explained
variance after controlling for solar risk
behavior. The researchers concluded
that if smoking is implicated in wrin-
kling, its role is minor and that other
studies were unblinded or failed to con-
sider potential confounding variables.!?
Conversely, Smith and Fenske had pre-
viously found that the weight of the evi-
dence suggests that cigarette smoking
causes premature aging and wrinkling.?

In a British study, investigators evalu-
ated a random sample of 792 individuals
aged 60 years or older (71 was the mean
age of participants) registered with gen-
eral practitioners in Wales, UK to ascer-
tain the key etiologic factors in skin
wrinkling and assess the viability of
using skin wrinkling as an objective
measure of cumulative sun exposure.
Researchers gathered data between
1988 and 1991 during home visit inter-
views, in which subjects were asked to
estimate their average outdoor time
during three periods of life, and via
examination of the face, neck, and dor-
sal hand by an experienced dermatolo-
gist. Multiple logistic regression models
revealed that chronologic age and daily
cigarette smoking were the only factors
significantly linked to visible cutaneous
aging. In addition, the effects of smok-
ing 20 cigarettes daily were deemed by
the investigators to equate roughly to a
decade of natural intrinsic aging.'

In a study of the effects of smoking on
wrinkling and aging in males living in
Northern Finland, where there is a low,
cumulative sun exposure, eight panelists
estimated the smoking status, age, and
facial wrinkling of 41 smokers and
48 nonsmokers. Although clinical assess-
ment and computerized image analysis
revealed no significant differences in skin
wrinkling, smokers appeared older than
their age (an average of 2.1 years older)
to the panelists, who were able to iden-
tify most of the smokers based solely on
their facial features.™*

In another study, investigators con-
ducting a literature review on Medline
covering articles published from 1966 to
2004 that pertained to the cutaneous
effects of smoking found strong correla-
tions between smoking and a wide array
of dermatologic conditions, including
wrinkling and premature skin aging, as

well as poor wound healing, squamous
cell carcinoma, psoriasis, hidradenitis
suppurativa, hair loss, and oral cancers.'
The same review also found that smok-
ing affects the skin lesions associated
with AIDS, diabetes, and lupus.

In a recent study, 82 subjects aged 22 to
91 years were assessed for the effects of
smoking on photoprotected skin of the
inner arm. Forty-one subjects (50%) had a
history of previous or current smoking.
Subjects were followed for 1 year and the
evaluation was based on a 9-point scale in
which 0 and 8 represented “no fine wrin-
kling” and “severe fine wrinkling,” respec-
tively. Results were studied by a multiple
regression model in order to determine
skin aging with controlling variables such
as chronologic aging and hormone ther-
apy. Packs of cigarettes smoked daily
were found to be associated with wrin-
kling and to be a predictive variable of
aging in photoprotected skin.'s

SPECULATION ON ASPECTS OF
MECHANISM OF ACTION

Several bodily tissues endure wide-
ranging pharmacologic effects from the
over 1500 ingredients of cigarette
smoke. Although the clinical trials dis-
cussed above differed over the extent of
the impact of smoking on skin, it is cer-
tain that smoking alters skin function
and immune-mediated skin disease. For
example, lower stratum corneum water
content has been reported in smokers,"”
likely because of the diuretic effect of
nicotine.

Although little is known about the
mechanism through which cigarette
smoking manifests in facial wrinkling, the
dynamic is probably multifactorial.®
Matrix metalloproteinases (MMPs) likely
play a significant role in the premature
aging induced by cigarette smoking via
the same mechanism that MMPs cause
aging in patients with significant sun
exposure (see Chapter 6). A recent study
demonstrated that MMP-1 mRNA levels
are significantly increased in the skin of
smokers as compared to the skin of non-
smokers.'® Because MMPs are known to
degrade collagen, this finding may help
explain the mechanism by which smok-
ing causes premature aging. Other MMPs
are known to affect elastic fibers; there-
fore, these MMPs likely play a role as well
because the elastic fibers in the skin of
non-sun-exposed smokers appear thicker
and more fragmented than the elastic
fibers in the skin of nonsmoking age-
matched controls. These histopathologic
findings are similar to those seen in sun-
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damaged skin, though the smoking-
induced alterations occur deeper in the
reticular dermis as opposed to the solar
damage to the papillary dermis. In addi-
tion to the observed increased levels of
MMPs noted in the skin of smokers, there
are several other systemic and metabolic
alterations induced by smoking.

Smoking appears to reduce facial stra-
tum corneum moisture as well as vita-
min A levels, the latter of which is
important in fending off or neutralizing
the free radicals thought to contribute to
the etiologic pathway of aging. Of
course, genetic factors also play a role in
facial wrinkling because not all smokers
exhibit the typical “smoker’s face.”

Many studies discussing the changes
seen in the cutaneous microvasculature of
smokers show that chronic smoking
diminishes capillary and arterial blood
flow, leading to local dermal ischemia.!®
This compromised blood flow leads to
fewer nutrients and oxygen in the skin
with a concomitant build-up of toxic
waste products that can damage the skin.
In fact, it is well known that smoking
slows wound healing and that patients
are strongly advised to stop smoking prior
to any elective cosmetic surgery."” This is
especially important in face-lifts, laser
resurfacing, and dermabrasion procedures
because a good blood supply to the skin is
vital for a good surgical outcome.

Another confounding factor in the pro-
duction of facial wrinkling is infrared radi-
ation (IR). IR comprises 40% of the solar
radiation that reaches the earth and has
been associated with increasing the num-
ber and thickness of elastic fibers in
exposed skin. The effects of IR are felt as
heat, though the cutaneous results of such
exposure are similar to the elastosis
induced by UV exposure. This, along with
the fact that several studies have sug-
gested a link between exacerbated elasto-
sis and chronic exposure to heat in the
workplace, led investigators to conclude
that the presence of a continuous source
of heat such as a lit cigarette may have
contributed to an increase in the elastosis
observed in their patients who smoke."

Facial Wrinkles and Chronic
Obstructive Pulmonary Disease

Smoking is also the major risk factor for
the development of chronic obstructive
pulmonary disease (COPD). Not all
cigarette smokers develop COPD;
therefore, it is believed that individuals
who develop COPD have a genetic sus-
ceptibility to the effects of cigarette
smoke.?%?! In 2006, researchers found

that smokers with significant facial
wrinkles were more likely to have
COPD.? Collagen and elastin levels are
affected in both facial wrinkling and
COPD, so it is possible that these condi-
tions share common mechanistic or
genetic pathways. It has been suggested
that smokers with significant facial
wrinkles should be evaluated for COPD.

TREATMENT OF SKIN AGING
INDUCED BY SMOKING

Of course, cessation of smoking should be
the primary goal. There are many prod-
ucts available to help patients stop smok-
ing, including nicotine patches and gum,
as well as oral antidepressants such as
Zyban™. All patients should stop smok-
ing at least 1 month prior to any elective
surgery to enhance wound healing. All
cosmetic patients should be advised that
sun exposure and smoking undermine
efforts to look younger. However, if
patients insist on smoking, the addition of
an oral antioxidant vitamin formula (see
Chapter 34) and a topical retinoid (see
Chapter 30) may help prevent some of
the deleterious effects of smoking,
although this has not been studied or
proven. The “smoker’s wrinkles” around
the mouth can be treated with dermal
fillers such as CosmoPlast™, Juvéderm™,
or Restylane™ (see Chapter 23), or with a
very small amount of botulinum toxin (see
Chapter 22). A more permanent improve-
ment option for these patients is der-
mabrasion or laser resurfacing. However,
perioral lines will rapidly reappear if the
patient continues or resumes smoking.

B summARY

The preponderance of evidence suggests
that cigarette smoking contributes to the
exogenous aging of skin. Dermatologists
are in a unique position to appeal to
patients’ vanity and to nudge them
toward cessation of a habit that poses
numerous risks and likely deleterious
effects on their health. The cosmetic der-
matologist may even have more leverage
in suggesting to patients who smoke that
continuation or resumption of smoking
can seriously compromise the efficacy
of any facial rejuvenation procedure.
Although there are many treatments
available for aging skin, there is no treat-
ment as effective as prevention itself!
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CHAPTER 8

Nutrition and
the Skin

Leslie Baumann, MD

Food is the only medicine that the aver-
age healthy individual requires on a
daily basis. Indeed, more than 2000
years ago, Hippocrates is said to have
offered: “Let food be your medicine, and
let medicine be your food.” It is from
such a perspective—that good nutrition
is a fundamental building block of good
general health and healthy skin—that
this discussion proceeds. Specifically,
this chapter will focus on some of the
key chemical components of a healthy
diet that have been shown to confer
benefits to the skin. In the process, cuta-
neous effects will be discussed in the
context of vegetarianism, as well as the
skin types of the Baumann Skin Typing
System. Attention will first be focused
on the effects of diet on acne, the most
common dermatologic condition, and,
finally, on oral supplementation.

There is copious research underway
now on the direct effects on health from
the consumption or supplementation of
various nutrients. A significant propor-
tion of such work focuses specifically
on the potential benefits conferred to
the skin through the intake of certain
foods or supplements. For instance, in
2008, a cross-sectional study of 302
healthy men and women collected data
on serum concentrations of nutrients,
dietary consumption of nutrients, as
well as various cutaneous measurements
(including hydration, sebum content, and
surface pH), revealing statistically signifi-
cant relationships between serum vitamin
A and cutaneous sebum content as well as
sutface pH as well as between skin hydra-
tion and dietary consumption of total fat,
saturated fat, and monosaturated fat. The
investigators concluded that such findings
are evidence that the condition of the skin
can be influenced by alterations in base-
line nutritional status.?

Il DIET AND ACNE

Acne vulgaris is one of the most common
conditions that prompt visits to a derma-
tologist. In 1998, it was believed that
acne affected as many as 40 to 50 million
people in the United States alone.® More

recently, estimates of acne prevalence
and incidence in Western populations,
while remaining high, have come closer
to 17 million in the United States*’ (see
Chapter 15). Interestingly, recent epi-
demiologic studies in non-Westernized
populations (i.e., Inuit, Okinawan
Islanders, Ache hunter-gatherers, and
Kitavan Islanders) in which acne is rare,
indicate that dietary factors, including
glycemic load, may play a role in the
development of this condition, particu-
larly since incidence of acne has risen in
these communities in association with
the adoption of Western lifestyles.”

Accordingly, Cordain, has argued per-
suasively for abandoning the traditional
belief espoused in the dermatology
community since the early 1970s that
diet does not contribute to the patho-
physiology of acne. In particular, he
asserts that the dogma claiming that diet
and acne are unrelated has been based
on two fundamentally flawed studies
from 1969 by Fulton et al. and 1971 by
Anderson that lacked control groups,
statistical data treatment, as well as
blinding and/or placebos and were char-
acterized by inadequate sample sizes
and insufficient or absent baseline diet
data, among other deficiencies.®'%!!
Furthermore, Cordain contends that
substantial evidence has been amassed
since these two influential studies
revealing that alterations in hormonal
and cytokine homeostasis engendered
by diet have emerged as the leading can-
didates for exogenous influences on
acne development. Among such data is a
study suggesting that the regular, long-
term consumption of high glycemic
meals, which raise insulin concentra-
tions, may induce chronic hyperinsu-
linemia and insulin resistance, increasing
levels of insulin-like growth factor 1
(IGF-1) and decreasing levels of insulin-
like growth factor binding protein 3
(IGFBP-3), fostering keratinocyte prolif-
eration and corneocyte apoptosis.5>13
Other proximate causes of acne, such as
androgen-mediated sebum production
levels as well as inflammation, are also
affected by diet. Cordain notes that
insulin and IGF-1 incite the synthesis of
androgens as well as sebum and inhibit
the hepatic production of sex hormone-
binding globulin, resulting in higher lev-
els of circulating androgens.®

In 2007, Smith et al. investigated the
effects of a low-glycemic-load diet on
acne lesion counts in 43 males between
the ages of 15 and 25 years. The experi-

mental diet, over the 12-week, parallel
design study with investigator-blinded
skin evaluations, included 25% energy
from protein and 45% from low-
glycemic-index carbohydrates and the
control group diet focused on carbohy-
drate-rich foods without regard to the
glycemic index. The low-glycemic-load
participants experienced larger reduc-
tions in the number of acne lesions,
weight, and body mass index and a
greater improvement in insulin sensitiv-
ity than the subjects consuming the con-
trol diet.!* In the same cohort of
patients, Smith et al. also compared the
impacts from an experimental low-
glycemic-load diet with those from a
conventional high-glycemic-load diet on
acne. Subjects following the interven-
tion diet, which included recommenda-
tions to eat more fish, exhibited lower
lesion counts than the high-glycemic
control group after 12 weeks, and expe-
rienced greater reductions in weight and
free androgen index in addition to
elevated insulin-like growth factor bind-
ing protein-1 as compared to controls.
While calling for additional research,
the investigators concluded that these
findings reflect an active role in acne eti-
ology of nutritional choices.!” While
accepting this overarching argument by
Smith and colleagues, Logan suggested
in response that aspects other than a
low-glycemic index in the experimental
diet, particularly its status as being
lower in saturated fats as well as much
higher in polyunsaturated fats and fiber,
may account for hormonal alterations
and inflammation that affect acne.’® He
added that greater consumption of fish,
which contains anti-inflammatory
omega-3 fatty acids, may have rendered
the intervention diet higher in polyun-
saturated fats and had a mitigating effect
on acne. To further this work by Smith
et al., Logan recommended research
using high-fiber, high-omega-3 fatty
acid, and low saturated-fat diets.

Such concerns were at least partially
answered by a more recent report by
Smith et al. An investigation using data
on the same patients revealed a correla-
tion between an elevated ratio of satu-
rated to monounsaturated fatty acids of
skin surface triglycerides and decreased
acne lesion counts in the low-glycemic-
load diet group as compared to controls
after 12 weeks. An increase in monoun-
saturated fatty acids in sebum was also
associated with greater sebum secretions.
The authors concluded that desaturase
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enzymes may influence sebaceous
lipogenesis and the emergence of acne,
but suggest that more research is neces-
sary on the interplay of sebum gland
physiology and diet.”” While additional
research, particularly well controlled
dietary intervention trials, is warranted
and may prove revelatory in clarifying
the contributory roles of specific foods
in the etiologic pathway of acne,
Cordain identifies increased consump-
tion of foods high in omega-3 polyun-
saturated fatty acids (PUFAs), thus
reducing the ratio of omega-6 to omega-
3 fatty acids, as important in attacking
the inflammatory aspect of acne.®

Acne and Milk

The possibility of an association between
dietary consumption of dairy products
and acne has been long considered,
though it has largely been overwhelmed
by the dogma of the last few decades
denying a connection between diet and
acne eruptions.

In an assessment of Nurses Health
Study 1II data of 47,355 women who
completed questionnaires on high
school diet in 1998 and teenage acne
diagnosed by a physician as severe in
1989, Adebamowo et al. identified a
positive relation between acne and con-
sumption of total milk and skim milk,
which they speculated might be attrib-
uted to the hormones and bioactive
molecules present in milk."® In a critical
response to this article, Bershad ques-
tioned the retrospective nature of the
study, namely the accuracy of distantly
recalled dietary habits. In addition, she
suggested that the authors failed to con-
trol for the subjects’ heredity, national-
ity, and socioeconomic status, and erred
in ascribing a correlation to causation.
Finally, she concluded that the most
notable result of this study was not the
purported link between milk consump-
tion and acne, but the finding that acne
is not caused by pizza, French fries, and
sweets.”” In a rebuttal, Adebamowo
countered that the study population was
similar socioeconomically by dint of job
similarity. Furthermore, the study popu-
lation comprised nurses of which 91.6%
were non-Hispanic white women resid-
ing in the 14 most populous US states in
1989. While stipulating that socioeco-
nomic status is a risk factor for acne
development,” he noted that accounting
for race and socioeconomic status in the
study models did not significantly alter
the study results. Adebamowo added
that the methods of his team were well
validated,”® and that their findings of a

positive relationship between milk con-
sumption and acne and no observed
association between certain foods and
acne warrant further investigation.'?

In 2006, Adebamowo et al. reported
results of a prospective cohort study
demonstrating a link between milk
intake and acne in 6094 gitls. The sub-
jects were 9 to 15 years old in 1996, when
they reported milk consumption on as
many as three food frequency question-
naires from 1996 to 1998. In 1999, ques-
tionnaires were used to evaluate the pres-
ence and severity of acne. Again, they
discerned a positive relationship between
milk consumption and acne develop-
ment, ascribing such cutaneous results to
the metabolic effects of milk.!

More recently, Adebamowo et al., fol-
lowing a prospective cohort study of
4273 boys who also responded to dietary
intake questionnaires from 1996 to 1998
and a teenaged acne questionnaire in
1999, reported a positive association
between the consumption of skim milk
and acne. The authors attributed these
findings to hormonal components in
skim milk, or factors that affect endoge-
nous hormones.”” Danby, a coauthor of
Adebamowo on these studies, while
acknowledging the unnatural aspect of
humans, particularly in postweaned
years, consuming copious amounts of
another species’ milk, has suggested that
qualitative and quantitative research is
necessary to ascertain the influence on
acne pathogenesis of steroid hormones
in all dairy products.”® He also noted that
Perricone’s acne prescription diet is
nearly devoid of dairy products,? and, in
fact, focuses heavily on anti-inflamma-
tory food ingredients and maintaining a
low-glycemic load.?* This may explain
the success of Perricone’s diet for the
skin.

Acne and lodine

In 1961, Hitch and Greenburg disproved
the notion of a direct causal connection
between acne and iodine intake as the
largest quantities of fish and other
seafood were consumed by adolescents
who exhibited the lowest acne rates in
their study.” However, in 1967, Hitch did
establish that iodine consumption can
aggravate acne.”® In response to the
Adebamowo et al. study on an associa-
tion between dairy intake during high
school and teenaged acne cited above,
Arbesman indicated that the iodine con-
tent of milk may have also contributed to
acne development in addition to the hor-
monal explanation proffered by the
investigators.”” He added that significant

levels of iodine have been identified in
milk in Denmark, Italy, Norway, the
United Kingdom, and the United States,
because of the use of iodine and iodophor
at various stages of the production
process, with variable levels of iodine in
milk based on geography and season.?®%*
In a reply to Arbesman, Danby coun-
ters that iodine deficiency poses a
greater health risk than overdosage, and
that iodine levels in milk appear to be
comparable to those found in human
mother’s milk. Furthermore, he suggests
that there are no data to uphold the
notion that comedonal acne is caused by
the ingestion of iodides.* The author
has not observed an association
between acne and iodine, either causally
or as an exacerbating factor, but notes
that Fulton, primary author of the 1969
study criticized by Cordain, argues that
in individuals prone to acne, iodine
excreted through the sebaceous glands
may in the process irritate the piloseba-
ceous unit and contribute to a flare-up.

Acne and Chocolate

While Cordain and others’ have
exposed the flaws in the methodologies
of the studies that denied a significant
link between nutrition and acne, partic-
ularly the study by Fulton et al. that
refuted a connection between chocolate
and acne, such debunking has not
undermined the basic truth happened
upon more than 30 years ago regarding
acne and chocolate. Cordain pointed out
that the actual treatment variable in the
Fulton study was an ingredient of the
tested bittersweet chocolate candy bar,
cacao solids, which were replaced with
partially hydrogenated vegetable fat in
the control bar. While suggesting that
the only logical conclusion of this study
was that cacao solids may not con-
tribute to the causal pathway of acne, he
also noted, among other criticisms, that
because subjects also consumed their
normal diets in addition to the 112-g test
or control bar daily for 4 weeks with no
baseline measurements, there was no
way of determining the quantity of
cacao solids consumed in either arm of
the study.® Indeed, it is likely that it is the
sugar that is added to various chocolate
delicacies that engenders multiple dele-
terious health effects if consumed with
regularity and over time, not the cacao or
chocolate ingredient. Evidence suggests
that sugar and sugar products may pro-
mote such cutaneous effects through the
glycosylation of proteins in the skin,**%
ultimately leading to skin wrinkling and
photoaging (see Chapters. 2 and 19).



Interestingly, rather than serving as a
culprit in acne pathogenesis, chocolate
has a history dating back at least since
the 1500s as a component in the medical
practices of the Olmec, Maya, and Aztec
peoples.®

Not only does chocolate per se not
directly cause acne (though a steady diet
of highly-sugared chocolate products
can certainly contribute to it), the Borba
product line now includes a Clarifying
Chocolate Bar made with Swiss dark
chocolate that is touted for its patented
formula that is said to have the opposite
effect on skin—actually clearing skin or
preventing breakouts. Of course, a
healthy dose of skepticism regarding the
potential contributory effects of a partic-
ular food toward acne is just as appro-
priate toward the notion of consuming a
supposedly healthier item to exert the
opposite effect. A consistent pattern of
good nutrition is likely the optimal
choice for overall health, total cutaneous
health, and reducing the risk of develop-
ing acne. It has long been known that a
diet rich in fruits and vegetables is ideal.
Much has been learned in recent
decades, though, regarding the chemical
constituents in such foods that may play
direct roles in health, including the
health of the skin. The beneficial activi-
ties exhibited by certain chemical ingre-
dients in foods have, in turn, been har-
nessed in various medications to exert
more direct effects. For instance,
retinoids are a form of vitamin A, which
has long been known to play a role in
acne. Notably, carotenoids are one of
the best dietary sources of vitamin A.

B cAROTENOIDS

Certain plant constituents have been
established as exerting photoprotective
effects as antioxidants, including carote-
noids, flavonoids and other polyphe-
nols, tocopherols, and vitamin C. In a
recent study, Stahl et al. demonstrated
that consumption of lycopene, which is
the primary carotenoid in tomatoes and
is also present in apricots, papaya, pink
grapefruit, guava, and watermelon, was
effective in preventing or curbing
sensitivity to ultraviolet (UV)-induced
erythema formation in volunteers con-
suming lycopene-rich products over 10
to 12 weeks.”

Stahl et al. previously investigated
whether the use of dietary tomato paste,
a rich source of lycopene, could deliver a
protective effect against UV-induced
erythema in humans. A solar simulator
was used to induce erythema in the
scapular area at the outset of the study

and after weeks 4 and 10. For a period of
10 weeks, 9 volunteers ingested 40 g of
tomato paste with 10 g of olive oil while
10 controls ingested olive oil only.
Carotenoid levels were equivalent
between the two groups at the begin-
ning of the study and there were no sig-
nificant differences between the groups
at week 4. There was neither change in
serum carotenoids in the control group
by week 10 nor in other carotenoids but
lycopene in the experimental group, but
those consuming tomato paste exhib-
ited higher serum levels of lycopene
accompanied by scapular erythema
development 40% less than controls.*’
In  subsequent experiments that
involved daily ingestion of tomato paste
(16 mg/d) for 10 weeks, Stahl and Sies
demonstrated similar results, with
increases measured in serum levels of
lycopene and total carotenoids in skin
and significantly less erythema forma-
tion after 10 weeks. They also deter-
mined that there is an optimal level of
protection associated with each
carotenoid micronutrient.*

In a placebo-controlled, parallel study
involving some of the same investigators,
the protective effects against erythema of
beta-carotene (24 mg/d) were compared
to those of the same dose of a carotenoid
combination of beta-carotene, lutein, and
lycopene (8 mg/d each) or placebo for
12 weeks. Erythema intensity before and
24 hours after irradiation with a solar light
simulator was recorded at baseline and
following 6 and 12 weeks of supplemen-
tation. Researchers noted diminished
intensity in erythema 24 hours after expo-
sure (at weeks 6 and 12) in both experi-
mental groups, with substantially less
erythema formation after 12 weeks in
comparison to baseline. While there were
no observed changes in the control group,
serum carotenoid levels increased signifi-
cantly also, three- to four-fold in the beta-
carotene group and one- to three-fold in
the mixed carotenoid group.”? In a more

recent study by several of the same inves-
tigators, the photoprotective effects of
synthetic lycopene were compared to the
effects of a tomato extract (Lyc-o-Mato)
and a beverage containing solubilized
Lyc-o-Mato (Lyc-o-Guard-Drink) after 12
weeks of supplementation. Significant
increases were observed in all groups in
terms of serum levels of lycopene and
total skin carotenoids and a protective
effect against erythema formation was
seen in all groups as well, but it was
substantially larger in the Lyco-o-Mato
and Lyc-o-Guard groups. The researchers
speculated that the carotenoid phyto-
fluene and carotenoid precursor phytoene
may have assisted in providing this addi-
tional photoprotection.*®

Finally, lutein and zeaxanthin, found in
leafy green vegetables, were supple-
mented for 2 weeks in the diets of female
hairless Skh-1 mice to determine the
cutaneous response to UVB. Investigators
observed significant reductions in the
edematous cutaneous response as well as
decreases in the UVB-induced elevation
in hyperproliferative markers.*

[l POLYPHENOLS

Comprising a broad range of more
than 8000 naturally-occurring com-
pounds, polyphenols are secondary plant
metabolites that exert varying degrees of
antioxidant activity. All of these diverse
substances share a definitive structural
component, a phenol or an aromatic ring
with at least one hydroxyl group.
Polyphenols are an exceedingly impor-
tant part of, and the most copious
antioxidants in, the human diet, and
found in a vast spectrum of vegetables,
fruits, herbs, grains, tea, coffee beans,
propolis, and red wine**® (Table 8-1).
Flavonoids are the most abundant
polyphenols in the human diet as well as
the most studied polyphenols, and can
be further divided into several cate-
gories. These subclasses include flavones

TABLE 8-1

Foods with Significant Polyphenol Levels*¢
VEGETABLES FRuits
Artichokes Apples/pears
Broccoli Apricots
Cabbage Berries (various)

MISCELLANEOUS

Cocoa
Coffee beans
Flaxseed/flaxseed oil

Eggplant Cherries Grains (e.g., wild rice)
Lettuce Citrus fruits Nuts

Olives Currants (red and black) Propolis

Onions Grapes Red wine

Soybeans Peaches Tea (green and black)
Spinach Plums
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TABLE 8-2

Subclasses of the Most Abundant Polyphenols, Flavonoids, and Food Sources of Each Class*®*2

FLAVONES FLAvonoLs FLAVANONES ~ ISOFLAVONES ~ FLAVANOLS (CATECHINS)
Celery Apples Oranges Soy Apples
Fresh parsley Broccoli Grapefruit Cocoa

Sweet red pepper  Olives
Onions
Tea (black and green)

(e.g., apigenin, luteolin); flavonols (e.g.,
quercetin, kaempferol, myricetin, and
fisetin); flavanones (e.g., naringenin, hes-
peridin, eriodictyol); isoflavones (e.g.,
genistein, daidzein); flavanols or cate-
chins (e.g., epicatechin, epicatechin 3-
gallate, epigallocatechin, epigallocate-
chin 3-gallate, catechin, gallocatechin);
anthocyanins (e.g., cyanidin, pelargoni-
din); and proanthocyanidins (e.g., pyc-
nogenol, leukocyanidin, leucoantho-
cyanin)**#® (Table 8-2). Among the many
other polyphenols there are stilbenes
(e.g., resveratrol, found in red wine), lig-
nans (e.g., enterodiol, found in flaxseed
and flaxseed oil), tannins (e.g., ellagic
acid, found in pomegranates, raspberries,
strawberties, cranberries, and walnuts),
hydroxycinnamic acids, and phenolic
acids, among which caffeic and ferulic
acids are frequently found in foods. A
survey of the research associated with
many of these compounds and their
sources is beyond the scope of this chap-
ter, as such a discussion could fill vol-
umes. Some of the most widely dissemi-
nated results involving polyphenols
pertain to the identified efficacy of vari-
ous topical applications of green tea cat-
echins, ferulic acid, resveratrol, and other
ingredients, which are discussed else-
where in this textbook.

One recent experimental success with
the oral ingestion of a polyphenolic com-
pound resulting in benefits to the skin
involved an as yet unmentioned food
source. In an investigation of the antiag-
ing effects of red clover isoflavones,
which in high levels in diets have already
been shown to contribute to low inci-
dence of menopausal symptoms as well
as osteoporosis, researchers orally
administered red clover extract contain-
ing 11% isoflavones to ovariectomized
rats for 14 weeks. Their findings revealed
that collagen levels increased signifi-
cantly in the treatment group as com-
pared to the control group and epidermal
thickness and keratinization was normal
in the treated group, but diminished in
the control group. The researchers con-
cluded that skin aging engendered by

Dark chocolate
Tea (black and green)

estrogen depletion can be mitigated by
regular dietary consumption of red clover
isoflavones.*” (See the Pigmented vs.
Nonpigmented section below for addi-
tional studies on the cutaneous effects of
orally administered polyphenols found in
pomegranates and grapes.)

ESSENTIAL FATTY ACIDS AND
VEGETARIAN/VEGAN DIETS

Nearly 25 years ago, investigators mea-
sured the omega-6 and omega-3 fatty
acids (also known as n-6 and n-3 fatty
acids, respectively) in the plasma phos-
pholipids of 41 adults with atopic
eczema and 50 normal controls and
found the omega-6 linoleic acid (LA) to
be significantly elevated, with all of its
metabolites likewise reduced, and the
omega-3 a-linolenic acid (ALA) ele-
vated, but not significantly, with all of
its metabolites substantially decreased.
The researchers identified a link
between atopic eczema and abnormal
metabolism. Oral evening primrose oil
(EPO) treatment partly rectified the
abnormal metabolism of omega-6, but
did not alter omega-3 levels.®
Subsequently, Galland noted data indi-
cating an association between poor
desaturation of linoleic and linolenic
acids by delta-6 dehydrogenase and
atopic eczema and other allergic condi-
tions, as well as the alleviation of atopic
eczema symptoms through dietary sup-
plementation with essential fatty
acids.’! Twenty years ago, investigators
conducting a 12-week, double-blind
study of the effects of dietary supple-
mentation with n-3 fatty acids in
patients with atopic dermatitis found
that the experimental group taking
eicosapentaenoic acid (EPA) experienced
overall less subjective severity and pruri-
tus than the control group taking a
placebo.” It appears that supplementa-
tion with n-3 fatty acids may ameliorate
symptoms of eczema in the short term.
Notably, levels of n-3 fatty acids are
depressed in vegetarians and vegans.

ANTHOCYANINS PROANTHOCYANIDINS
Blackberries Apples

Cherries Dark chocolate
Currants (black and red) ~ Grapes

Grapes Pears

Plums Red wine
Raspberries Tea (black and green)
Strawberries

Not all physicians embrace the utility of
dietary modifications in the treatment
of eczema. Of course, patient recom-
mendations should include advice on
bathing and skin moisturization (see
Chapters 11 and 32) as well as dietary
recommendations.

The dietary research in the 1980s
helped form the theoretical framework
that undergirds current studies of suit-
able sources for adjunct or alternative
therapies for atopic eczema, such as
hemp seed oil (which is rich in omega-6
and omega-3 fatty acids),® EPO,** and
borage 0il,”® as well as the significance
of varying levels of essential fatty acids
for individuals with vegetarian or vegan
diets as compared to omnivores.

An examination over a decade ago of
lipid metabolism in 81 healthy lacto- and
lacto-ovovegetarians and 62 nonvegetar-
ians buttressed previous studies that
revealed higher total serum polyunsatu-
rated acid concentrations, particularly
linoleic and linolenic acids, in vegetarians
compared to nonvegetarians. Significant-
ly higher plasma levels of vitamin C,
beta-carotene, and selenium as well as
vitamin E-to-cholesterol and vitamin E-
to-triacylglycerol ratios (indicators of
LDL and fatty acid protection, respec-
tively) were observed.® (See Table 8-3
for a summary of potential nutritional
deficits according to diet style.)

In an interesting matched-pair study
two decades ago, Melchert et al. com-
pared serum fatty acid content in 108
vegetarians (62 females, 40 males) and
108 nonvegetarians (70 females, 38
males). Palmitoleic (omega-7), vaccenic
(omega-7), and  docosahexaenoic
(omega-3) acids were higher in nonvege-
tarians, and very low in vegetarians, and
vegetarians exhibited higher levels of
LA.” More supportive evidence was
established in a study of essential fatty
acids and lipoprotein lipids in female
Australian vegetarians and omnivores,
as investigators found that the vegetari-
ans had significantly lower levels of n-6
and n-3 PUFAs and a lower ratio of n-3
to n-6 PUFAs.”® It is also important to



TABLE 8-3

Potential Nutritional Deficiencies Based on Diet

Vitamin D OmEeGA-3 FarTy Acips PoLYPHENOLS CHOLESTEROL?

Vegetarian X X
Vegan X XX X
Lactovegetarian XX X
Lacto-ovovegetarian X XX X
Typical Western diet X

Atkins diet followers XX

South Beach diet followers X (in first 2 wk)

X, likely deficient; XX, must supplement.

4ow levels of cholesterol lead to dry skin. Topical, but not oral, supplementation is suggested (see

Chapters. 11 and 32).

note, PUFAs are known to inhibit the
synthesis of eicosanoids derived from
arachidonic acid, and are thus effective
against allergic diseases.”

More recently, Davis and Kris-
Etherton have indicated that vegetarian,
particularly vegan, diets have been
shown to deliver lower levels of ALA
than LA, and especially low, if any, levels
of EPA and docosahexaenoic acid
(DHA), resulting in lower tissue levels of
long-chain n-3 fatty acids. Given such
low EPA and DHA levels as well as the
inefficient conversion of ALA to the
more active longer-chain metabolites
EPA and DHA, they suggest that vegetar-
ians may exhibit a greater dependence
on ALA conversion to its metabolites
and a corresponding greater need for n-3
acids than nonvegetarians.® In 2005,
investigators conducted a cross-sectional
study of 196 omnivore, 231 vegetarian,
and 232 vegan men in the United
Kingdom to compare plasma fatty acid
concentrations in order to ascertain if the
proportions of EPA, docosapentaenoic
acid (DPA), and DHA relied on strict
dietary adherence (data on which was
obtained through a questionnaire) or to
the proportions of LA and ALA in
plasma. While only minor differences
were observed in DPA levels, investiga-
tors noted reduced EPA and DHA levels
in vegetarians and vegans, whose DHA
levels were inversely correlated with
plasma LA. Interestingly, they found that
duration of adherence to dietary regi-
mens was not significantly related to
plasma n-3 levels. The researchers sug-
gested that the endogenous synthesis of
EPA and DHA is low but yields stable n-
3 plasma levels in individuals whose
diets exclude animal foods.®" Such find-
ings support the notion of vegetarian/
vegan diets providing sufficient n-3 fatty
acid concentration for survival. To opti-
mize cutaneous health and appearance,
though, vegetarians and vegans may

benefit from adding supplemental EPA
and DHA. It is worth noting that topi-
cally applied EPA has also been found to
exert photoprotective and antiaging
effects to the skin.%

Vegetarians Versus Nonvegetarians

As stated previously, vegetarians exhibit
lower levels of serum cholesterol, ALA,
EPA, and DHA and higher levels of
antioxidants than nonvegetarians. (For
example, a study of vegetarians esti-
mated lipid parameters in four different
groups of vegetarians, and noted higher
levels of vitamin C in the blood of all
four groups.®®) Furthermore, individuals
on a vegan diet for an extended period
may have little to no serum cholesterol.
Vegans also tend to have drier skin than
vegetarians.

The main dietary fat should be derived
from foods and oils rich in monounsatu-
rated fat. When monounsaturated fats
predominate, saturated fats, trans-fatty
acids, and n-6 fatty acids are counterbal-
anced, and the ratio of n-6 to n-3 fatty
acids improves as the proportion of
omega-3 acids increases. Nuts (except for
walnuts and butternuts), peanuts (a
legume), olive oil, olives, avocados,
canola oil, high-oleic sunflower oil, and
high-oleic safflower oil all contain appre-
ciable levels of monounsaturated fats.
(See Table 8-4 for a summary of foods
that may have an impact in ameliorating
dry skin.) Monounsaturated fats are bet-
ter to consume through whole foods as
compared to oils, or supplements,
because whole foods deliver several
other nutrients to the diet. Certain seeds,
nuts, and legumes (flaxseed, hempseed,
canola, walnuts, and soy) as well as the
green leaves of plants, including phyto-
plankton and algae, are the primary
sources of dietary ALA. As stated above,
fish, fish oil, and seafood are the best
sources of dietary EPA and DHA. For

TABLE 8-4
Foods that may Mitigate or Improve
Dry Skin%%-%6:60

Avocados

Borage seed oil

Canola oil

Evening primrose oil

Fish (particularly albacore tuna, lake trout,
mackerel, menhaden, and salmon)

Flaxseed oil

Hempseed

Nuts

Olive oil

Olives

Peanuts

Safflower oil (high-oleic)

Soy

Sunflower oil (high-oleic)

Walnuts

lacto-ovovegetarians, eggs provide an
adequate amount of DHA (=50 mg/egg)
but minimal EPA. Microalgae and sea-
weed are the only plant sources of long-
chain n-3 fatty acids.

Although vegetarian diets are gener-
ally lower in total fat, saturated fat, and
cholesterol compared to nonvegetarian
diets, they deliver comparable levels of
essential fatty acids. Clinical studies
have shown that tissue levels of long-
chain n-3 fatty acids are typically
depressed in vegetarians, particularly so
in vegans. However, vegetarians con-
sume approximately one-third less satu-
rated fat (vegans approximately one-
half) and approximately one-half as
much cholesterol (vegans consume
none) as omnivores.*

EPA/DHA, Immunoresponse
and Psoriasis
DHA has been shown to inhibit inflam-

mation and immunoresponses in the
contact hypersensitivity reaction in mice.
Investigators fed dietary DHA as well as
EPA to mice sensitized with 2,4-dinitro-
1-fluorobenzene. They found that 24
hours after the contact hypersensitivity
challenge, ear swelling was reduced by
DHA ethyl ester, but not EPA ethyl ester.
DHA also diminished the infiltration of
CD4* T lymphocytes into the ears, and
minimized the expression of interferon-
gamma, interleukin (IL)-6, IL-1beta, and
IL-2 mRNA in the ears. The researchers
concluded that the immunosuppressive
activity associated with fish oil should be
ascribed primarily to DHA and not its
fellow n-3 PUFA.% However, in clinical
trials, EPA and DHA in fish oils have,
combined with medication, been shown
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to ameliorate the skin lesions, reduce the
hyperlipidemia caused by etretinates
(which were removed from the Canadian
market in 1996 and the US market in
1998 because of elevated risks of birth
defects), and lower cyclosporin toxicity
in patients with psoriasis.®® Furthermore,
in a 14-day double-blind, randomized,
parallel group multicenter study in which
83 patients hospitalized for chronic
plaque-type psoriasis (with a Psoriasis
Area and Severity Index [PASI] score of at
least 15) were randomized to receive
daily intravenous administration of either
an omega-3 fatty acid-based lipid emul-
sion or an omega-6 emulsion, investiga-
tors observed greater improvements in
the omega-3 group in terms of dimin-
ished psoriasis severity, which was
echoed by patient self-assessment. The
researchers concluded that chronic
plaque-type psoriasis could be effectively
treated with intravenous omega-3 fatty
acids.®

WITH SKIN TYPE

The Baumann Skin Typing System
(BSTS), introduced in The Skin Type
Solution (Bantam 2005), is a novel
approach to classifying skin type (see
Chapter 9). The BSTS score, derived
from a self-administered questionnaire,
is based on the understanding that skin
can be assessed according to four major
parameters: oily versus dry (O/D), sensi-
tive versus resistant (S/R), pigmented
versus nonpigmented (P/N), and wrin-
kled versus tight (W/T). Sixteen differ-
ent skin type permutations are possible.
The discussion of dietary needs based
on skin type proceeds according to the
four major parameters. The center of the
spectrum is ideal for both the O/D and
S/R parameters. Dietary interventions
appear to be possible to render skin less
oily or dry, as well as less sensitive, but
not less resistant. Sensitive skin will be
discussed briefly in “the OSNW Skin
Type” section below, but primarily in
the context of comparing vegetarian and
nonvegetarian diets and nutritional
approaches to curbing inflammation,
which is a fundamental presentation of
all sensitive skin subtypes. Regarding
the P/N and W/T parameters, the N and
T poles are the ideals. While various
photoprotective behaviors are recom-
mended to achieve these ends, particu-
larly regarding the W/T spectrum, there
appear to be dietary interventions that
will promote or support these skin

types.

I MATCHING DIETARY NEEDS

Dry Skin

Fifteen years ago, investigators studied
79 vegetarians (51 females, 28 males) and
79 age- and sex-matched nonvegetarians
to assess the relative antioxidant/athero-
genic risks. Plasma alpha-tocopherol and
corresponding cholesterol values were
found to be significantly lower in the
vegetarians as was their risk for athero-
sclerosis, but their tocopherol-to-choles-
terol molar ratio was significantly
increased.” Such results explain the
higher incidence of dry skin in vegetari-
ans. Cholesterol is an important sub-
stance in maintaining a balance in the
oily—dry continuum. With more vitamin
E and less cholesterol, vegetarians are
more likely to experience dry skin (see
Chapters 11 and 32).

In a 6-week study of the mechanisms
and efficacy of n-3 PUFA for the treat-
ment of atopic dermatitis (AD), investi-
gators administered various formulas of
ALA in NC/Nga mice with AD, and
found that concentrations of n-3 fatty
acids increased and n-6 fatty acids
decreased in the red blood cell mem-
branes, prostaglandin E(2) production
was decreased, and skin blood flow was
altered, increasing in the ear of mice
treated with the highest dose of ALA.
The researchers, noted, however, that
AD development was not prevented.”

QOily Skin Types

In the adjusted models of the cross-sec-
tional study of 302 healthy men and
women cited above, serum vitamin A
acted as a predictor of sebum content
and surface pH, with a higher level of
vitamin A associated with a lower
sebum level.? Such findings suggest that
individuals with oily skin would benefit
from eating foods rich in vitamin A.
Indeed, dietary consumption of plants
and fish oil, high in PUFAs, is thought to
be useful in treating inflammatory skin
conditions because PUFAs are known to
inhibit lipid inflammatory mediators®
(see Chapter 10).

The OSNW Skin Type

Each of the Baumann Skin Types has
specific dietary needs. Because of
space constraints, each of the diets for
the 16 Baumann Skin Types cannot be
discussed here. However, as an exam-
ple of the utility in knowing the
patient’s Baumann Skin Type, the oily,
sensitive, nonpigmented, wrinkled
(OSNW) skin type will be briefly dis-
cussed. Individuals with OSNW skin are
at an increased risk of developing non-

melanoma skin cancer (basal cell or
squamous cell carcinoma). The dietary
guidelines that the author suggests for
such patients to help them reduce cuta-
neous inflammation as well as the pro-
clivity to wrinkle may also help decrease
their risk for skin cancer, though.®’
Generally, the diet for individuals with
OSNW skin should be focused on inhibit-
ing oil secretion, decreasing inflamma-
tion, and preventing photodamage and
skin cancer.

Dietary vitamin A has been demon-
strated to exhibit an association with
reduced oil gland secretion.” Therefore, a
diet rich in foods that contain vitamin A,
such as cantaloupe, carrots, dried apri-
cots, egg yolks, liver, mangoes, spinach,
and sweet potatoes, is recommended.
Several foods have also long been forti-
fied with vitamin A, including milk,
some margarine, instant oats, breakfast
cereals, and meal replacement bars. In
addition, carotenoids, which can be con-
verted into vitamin A, have been demon-
strated to exhibit inhibitory activity
against skin cancer.”” Two of the most
protective carotenoids are lycopene,
found abundantly in tomatoes, and
lutein, found especially in spinach, kale,
and broccoli.””? A diet rich in other
antioxidants, in addition to carotenoids,
is also recommended, including a wide
variety of fruits, vegetables, and green
tea. Antioxidants have been demon-
strated to help reduce the production of
free radicals and destructive enzymes
that promote skin aging. In addition,
olive oil has been shown to exhibit pro-
tective properties, especially imported
extra virgin olive oil.”®

A diet rich in fish and fish oils is also
recommended for OSNWs, due to the
high level of omega-3 fatty acids found
in such food sources. As stated previ-
ously, omega-3 fatty acids appear to
confer some anticancer and anti-
inflammatory effects.®*% Because vege-
tarians, particularly vegans, have been
shown to manifest low levels of serum
omega-3 fatty acids,” vegetarian or vegan
OSNWs should try to add seaweed, one
of the best plant sources of omega-3 fatty
acids, to their diet. (As stated previously,
though, vegetarians and, particularly veg-
ans, are more likely to tend toward dry
skin.) Individuals with OSNW skin who
suffer from rosacea, particularly facial
flushing, are advised to abstain from alco-
hol, hot (in temperature) foods, and spicy
food. In addition, such patients should be
counseled to keep a record or diary of
foods that exacerbate their condition, so
that they have a clear idea of specific
dietary triggers to avoid.



Pigmented Versus Nonpigmented
Skin Types

One focus of altering one’s suscepti-
bility to develop pigmentary changes
(melasma, solar lentigos) is the study of
endogenous agents that have the poten-
tial to impart whitening or lightening
activity. For example, vitamins C and E
have been reported to suppress the
spread of UV-induced hyperpigmenta-
tion in the skin of hairless mice.”* (See
Chapter 33 for more information on
these agents.)

In a recent double-blind, placebo-
controlled trial, investigators examined
the various effects of dietary ellagic acid-
rich pomegranate extract on skin pig-
mentation after UV irradiation in 13
women in their 20s to 40s. Volunteers
were randomly assigned to one of three
groups (high dose [200 mg/d ellagic
acid], low dose [100 mg/d] or placebo
[0 mg/d]) for the 4-week study. Subjects
completed questionnaires regarding the
condition of their skin prior to and after
completing the dietary intervention.
Based on the minimum erythema dose
(MED) value recorded the previous day,
a 1.5 MED dose of UV was administered
to each participant on the inner right
upper arm. Based on baseline recordings
and assessments at weeks 1, 2, 3, and 4,
investigators found that in the high
ellagic acid dose group and the low-dose
group in comparison to the control
group declining luminance rates were
inhibited by 1.73% and 1.35%, respec-
tively. Questionnaire results indicated
that the subjects observed improve-
ments such as greater brightness and
diminished pigmentation. The investi-
gators concluded that the oral consump-
tion of ellagic acid-rich pomegranate
extract exerts inhibitory activity against
moderate pigmentation engendered by
UV exposure.” Previously, several of the
same investigators reported that an
ellagic acid-rich pomegranate extract
displayed inhibitory properties against
mushroom tyrosinase in vitro, compara-
ble to the known skin-whitening agent
arbutin. In addition, they demonstrated
that oral administration of the pome-
granate extract inhibited UV-induced
skin pigmentation in brownish guinea
pigs, comparable in skin-whitening
effect to the use of L-ascorbic acid,
although the number of DOPA-positive
epidermal melanocytes was reduced by
the ellagic-rich pomegranate extract but
not by vitamin C. The investigators con-
cluded that oral pomegranate extract
may be a suitable skin-whitening agent,
likely by dint of suppressing melanocyte

proliferation and melanin production by
tyrosinase in melanocytes.”®

To determine the lightening activity
of orally administered grape seed
extract, which is laden with the potent
polyphenolic antioxidant proantho-
cyanidin, Yamakoshi et al. fed diets con-
taining 1% grape seed extract or 1% vit-
amin C for 8 weeks to guinea pigs with
UV-induced pigmentation. No changes
were seen in the vitamin C or control
groups, but a lightening effect was man-
ifested in the pigmented skin of the
guinea pigs in the grape seed extract
group, with a reduction in the number
of DOPA-positive melanocytes, among
other key parameters. In addition, grape
seed extract was reported to have dis-
rupted mushroom tyrosinase activity
and melanogenesis without suppressing
cultured B16 mouse melanoma cell
growth. The researchers concluded that
orally administered grape seed extract
has the capacity to lighten pigmentation
in guinea pig skin engendered by UV
exposure, possibly through the inhibi-
tion of melanin production by tyrosi-
nase in melanocytes as well as free radi-
cal-fueled melanocyte proliferation.”*
More recently, in a 1-year open design
study, Yamakoshi et al. evaluated the
effectiveness of proanthocyanidin for
the treatment of melasma. Between
August 2001 and January 2002, proan-
thocyanidin-rich grape seed extract was
orally administered to 12 Japanese
female melasma patients and to 11 of
these 12 subjects between March and
July 2002. Improvements in the
melasma of 10 of the 12 women were
noted during the first period of the study
and in 6 of the 11 patients during the
second period, with lightening values
increasing and the melanin index signifi-
cantly decreasing. The investigators
concluded that the polyphenolic grape
seed extract is effective in diminishing
the hyperpigmentation associated with
melasma, with optimal results seen after
6 months of oral administration and
additional supplementation perhaps
helping to prevent exacerbation of the
condition during the summer.”” As is
often the case, more research is neces-
sary, but these preliminary animal study
results support the notion of pomegran-
ate and grape seed consumption or sup-
plementation for combating the pig-
mentation tendency.

Pycnogenol is a standardized pine
bark extract containing strong polyphe-
nolic constituents with established
antioxidant activity. Research has sug-
gested that this patented botanical
extract formulation is more potent than

vitamins C and E and has the capacity to
recycle vitamin C, regenerate vitamin E
(as does vitamin C), and promote the
activity of endogenous antioxidant
enzymes.”® The efficacy of Pycnogenol
in protecting against UV radiation
inspired a 30-day clinical trial of
30 women with melasma in which
patients took one 25 mg tablet of
Pycnogenol at each meal, 3 times daily.
Researchers noted that the average surface
area of melasma significantly decreased,
suggesting that Pycnogenol is an effective
and safe treatment for this condition.”®

Wrinkled Skin Types

More than a decade ago, investigators
estimated the levels of certain vitamins
(i.e., A, C, E, and beta-carotene) and
trace elements (i.e., copper, selenium,
and zinc) in the blood of 67 vegetarian
nonsmokers and 75 nonvegetarians (all
between the ages of 34 and 60 years) liv-
ing in the same geographical region. The
average length of vegetarianism (lacto-
or lacto-ovovegetarianism) was 6.2
years. The investigators found that veg-
etarians had higher plasma levels of all
the tested vitamins and minerals, all of
which play important roles as antioxi-
dants or in activating antioxidant
enzymes.”’ In turn, such compounds are
associated with various salubrious
effects, including a photoprotective
effect against aging, exemplified most
frequently by wrinkles.

In a recent double-blind, placebo-
controlled trial assessing the effects of
soy isoflavone aglycone on the skin, par-
ticularly the extent of linear and fine
wrinkles at the lateral angle of the eyes,
of 26 women in their late 30s and early
40s, the volunteers were randomly
assigned to incorporate into their daily
diets for 12 weeks either the experimen-
tal food containing soy (40 mg daily) or a
placebo. Investigators observed statisti-
cally significant improvements of malar
skin elasticity at week 8 and fine wrinkles
at week 12 in the soy group, as compared
to the control group, and concluded that
the daily dietary consumption of 40 mg
of soy isoflavone aglycones contributes
to the amelioration of cutaneous signs of
aging in middle-aged women.®

In a fascinating study of a possible
association between dietary intake and
skin wrinkling in sun-exposed areas,
Purba et al. used questionnaires and
cutaneous microtopographic measure-
ments to evaluate diet and skin wrin-
kling in 177 Greek-born individuals
living in Melbourne, Australia, 69 Greek
subjects residing in rural Greece, 48
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Anglo-Celtic Australian elderly individ-
uals living in Melbourne, Australia, and
159 Swedish elderly participants living
in Sweden. Investigators identified the
Swedish elderly as exhibiting the least
wrinkling in sun-exposed areas, fol-
lowed by the Greek-born in Melbourne,
rural Greek elderly, and then Anglo-
Celtic Australians. Correlation and
regression analyses revealed significant
data that led the investigators to con-
clude that diet may very well influence
skin wrinkling. Generally, they found
that individuals that consumed more
vegetables (especially green leafy veg-
etables, spinach specifically, as well as
asparagus, celery, eggplant, garlic, and
onions/leeks), olive oil, monounsatu-
rated fat, and legumes and lower levels
of milk and milk products, butter, mar-
garine, and sugar products manifested
fewer wrinkles in sun-exposed skin
(Table 8-5). Significantly, the authors
suggested that diets high in monounsat-
urated acids may raise the monounsatu-
rated fatty acid levels in the epidermis,
which resist oxidative damage, whereas
the PUFAs are more susceptible to oxi-
dation. They speculated that this might
explain the correlation of monounsatu-
rated olive oil and less wrinkling as well
as the higher level of wrinkling associ-
ated with the consumption of polyun-
saturated margarine. Specifically, the
investigators identified positive associa-
tions between photodamage and dietary
intake of full-fat milk (but not skim milk,
cheese, or yogurt), red meat, potatoes,
soft drinks/cordials, and cakes/pastries.
Conversely, less actinic damage was
associated with vegetables and legumes,
as mentioned above, as well as apples/
pears, cherries, dried fuits/prunes, jam,
eggs, melon, multigrain bread, nuts,
olives, tea, water, and yogurt. Finally,
they noted that less photodamage was
correlated with a higher intake of the

TABLE 8-5
Foods to Consume and Avoid to Help
Keep Wrinkles at Bay®'
Ear Avoip
Asparagus Butter
Celery Margarine
Eggplant Milk and milk
Garlic products
Legumes Red meat
Leeks/onions Sugar products
Monounsaturated fat
Olive oil
Spinach (and other green

leafy vegetables)

following nutrients: total fat, especially
monounsaturated fat, vitamins A and C,
calcium, phosphorus, magnesium, iron,
and zinc.®!

LIMITS TO ENDOGENOUS PHOTOPROTECTION
It is worth noting that in a review of the
literature regarding the relationship of
nutrient intake and the skin, particularly
the photoprotective effects of nutrients,
the influences of nutrients on cutaneous
immune responses, and therapeutic
actions of nutrients in skin disorders,
investigators found that supplementation
with the nutrients of focus (i.e., vitamins,
carotenoids, and PUFAs) rendered protec-
tion against UV light, but not as much as
topical sunscreens.®® Oral supplements
should be combined with sunscreen use
(Chapter 29) and sun avoidance.

SKIN: FROM A TO Z

The following is a brief guide to some of
the most common nutritional supple-
ments currently used or under study in
the beauty and skin care realm. The
focus here is on the effects that such
products confer on the skin. Several of
these compounds provide broad sys-
temic effects. Of course, it is incumbent
upon practitioners to remind patients
that they should always discuss the use
of new supplements with their physi-
cian, particularly when pregnant, breast-
feeding, or undergoing treatment for
any medical conditions.

I ORAL SUPPLEMENTS AND THE

Alpha Lipoic Acid

Small amounts of alpha lipoic acid are
produced naturally by the human body,
but when present in excess (as a result of
a supplement, for example), it may help
prevent various diseases. Among these,
alpha lipoic acid is said to help smooth
skin and combat the cutaneous signs of
aging. Significantly, perhaps, alpha
lipoic acid was once considered an
antioxidant, but a recent report has
called such a designation into ques-
tion.? While alpha lipoic acid seems to
exert a positive impact on energy, and
on several health conditions, the author
does not recommend it for skin-related
concerns. More research is required to
better understand the protective role of
alpha lipoic acid and its potential appli-
cations for the skin.

Antioxidants

Several of the supplements in this list
qualify as antioxidants (see Chapter 34).

This particular entry, though, refers to
products that contain a blend or combi-
nation of antioxidants. For example,
Imedeen Time Perfection tablets include
antioxidants such as vitamin C and
grape seed extract. Antioxidants are sub-
stances that protect cells from oxidative
damage caused by exogenous factors
such as UV light, air pollution, ozone,
cigarette smoke, and even oxygen itself.
In addition, antioxidants protect cells
from endogenously generated oxidative
stress, a natural by-product of cellular
energy production. Oxidative stress,
whether its origin is external or internal,
contributes to inflammatory pathways
mediated by the formation of free radi-
cals, which are molecules with an
uneven number of electrons and are thus
highly reactive. Left unchecked, free
radicals can cause damage to cell mem-
branes, lipids, proteins, and DNA, thus
contributing to skin aging, among a cas-
cade of other deleterious effects on
health. Indeed, the cumulative effects of
free radicals over time form the basis of
“The Damage Accumulation Theory of
Aging.”® Antioxidants scavenge and
eliminate free radicals and are crucial to
the success of a skin care regimen. The
convenience of antioxidant products
also renders them easy to use on a regu-
lar basis. Good dietary sources of
antioxidants include berries; larger
fruits; vegetables; beans; roots and
tubers; cereals; as well as nuts, seeds,
and dried fruits.%* (See Table 8-6 for spe-
cific foods high in antioxidants.)
Recently, investigators conducted a
prospective study among 1001 ran-
domly chosen Australian adults to eval-
uate the relationship between consump-
tion of antioxidants and risk of basal cell
carcinomas (BCCs) and squamous cell
carcinomas (SCCs). Histologically veri-
fied cases of skin cancer were recorded
between 1996 and 2004 after antioxi-
dant intake was estimated in 1996. In
individuals with a baseline skin cancer
history, dietary consumption of the
carotenoids lutein and zeaxanthin was
correlated with a lower incidence of
SCC. However, a positive association
was seen with various antioxidants and
BCC development in those with and
without a history of skin cancer, includ-
ing individuals with a specific history of
BCC. The researchers concluded that
their findings supported prior evidence
of divergent etiologic pathways for
these types of skin cancer.®” It is impor-
tant to note that such results do not
undermine the efficacy of antioxidants;
rather, these findings reinforce the
notion that evidence trumps hype.



TABLE 8-6
Dietary Sources of Antioxidants®

BERRIES LARGER FRuITS VEGETABLES Beans Roots AND TUBERS
Black currant Clementine Artichoke Broad beans Ginger
Blackberry Date Brussels sprouts Groundnut Red beets
Blueberry Grape Chili pepper Pinto beans
Cloudberry Grapefruit Kale Soybeans
Cowberry/ Kiwi Parsley
cranberry Lemon Pepper
Crowberry Pineapple Red cabbage
Dog rose Plum Spinach
Rowanberry Pomegranate
Sour cherry Orange
Strawberry

Antioxidants are not panaceas for all
health problems. They offer significant
benefits, but much additional research
is required to grasp the full range of their
capacities. While several antioxidants
impart  wide-ranging  ameliorative
effects, it appears likely that greater ben-
efits are bestowed by the synergistic
activity of several antioxidants. For exam-
ple, the oral supplement DermaVite™
consists of a combination of, in descend-
ing order of concentration of a marine
protein complex, alpha lipoic acid, vita-
min C, red clover extract, tomato extract,
pine bark extract, vitamins E and B, soya
extract, zinc, vitamin Bs, and copper, that
has demonstrated clinical efficacy in the
treatment of cutaneous aging symptoms
(e.g., fine and coarse wrinkles, rough-
ness, and telangiectasia) in a random-
ized, double-blind, placebo-controlled
study.®

Arnica

The use of the Arnica montana plant has
been promoted by homeopathic practi-
tioners for hundreds of years. Arnica is
used as a supplement for its anti-
inflammatory properties, which have
been attributed to its constituent
sequiterpene lactones.” Its primary skin
care application is in the treatment and
prevention of bruises (see Chapter 21).
While taking arnica regularly offers little
benefit to the skin, the author suggests it
to patients before cosmetic procedures
such as soft tissue augmentation. Four
homeopathic arnica pills labeled with
30x dilution taken 4 to 6 hours before a
cosmetic procedure is recommended. In
a recent double-blind study of 29
patients given perioperative homeo-
pathic A. montana or placebo after under-
going rhytidectomy, smaller areas of
ecchymosis were measured on the 4

postprocedural observation days, with
statistically significant reductions identi-
fied on 2 of the 4 days.®® It is important
to caution patients that high doses of
oral arnica can be harmful, so this dose
and potency should not be exceeded. If a
mild rash develops, the patient is likely
sensitive to the compound helenalin, a
key constituent found in arnica. In this
case, arnica use should be halted. While
not falling into the category of nutri-
tional supplements, topical creams with
arnica, like Donell Super Skin K-Derm
Gel and Boiron Arnica Cream, are used
in the author’s practice to accelerate the
pace of bruise healing.

Beta-Carotene

Beta-carotene is a member of the
carotenoid family, highly pigmented
(red, orange, yellow), lipid-soluble sub-
stances naturally present in several
fruits, grains, oils, and vegetables (such
as apricots, carrots, green peppers,
spinach, squash, and sweet potatoes).
Notably, in a systematic study of antiox-
idants in dietary plants, carrots were
found to have the lowest content of
antioxidants of the array of roots and
tubers screened.® Because it can be con-
verted into active vitamin A (retinol),
beta-carotene is a provitamin, as are
alpha- and gamma-carotene. Beta-
carotene has received substantially more
attention than the other carotenoid
compounds because it has been shown
to contribute much more to human
nutrition as compared to its related sub-
stances.®®

In 2006, Stahl and Krutmann reported
that the systemic use of beta-carotene in
dosages of 15 to 30 mg/d for 10 to
12 weeks had been shown to impart pro-
tection against UV-induced erythema, but
was insufficient in terms of offering full

CEREALS (WHOLEMEAL

FLOURS OF) Nuts, Seeps, DRIED FRUITS
Barley Dried apricots
Buckwheat Dried prunes

Common millet Sunflower seeds

Qats Walnuts

protection against UVR.¥ More recently,
investigators reviewed the literature up to
June 2007 in PubMed, IST Web of Science,
and the epidermolysis bullosa acquisita
Cochrane Library in conducting a meta-
analysis of supplementation studies of
dietary beta-carotene as protection
against sunburmn. Meta-analysis of the
seven studies identified revealed that
supplementation  did
indeed confer protection against sunbumn
in a time-dependent fashion, with a mini-
mum of 10 weeks of supplementation
necessary.” Indeed, in September 2007,
Stahl and Sies clarified that dietary
carotenoids such as beta-carotene and
lycopene, as well as flavonoids, con-
tribute to the prevention of UV-induced
erythema formation after ingestion and
dispersal to light-exposed areas, including
the skin and eyes. Specifically, these
micronutrients reduced sensitivity to UV-
induced erythema in volunteers after 10
to 12 weeks of dietary intervention.”!
Clearly, there are limits to the protection
afforded by beta-carotene. In a large-scale
randomized, double-blind, placebo-
controlled 12-year primary-prevention
trial of beta-carotene supplementation
with follow-up, investigators found that
supplementing with 50 mg of beta-
carotene on alternate days in apparently
healthy male physicians from 40 to 84
years of age in 1982 (n = 22,071) did not
influence the development of a first basal
cell or squamous cell carcinoma.” 1t is
worth noting that beta-carotene supple-
mentation has been demonstrated to con-
tribute to elevating the risk of developing
lung cancer in smokers and those exposed
to asbestos.”

There are minor risks inherent
in taking too much beta-carotene
and other provitamin A compounds.
Superficially, the tint of one’s skin can be
rendered more yellow by consuming

beta-carotene
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excess carotenoids. Because of the inef-
ficiency in the conversion of beta-
carotene into retinol, there is less risk
posed by beta-carotene supplementation
in comparison to vitamin A supplemen-
tation. The author prefers to see patients
derive the benefits of beta-carotene pri-
marily from diet, but it can be a useful
supplement for those living in warm cli-
mates where frequent sun exposure is
more likely and whose diets do not
include enough of this carotenoid.
Biotin

Also known as vitamin B, biotin has
been shown to increase nail thickness
by up to 25% in patients with brittle
nails while minimizing nail breakage or
flaking.”* Nail strength can also be
augmented through supplementation
with biotin.”” The author recommends a
2.5-mg daily dose of biotin to all
patients whose nails are especially sus-
ceptible to breaking or splitting with lit-
tle provocation. Indeed, brittle nail syn-
drome has been demonstrated to
improve with this dosage.”

Borage Seed Oil

Borage seed oil is an omega-6 fatty acid
rich in gamma-linolenic acid (GLA),
which cannot be synthesized by human
skin from the precursor LA. GLA is
thought to assist in hydrating the skin. As
an oral supplement, borage seed oil is
thought to be effective for soothing skin
inflammation and redness. It is also
touted as an ingredient for moisturizing
and strengthening the skin barrier. In a
study of the effects of dietary supplemen-
tation with borage seed oil, 29 healthy
eldetly people, with an average age of
nearly 69, were given daily doses of 360
or 720 mg for 2 months. A statistically
significant improvement in the barrier
function of the skin was observed, with
reductions in transepidermal water loss
and dry skin complaints. Investigators
also noted decreases in saturated and
monounsaturated fats, and concluded
that fatty acid metabolism alterations
and skin function amelioration resulted
from borage seed oil consumption.””

Bromelain

The stem of the pineapple plant, Ananas
comosus, is the source of bromelain, a
term used to designate its constituent
family of sulfhydryl-containing prote-
olytic enzymes.” It is indicated for cuta-
neous purposes because of its anti-
inflammatory properties, although it is
usually administered orally to aid diges-

tion. In one study, patients with long
bone fractures who received systemic
bromelain manifested significantly
less postoperative edema than the
placebo group.” In addition to its use as
a digestive aid, bromelain is commonly
employed to treat inflammation and soft
tissue injuries. The proteolytic enzymes
of bromelain have imparted various
wound-healing benefits, such as allevi-
ating bruising, edema, and pain.'” In
fact, the presurgical administration of
bromelain is associated with accelerated
healing after surgical procedures and
other trauma,'*! especially given its abil-
ity to potentiate antibiotics.!®> However,
anecdotal reports suggest that using
bromelain prior to a procedure will
increase bruising. For this reason, the
author recommends 500 mg of brome-
lain twice daily for 3 days to all patients
after procedures such as dermal filling, to
minimize bruising (see Chapter 21). In
addition, it is worth suggesting the use
of bromelain to patients that bruise eas-
ily. Bromelain is contraindicated in
patients using anticoagulant agents such
as warfarin. Other contraindications
include children, individuals with aller-
gies to pineapple or bee stings, and peo-
ple with a history of heart palpitations.

Caffeine

The best-known ingredient of coffee,
caffeine is found naturally in the leaves,
seeds, or fruits in several plants, and is
present in tea, chocolate, soda, and
other products. Consumed in popular
beverages such as coffee and tea, caf-
feine or its metabolites are thought to
confer significant anticarcinogenic and
antioxidant properties.'®'% For exam-
ple, a 23-week period of oral administra-
tion of green tea or black tea to SKH-1
mice at high risk of developing skin
cancer because of twice weekly expo-
sure to UVB (30 mJ/cm?) yielded a lower
incidence of tumors/mouse, decreased
parametrial fat pad size, and decreased
thickness of the dermal fat layer
away from and directly under tumors.
Decaffeinated teas exhibited little or no
effect, but the restoration of caffeine
restored the inhibitory effects.””
Significant anticarcinogenic activity has
also been displayed through the topical
application of caffeine to SKH-1 hairless,
tumor-free mice pretreated with UVB
twice weekly for 20 weeks.!’ In topical
products (e.g., La Roche-Posay Rosaliac
and Replenix Cream CF), caffeine is an
effective anti-inflammatory and con-
stricts veins to reduce facial flushing.
The anti-inflammatory and anticarcino-

genic benefits of orally administered caf-
feine are compelling. Caffeine is also
dehydrating and should be enjoyed with
moderation, ideally along with water
but without unhealthy condiments such
as cream and sugar. The dehydrating
effects of caffeine make it a popular
additive in cellulite creams, where its
effects can last around 24 hours.'”
Patients that are predisposed to facial
flushing should be advised to consider
iced beverages, as hot ones may exacer-
bate facial redness.

Coenzyme Q10

Ubiquinone, more familiarly referred to
as coenzyme Q10 (CoQ10), is a potent
antioxidant found in all human cells that
assists with energy production. Good
dietary sources of CoQ10 include fish,
shellfish, spinach, and nuts. CoQ10,
which is a fat-soluble compound, is
thought to prevent oxidative stress-
induced apoptosis by inhibiting lipid
peroxidation in plasma membranes,
thereby suppressing free radical devel-
opment. In the mitochondria of each
cell of the body, CoQ10 plays a signifi-
cant role in the energy-producing adeno-
sine triphosphate pathways. Energy
production is an important aspect of
cellular metabolism, the efficiency of
which is thought to decrease with age.
CoQ10 levels also coincidentally
decline with age.!’® Supplementation
with ubiquinone is believed to deceler-
ate the reduction in energy production
associated with senescence and illness.
Recently, Ashida et al. found that
CoQ10 intake augmented the epidermal
CoQ10 level in 43-week-old hairless
male mice, which, coupled with their
previous finding that extended CoQ10
supplementation in humans lowered the
wrinkle area rate and wrinkle volume
per unit area around the corner of the
eye, led them to conclude that CoQ10
supplementation may have the potential
to reduce wrinkles and confer additional
cutaneous benefits.'"! It is also worth
noting that topical CoQ10 has been
demonstrated to penetrate the viable
layers of the epidermis and decrease the
level of oxidation measured by weak
photon emission, and reduce wrinkle
depth. In the same study, CoQ10 inhib-
ited collagenase expression in human
fibroblasts after UVA irradiation. The
investigators concluded that topical
CoQ10 may be effective in preventing
the deleterious effects of UV radiation
exposure.'? CoQ10 supplements impart
a caffeine-like stimulatory effect.
Therefore, the author recommends daily



use in the morning, typically 200 mg.
Individuals taking cholesterol-lowering
statin drugs should be counseled to con-
sider this supplement, as statins reduce
natural CoQ10 levels. Low CoQ10
levels are associated with fatigue and
muscle cramping. Those on cholesterol
lowering drugs should consider taking
400 mg every morning.

Evening Primrose Qil

Derived from the seeds of evening prim-
rose (Oenothera biennis), a hardy biennial
member of the Onagraceae family noted
for its fragrant flowers that open at dusk
during the summer, EPO is an omega-6
fatty acid that contains both LA and
GLA). In fact, it is one of the best sources
of GLA, a polyunsaturated essential
cis-fatty acid important in the production
of prostaglandins, which play a role in the
functioning of most bodily systems. LA is
used by the body to synthesize GLA. In
addition, LA imparts significant benefits
to the skin, maintaining stratum corneum
cohesion and reducing transepidermal
water loss'™® (see Chapter 11). Overall,
though, the health benefits of EPO are
attributed to GLA. In a double-blind trial
assessing the effects of oral EPO on atopic
eczema, researchers found a statistically
significant improvement among the EPO
patients in overall severity of symptoms,
including reductions in percentage of
body surface involvement, inflammation,
xerosis, and pruritus. While patients
receiving placebo experienced less inflam-
mation, EPO patients demonstrated a
significantly greater reduction and a sig-
nificant increase in plasma levels of diho-
mogammalinolenic  acid."™
quently, some authors have speculated
that supplementing with products high in
GLA, such as EPO, may be effective for
patients with atopic eczema.' EPO
taken as an oral supplement is judged a
valuable source of essential fatty acids. It
is approved in Germany for eczema and
PMS and other uses. In 2004, it was found
in a survey of more than 21,000 adults to
be the most commonly used oral supple-
ment."'% In addition, EPO combined with
zinc has been used to soothe dry eyes,
ameliorate brittle nails, and to treat acne
and sunburn. Overall, this supplement
may be effective in helping to hydrate the
skin, as well as easing inflammation and
irritation. The author particularly recom-
mends EPO to patients who experience
frequent skin irritation.

Conse-

Glucosamine

Typically derived from the shells of
shellfish (although synthetic versions

are also available), glucosamine and its
derivative N-acetyl glucosamine are
amino-monosaccharides that serve
several significant biological roles, partic-
ularly in the production of cartilage. Both
act as substrate precursors for hyaluronic
acid (HA) as well as proteoglycans syn-
thesis. Given its role in HA production, it
is not surprising that glucosamine has
been demonstrated to confer various
cutaneous benefits, such as enhancing
hydration, reducing wrinkles, and accel-
erating wound healing.!”” In addition to
anti-inflammatory and chondroprotec-
tive properties, glucosamine has been
shown to be effective in treating hyper-
pigmentation because it inhibits tyrosi-
nase activation thereby suppressing
melanin synthesis.!'” In a randomized,
controlled, single-blind 5-week study
with 53 female volunteers who were
given an oral supplement containing
glucosamine, amino acids, minerals, and
various antioxidant compounds, investi-
gators found a statistically significant
reduction (34 %) in the number of visible
wrinkles and a reduction (34%) in the
number of fine lines in the treatment
group as compared to the 12-person
control group.!'® Oral glucosamine
supplementation has also been demon-
strated to ameliorate symptoms and
decelerate the development of osteo-
arthritis in animals as well as in clinical
trials in humans, and its list of indica-
tions is expanding.'”” In a retrospective
survey of the nonvitamin, nonmineral
dietary supplements used among an
elderly cohort between 1994 and 1999,
glucosamine emerged as the most fre-
quently used supplement.'"” The author
recommends 1500 mg/d, particularly
to patients older than 35 vyears.
Glucosamine supplements have been
demonstrated to assist in rebuilding car-
tilage, in which HA is an important
component. Evidence suggests that the
effects of glucosamine supplementation,
namely, increased skin fullness and
decreased wrinkles, can be seen in as lit-
tle as 4 to 6 weeks.

Horse Chestnut Seed Extract

Of the various species of horse chest-
nuts, trees as well as bushes, the
European horse chestnut (Aesculus hip-
pocastanum) is the one used most often
for medicinal purposes. In its oral form,
horse chestnut seed extract (HCSE) has
been shown to effectively enhance cir-
culatory problems such as varicose veins
and leg cramping. Indeed, researchers
conducting a thorough literature review
of double-blind, randomized controlled

trials of oral HCSE for patients with
chronic venous insufficiency in Medline,
EMBASE, BIOSIS, CISCOM, and the
Cochrane Library (until December 1996)
found that HCSE was superior to
placebo in all cases.'?” In addition, they
noted reductions in lower-leg volume,
leg circumference at the calf and ankle,
and improvement in symptoms includ-
ing leg pain, pruritus, fatigue, and ten-
sion, with only rare mild adverse reac-
tions. The same investigators, along
with a third, subsequently conducted a
broad database search of Medline,
EMBASE, the Cochrane Library, CIS-
COM, and AMED (until October 2000)
on complementary and alternative med-
icine and found additional cogent evi-
dence for the effectiveness of oral HCSE
for the treatment of chronic venous
insufficiency.'” HCSE has been proven
to improve inflammation and circula-
tory discomfort in its oral form. Patients
taking anticoagulant drugs should be
advised not to supplement with HCSE.

Hyaluronic Acid

One of the three primary constituents of
the dermis, HA, also known as hyaluro-
nan, is the most abundant glycosamino-
glycan in the human dermis. HA, which
has the capacity to bind water up to
1000 times its volume, plays an impor-
tant role in cell growth, membrane
receptor function and adhesion. Its main
biologic function in the intercellular
matrix is to stabilize intercellular struc-
tures and form the elastoviscous fluid
matrix in which collagen and elastin
fibers are firmly enveloped.'?!'?® HA
holds onto moisture, as well, and helps
provide fullness and radiance to the
skin. While HA is the main component
of several effective and popular dermal
filling agents, and has also demonstrated
efficacy as an intra-articular injection
agent for knee osteoarthritis,'** oral HA
supplements are also available. These
products are touted for combating the
decline of HA, which occurs with age.
However, HA is metabolized in the
stomach; therefore, the author does not
believe there is any evidence demon-
strating the effectiveness of these sup-
plements.

[ron

Found in every cell of the body, iron is
an important mineral for all-around
good health and is essential in the
production of hemoglobin, the blood
component that distributes oxygen
throughout the body. Low iron levels
have been associated with hair loss.
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Supplementation could help control or
resolve this condition. Iron deficiency
may also manifest in the fingernails, as
white spots or vertical ridges. Physicians
should check a patient’s ferritin levels
prior to recommending an iron supple-
ment. Excess iron can generate free radi-
cals, which attack vital skin con-
stituents, such as collagen and elastin,
and accelerate cutaneous aging. Iron
supplements should be recommended to
patients only if it is determined that they
have low iron levels. Good dietary
sources of iron include dried beans,
dried fruits, egg yolks, salmon, tuna,
whole grains, and other foods.

Lycopene

Naturally present in human blood and
tissues, lycopene is a non-provitamin A
carotenoid best known as the pigment
mainly responsible for the characteristic
red color of tomatoes. During the last
decade, lycopene has garnered much
attention for its potent antioxidant
activity.!?!'?6 Lycopene may play a role
in reducing oxidative damage to tissues,
as suggested by a placebo-controlled
study that examined the effects on
plasma and skin concentrations of beta-
carotene and lycopene from ingesting a
single 120-mg dose of beta-carotene.
The effects from UV light exposure
were also examined. Lycopene levels in
plasma and skin, which are comparable
or greater than those of beta-carotene,
were unaffected by beta-carotene inges-
tion, but beta-carotene levels increased.
Furthermore, a single intense exposure
(8 times the MED) of solar-simulated
light on a small area of the volar arm
resulted in a 31% to 46% decrease in
skin lycopene concentration, but no sig-
nificant changes in skin beta-carotene,
which led the investigators to conclude
that lycopene may contribute to absorb-
ing or mitigating the effects of UV radia-
tion and other forms of oxidative
insult.'” Recently, protection against
erythema development after UV expo-
sure has been demonstrated as a result
of increasing lycopene intake by daily
consumption of tomato paste for a
10-week period.'” Consequently, Sies
and Stahl, who conducted the study,
have deemed lycopene an effective oral
sun protectant that can play an impor-
tant role in maintaining the health of the
skin. In work published by these and
additional investigators in the same
year, supplementation for 12 weeks
with 24 mg/d of a carotenoid formula-
tion including beta-carotene, lutein, and
lycopene was found in a placebo-

controlled, parallel study design to exert
a comparable improvement in mitigat-
ing UV-induced erythema in humans as
24 mg of beta-carotene alone.*” More
recent work by some of the same inves-
tigators has further buttressed the evi-
dence showing the photoprotective
effects of lycopene supplementation,
with significant increases measured in
lycopene serum levels and total skin
carotenoids; erythema was also demon-
strably prevented after UV irradiation.*®
More research is necessary, but
lycopene, through oral supplementation
or topical administration, is also consid-
ered a potential chemopreventive agent
of nonmelanoma skin cancer.'*®

Niacin
Also known as vitamin B or nicotinic
acid, niacin has long been known
to be essential for the healthy function-
ing of the skin and nervous system.
Niacinamide (also called nicotinamide)
is the amide form of niacin. The terms
nicotinic acid and nicotinamide are used
less frequently because they sound
similar, though unrelated, to nicotine.
Neither niacin nor niacinamide are syn-
thesized in the human body; therefore,
they must be supplied through the diet,
topical application or oral supplementa-
tion. Peanuts, brewer’s yeast, fish, and
meat are the best dietary sources of
niacin. The deficiency of niacin and
niacinamide appears to play a role in the
development of several types of cancer,
including skin cancer, and niacin defi-
ciency is also associated with pellagra, a
disease characterized by diarrhea, der-
matitis, and dementia. Mice given oral
niacin or topical niacinamide exhibited a
70% decrease in UV-induced skin can-
cers and near-complete prevention of
photoimmunosuppression.'?®

For several years, niacinamide has
been used both topically and orally to
treat inflammatory diseases. For exam-
ple, Berk et al. described the use of oral
niacinamide plus tetracycline for the
treatment of bullous pemphigoid.'”
Rosacea is also among the indica-tions
for niacinamide treatment."** The use of
oral or intravenous niacin has been
described for the treatment of
migraines and tension-type headaches,
though randomized controlled trials are
lacking.'®! Indeed, niacin is well known
for exhibiting vasodilatory activity.!®!
Patients who take oral niacin for a long-
term to control hypertension tend to
develop bothersome flushing. Because
of this, topical products may be more
desirable, though the recently intro-

duced extended-release 1000 mg niacin
ER tablet has been shown to reduce the
frequency, duration, and intensity of
niacin-induced flushing.'®* Although
niacin supplements may be prescribed
for various conditions, there is no skin-
related reason to take more than what
would be derived from a typical multivi-
tamin. Niacinamide, in contrast, imparts
no cutaneous side effects and is a very
effective ingredient in topical formula-
tions for treating photodamage, inflam-
mation, hyperpigmentation, and dry
skin. Niacinamide is found in the Olay
brand products such as Total Effects,
Regenerist, and Definity. The brand
Nia24 contains an ingredient very simi-
lar to niacinamide.

Omega-3 Fatty Acids

Although they are not synthesized natu-
rally in the body, omega-3 fatty acids are
a family of polyunsaturated fatty acids
(also referred to as n-3 PUFAs or PUFAs)
that are crucial components of cell mem-
branes and key constituents in the skin
barrier. ALA, EPA, and DHA are the pri-
mary essential omega-3 fatty acids. The
anti-inflammatory activities of these
compounds are well established, as
several studies have demonstrated their
efficacy in combating erythema and irri-
tation associated with cutaneous condi-
tions such as psoriasis and rosacea.
Significant anti-inflammatory activity
displayed by EPA and DHA, from oily
extracts of three Mediterranean fish
species, against UVB-induced erythema
has been demonstrated recently in vivo
in human volunteers.”®® The hydrating
qualities of omega-3 fatty acids also
serve to add volume to the skin, mini-
mizing the appearance of fine lines.
Good dietary sources of the omega-3
fatty acid ALA include canola oil, wal-
nuts, and “omega-3 eggs” (which provide
much more than the typical level of
omega-3 as a result of the special diet fed
to the hens); for the omega-3 fatty acids
EPA and DHA, fish and other seafood, as
well as “omega-3 eggs” are good dietary
sources.’® The fish that contain signifi-
cant levels of omega-3 fatty acids are
fatty predatory fish, including albacore
tuna, lake trout, mackerel, menhaden,
and salmon® (Table 8-7). It is important
to note that such fish do not synthesize
these acids but accumulate them
through their diet, which may also
include toxic substances. For this reason,
particularly in the case of mercury toxic-
ity in albacore tuna, the FDA recom-
mends limiting consumption of selected
predatory fish species. Supplementing



TABLE 8-7
Good Dietary Sources of Omega-3
Fatty Acids®68134

Canola oil

Fish (and other seafood)
Albacore tuna
Lake trout
Mackerel
Menhaden
Salmon

Flaxseed/flaxseed oil

Hempseed

“Omega-3 eggs”

Seaweed

Walnuts

with fish oil has become an increasingly
popular alterative. Cod liver oil and other
fish oils are also good sources of n-3
PUFAs.®® While noting the natural
dietary sources of such nutrients, partic-
ularly fish, it is important to make
dietary choices with environmental sen-
sitivity. In particular, fish should be
selected with this in mind, as several
species may be endangered (e.g., cod) or
approaching such status.

Sies and Stahl contend that omega-3
fatty acids are among the various
micronutrients that exhibit the capacity
to deliver systemic photoprotection
against UV-induced damage.”® In addi-
tion, Black and Rhodes suggest that there
is a wide array of experimental and clini-
cal studies indicating an important role
for omega-3 fatty acids in preventing
nonmelanoma skin cancer, as manifested
in evidence of increasing tumor latency
periods, decreasing tumor number,
increasing the UV radiation-mediated
erythema threshold in humans, and sig-
nificantly reducing proinflammatory and
immunosuppressive prostaglandin E
synthase type 2 [PGE(2)] levels in human
skin exposed to UVB 1%

In a recent report in the Journal of the
American Medical Association, MacLean
et al. conducted a literature review, and
consulted experts in the neutraceutical
field regarding unpublished studies, to
sift through mixed results on the capac-
ity of omega-3 fatty acids to lower the
risk of developing cancer. Thirty-eight
articles were ultimately considered in
their evaluation, yielding the conclusion
that dietary supplementation with
omega-3 fatty acids does not likely pre-
vent cancer.!” However, Chen et al.
countered that none of the 38 studies
reviewed took into account the mea-
surement of fatty acid composition in
patients. In addition, they suggested
that in reviewing dietary data, it is

important to note that some fish (partic-
ularly farm-raised fish) are inadequate
sources of omega-3 fatty acids. Chen
et al. suggested that it remains uncer-
tain, but is not unlikely, as to whether
omega-3 fatty acids confer a preventive
effect against cancer.!®® While more
research is clearly needed regarding the
diverse effects of dietary omega-3 fatty
acids, several benefits have been
patently established. The author recom-
mends incorporating as many sources
of omega-3 fatty acids into one’s diet
as desired and supplementing with
1000 mg/d.

Polypodium Leucotomos

Derived from the fern family, the extract
of Polypodium leucotomos has been used to
treat inflammatory conditions and
shown, in vitro and in vivo, to display
inmunomodulating activity.'® It is also
thought to exhibit potent antioxidant
activity and is considered a viable oral
photoprotectant. 40141

In 2004, Middelkamp-Hup et al.
assessed whether oral Polypodium leucoto-
mos extract (PLE) could diminish the
clinical and histologic phototoxic dam-
age to human skin caused by psoralen
with ultraviolet A (PUVA) treatment.
Ten healthy patients with skin types II
to III were exposed to PUVA alone and
PUVA accompanied by 7.5 mg/kg of oral
PLE. After 48 to 72 hours, clinical results
revealed consistently lower phototoxic-
ity in PLE-treated skin, with pigmenta-
tion reduced 4 months after treatment.
Histologic examination indicated signif-
icantly fewer sunburn cells, and reduc-
tions in vasodilatation and the tryptase-
positive mast cell infiltration, in addition
to preservation of Langerhans cells in
PLE-treated skin. The authors found that
PLE effectively protected the skin
against the known deleterious effects of
PUVA.'** Although this was a small
study, the results spurred the team to
additional study of PLE. In research
reported later in 2004 by the same
group, nine healthy individuals, with
skin types II to IIl were exposed to vari-
ous doses of artificial UVR radiation
without or following oral administration
of 7.5 mg/kg PLE. Investigators assessed
erythematous reactions 24 hours
after exposure and obtained paired
biopsy specimens from PLE-treated skin
and untreated skin. Significantly less
erythema was noted in the PLE-
treated skin. In the biopsy specimens,
researchers recorded fewer sunburn
cells, cyclobutane pyrimidine dimers,
and proliferating epidermal cells as well

as less mast cell infiltration. Preservation
of Langerhans cells was also achieved.
The team’s previous findings were sup-
ported by this study, which prompted
them to conclude that oral PLE effec-
tively protects the skin against UV
insult.'

In a study by Middelkamp-Hup et al.
of the potential of oral PLE in the treat-
ment of vitiligo vulgaris, 50 patients
were randomly administered 250 mg of
oral PLE or placebo 3 times daily, com-
bined with the first-line therapy (nar-
row-band UVB) twice weekly for 25 or
26 weeks. Investigators identified a defi-
nite trend in repigmentation in the head
and neck area, particularly in light skin
types, with the combined narrow-band
UVB and oral PLE therapy.'** PLE is
most widely available in a capsule sup-
plement known as Heliocare. It is
expensive, but it helps protect the skin
against UV damage, and reduces ery-
thema caused by sun exposure. The
author recommends one capsule taken
in the morning when sun exposure is
anticipated, two capsules if the exposure
is expected to be prolonged.

Selenium

An important antioxidant, selenium is a
trace mineral found naturally in the
body and various foods, particularly
Brazil nuts. Some seafood, meat, cereals,
and dairy products contain selenium as
do several plant foods, depending on the
selenium content of the soil in which
they are grown. Selenium is essential to
good health, but required in only small
amounts.'* A properly functioning
thyroid is also dependent on selenium.
In addition, the protective activity char-
acteristic of the immune cells is sup-
ported by the synergistic cooperation of
various vitamins and minerals, including
selenium.'*® Although a capacity to
protect against skin cancer has been
recently disproved, selenium remains
among the list of potential oral or topical
chemopreventive agents against other
forms of cancer,'?® and it is considered
an important contributor to antioxidant
defense.”®' However, in a recent pro-
spective case-cohort study of the link
between arsenic-related premalignant
skin lesions and prediagnostic blood
selenium levels in 303 cases newly diag-
nosed from November 2002 to April
2004 and 849 subcohort members
randomly selected from the 8092 sub-
jects in the Health Effects of Arsenic
Longitudinal Study, investigators found
that dietary selenium intake may
lower the incidence of arsenic-related
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premalignant skin lesions among sus-
ceptible populations (those exposed to
arsenic from drinking water).!*® In addi-
tion, it is thought to exhibit potent anti-
inflammatory and antiaging properties
and, in oral form, appears to mitigate
UV-induced skin damage. Although
more research is necessary, selenium in
both oral and topical form appears to
impart several benefits to the skin. It is
used as a topical water to treat psoriasis,
eczema, and other inflammatory skin
conditions in the La Roche-Posay spa in
France dedicated to the treatment of
these skin conditions. Most multivita-
mins typically contain a sufficient
amount of selenium. The recommended
daily allowance of selenium for adults is
55 g, and overdose can be harmful
(generally, more than 400 pg/d). In fact,
excessive amounts of selenium can lead
to hair loss.

Vitamin A

Retinol, also known as vitamin A, has
such status because it is not synthesized
in the human body. The term “retinoids”
refers to vitamin A and all its natural and
synthetic derivatives including retinol.
Carotenoids such as carrots, can-
taloupes, sweet potatoes, and spinach
are among the best dietary sources of
vitamin A.'* Milk, margarine, eggs, beef
liver, and fortified breakfast cereals are
also important dietary contributors of
vitamin A."’ The retinoids exhibit sev-
eral important biologic effects, such as
regulating growth and differentiation of
epithelial cells, inhibiting tumor promo-
tion during experimental carcinogenesis,
diminishing malignant cell growth,
decreasing inflammation, and enhancing
the immune system'®! (see Chapter 30).
Retinoids have also been shown to
improve the appearance of striae and
improve skin discoloration.'™ Vitamin A
is also particularly beneficial for individ-
uals with acne, as it helps diminish oil
levels in the skin. In addition, retinoic
acid, or tretinoin, is known to reverse
the signs of photoaging by diminishing
wrinkles, actinic keratoses, and lentig-
ines as well as smoothing skin texture.'*®
In cooperation with several other vita-
mins and minerals, including vitamins C
and E, as well as zinc, vitamin A con-
tributes to enhancing skin barrier func-
tion as well as immune cell protective
activity.'*¢

Vitamin A is an important part of any
diet, but consuming or taking excessive
amounts poses risks, including a greater
susceptibility to bone fracture. There is
rarely a reason to take more than what is

found in a good multivitamin. It is
healthier, however, to derive one’s nec-
essary vitamin A through diet, particu-
larly by eating leafy greens, carrots, can-
taloupes, sweet potatoes, spinach,
broccoli, squash, and mangoes.

Vitamin C

Known historically for its role in the pre-
vention of scurvy, vitamin C is abun-
dantly available in citrus fruits. In fact,
by the 18th century, sailors knew that
eating citrus fruits prevented this condi-
tion associated with dental abnormali-
ties, bleeding disorders, characteristic
purpuric skin lesions, and mental deteri-
oration. In the 1930s, researchers con-
firmed that vitamin C is the key ingredi-
ent in citrus fruit that fends off scurvy,
and dubbed it ascorbic acid (scobutus is
Latin for scutvy). Cutrently, vitamin C is
considered a potent antioxidant and is
used effectively as an antiaging and anti-
inflammatory agent.

In the skin, vitamin C plays an inte-
gral role in the metabolism of collagen,
where it is essential for the hydroxyla-
tion of lysine and proline in procollagen
(see Chapter 2). Vitamin C has also been
demonstrated to augment collagen syn-
thesis in both neonatal and adult fibro-
blasts when added to culture medium.'®*
Aging skin is characterized by decreased
collagen production (see Chapter 6).
Consequently, it is thought that increas-
ing collagen production in the skin with
vitamin C should theoretically con-
tribute to preventing or even reversing
some of the signs of cutaneous aging.'
The stimulatory effects of vitamin C on
collagen synthesis are believed to be
effective in preventing and treating
striae alba (stretch marks). This impor-
tant role in collagen synthesis indicates
the relevance of vitamin C in wrinkle
prevention.

In a literature review of the photopro-
tective effects of vitamins C and E, inves-
tigators found that topical applications of
each individual antioxidant performed
significantly better than their orally
administered counterparts. The photo-
protective effects of vitamin C and E
combinations, along with other antioxi-
dants, proved to be markedly more
effective than monotherapies in deliver-
ing cutaneous protection against UVB.%

In a 3-month study of the effects of
oral administration of a combination of
vitamins C and E, investigators found
significant decreases in the sunburn
response to UVB exposure, with sub-
stantially thymine dimers
induced by UV radiation, implying a

fewer

protective effect against DNA damage
conferred by the antioxidant combina-
tion." In a more recent study of the
effects of the oral administration of a
mixture combining the antioxidants
vitamins C and E, Pycnogenol, and EPO
on UVB-induced wrinkle formation,
female SKH-1 hairless mice received the
test mixture or control vehicle for
10 weeks along with UVB irradiation
3 times weekly, with graduated in-
creases in UVB intensity. Investigators
found that UVB-induced wrinkle forma-
tion was significantly inhibited, with
substantial reductions also seen in
epidermal thickness as well as UVB-
engendered acanthosis, hyperplasia,
and hyperkeratosis.'®

Many physicians, including the author,
recommend that patients take oral vita-
min C 500 mg twice daily. This way they
enjoy the benefits of vitamin C without
the irritation and expense of topical for-
mulations, which are difficult to stabilize.
Other than an upset stomach, there is no
risk of taking too much vitamin C.

Vitamin D

Perhaps best known as the vitamin skin
produces when exposed to ultraviolet
light, vitamin D3, often shortened to vit-
amin D, is actually a hormone, and a
potent antioxidant. Besides sun expo-
sure, vitamin D can be obtained through
the diet, especially by consumption of
fatty fish.'® Through the metabolic
process, vitamin D is converted into
25-hydroxyvitamin D (25(OH)D) by
the liver and 1,25-dihydroxyvitamin
D(1,25(0OH)2D) by the kidneys.' It has
been known for several years that UVB
exposure induces epidermal keratinocytes
to convert 7-dehydrocholesterol into vit-
amin Dj. In addition, the metabolites of
vitamin Dj, particularly calcitriol, are
known to confer significant benefits,
such as antiproliferative and prodiffer-
entiating activity as well as regulating
cellular activity in keratinocytes and
immunocompetent cells.!®

In addition to imparting benefits to
most bodily organ systems, vitamin D
plays a significant role in psoriasis treat-
ments, including the drug Dovonex.
Like all antioxidants, vitamin D exhibits
the capacity to decelerate aspects of
cutaneous aging. Cutaneous vitamin
Dj synthesis declines with age. Cons-
equently, vitamin D deficiency is not
uncommon in the elderly, the demo-
graphic group most in need of taking
oral vitamin D supplements. Low
vitamin D status is a factor in the devel-
opment of osteoporosis. Vitamin D



insufficiency is also associated with rick-
ets, certain types of cancer, and various
other diseases.'"

Vitamin D deficiency can lead to an
elevation in serum parathyroid hor-
mone, contributing to bone resorption,
osteoporosis, and fractures. Supplemen-
tation with vitamin D has been shown
to inhibit serum parathyroid hormone,
increase bone mineral density, and may
reduce the incidence of fractures, partic-
ularly in the elderly."” In a 12-week ran-
domized clinical study in a psychogeri-
atric nursing home comparing the
effects of UV radiation and oral vitamin
D3 on the vitamin D status and parathy-
roid hormone concentration in elderly
nursing home patients, investigators
found UVB to be as effective as oral vit-
amin Dj in raising serum 25(OH)D and
serum calcium as well as inhibiting sec-
ondary hyperparathyroidism.!®?

Research has also shown that vitamin
D analogs may have a role to play in the
medical therapy of melanoma, even
though avoiding exposure to UV
remains the best protection against
melanoma and nonmelanoma skin can-
cers.'®® In addition, research has shown
that obesity-related vitamin D insuffi-
ciency likely results from the diminished
bioavailability of vitamin D; from cuta-
neous and dietary sources due to deposi-
tion in body fat.'®*

More than a decade ago, vitamin D
became the subject of controversy when
claims emerged that the use of sun-
screen led to vitamin D deficiency.'®
Despite mounting evidence to the con-
trary, this remains a controversial topic.
Interestingly, Gilchrest cites evolution-
ary changes in countering the argument
for controlled exposure to UV to obtain
sufficient vitamin D levels. Specifically,
she suggests that when the human
capacity to photosynthesize vitamin D
emerged, the lifespan for human beings
was considerably shorter than it is
today, and the effects of long-term pho-
todamage, or the modern option of pur-
chasing oral vitamin D, could not be part
of the equation.'%

Currently, the tolerable upper intake
level (UL) for vitamin Dj stands at
50 pg/d (2000 IU/d) in North Americans
and Europeans, but several studies sug-
gest that metabolic utilization of vita-
min D; would be optimized at a UL as
high as twice this level, particularly to
ameliorate vitamin D status in the
elderly.!o11671% The challenge with vita-
min D is balancing the mounting
evidence that cutaneous vitamin D
production helps prevent various dis-
eases, including some cancers, with the

understanding that prolonged sun expo-
sure greatly increases the risk of skin
cancer and other photodamage. Oral vit-
amin D supplementation in place of UV
exposure appears to be the safest
approach, and may be particularly app-
ropriate for certain populations. For
instance, individuals at high risk for skin
cancer (e.g., those who have red hair and
freckles, or a family history of skin can-
cer) should be advised to avoid unpro-
tected sun exposure and to obtain vita-
min D in oral supplement form and diet.
Mushrooms have been found to be a
good source of vitamin D. Blood levels
of vitamin D should be checked in all
patients. If levels are low, vitamin D
supplementation and the addition of
mushrooms to the diet should be recom-
mended along with /imited sun exposure.
It takes only a few minutes of solar
exposure each day to stimulate vitamin
D synthesis. Patients should be reminded
of this and advised that there is never a
good reason to bake in the sun all day.

Vitamin E

Vitamin E includes the tocopherols and
the tocotrienols. It is the most significant
lipid-soluble antioxidant and it is found
naturally in many vegetables, especially
spinach, avocados, cormn, vegetable oils,
sunflower seeds, soy, whole grains, nuts,
and margarine. Usually referred to as
alpha-tocopherol, its most biologically
active form, vitamin E is also found in
some meat and dairy products. In
humans, vitamin E naturally occurs in
the membranes of cells and organelles. It
protects cell membranes from peroxida-
tion and scavenges free radicals.
Consequently, vitamin E is thought to
help prevent cardiovascular disease and
the “aging” of the arteries. It is also effec-
tive in mitigating skin dryness, particu-
larly in those taking oral retinoids.
Vitamin E has also been shown to
exert anti-inflammatory effects on the
skin through the inhibition of chemical
mediator synthesis and release. In
addition to stabilizing lysosomes, vita-
min E influences prostaglandin E2
production (decreasing it) as well as
interleukin-2 production (increasing it).
Anti-inflammatory and immunostimu-
latory effects are the result.’® An
important component of sebum, vita-
min E is found in greater supply in
individuals with oily skin. This may
correlate with less skin aging and less
skin cancer. The lips, which have no oil
glands and are thus devoid of vitamin
E, are more susceptible to skin cancer
than many other areas of the skin

surface. Antitumorigenic, photoprotec-
tive, and skin barrier-stabilizing activi-
ties have been associated with topical
and oral vitamin E.'*

In a hairless mouse model of photo-
carcinogenesis induced by UVB expres-
sion, investigators showed that oral
administration of alpha-tocopherol
resulted in significant inhibitory effects
on tumor incidence and number.!”’
However, in a study assessing the
capacity of orally administered vitamin
E and beta-carotene to diminish mark-
ers of oxidative stress and erythema in
response to UV exposure in 16 healthy
participants who took either of the
lipid-soluble antioxidants for 8 weeks,
results revealed that such supplementa-
tion had no effect on skin sensitivity,
though the vitamin E group experienced
significant decreases in cutaneous mal-
ondialdehyde. No other measures of
oxidative stress in basal or UV-exposed
skin were influenced by the supplemen-
tation, suggesting that neither conferred
photoprotection.'”!

While results remain conflicting over
the relative photoprotective effects of
oral vitamin E, the evidence strongly
indicates significant photoprotective
effects from the orally administered
combination of vitamins C and E. In a
single-blind controlled clinical trial
examining the photoprotective effects
of vitamins C and E, 45 healthy volun-
teers were divided into three groups,
one receiving oral vitamin C, one receiv-
ing oral vitamin E, and one receiving an
oral mixture of the two antioxidants.
Daily treatments lasted 1 week. The
MED was ascertained before and after
treatment, with the median MED
increasing the most in the combination
group, suggesting that d-alpha-toco-
pherol combined with ascorbic acid
yielded better photoprotective effects
than either of the antioxidants alone.'”?
For more information on just a few of
the several reports on the success of this
combination, see section “Vitamin C”
above. This combination of antioxidants
currently represents one of the skin’s
best defenses against photodamage,
including photocarcinogenesis and pho-
toaging.

Vitamin E is an important part of any
diet, but there is a risk from taking too
much. The author recommends 400 IU, in
gel cap form, per day. Vitamin E can
increase the likelihood of bruising if taken
in large doses. Indeed, doses greater than
3000 mg daily when taken over a long
period may cause such side effects.
Patients undergoing surgical procedures
should avoid doses of vitamin E greater
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than 4000 1U.%%! In addition, vitamin E
should be discontinued 10 days prior to
surgical procedures, soft tissue augmenta-
tion, or Botox injections in order to mini-
mize the risk of bruising.

Vitamin-fortified Beverages

Various “enhanced water” products have
been recently introduced onto the mar-
ket. As an occasional treat, they represent
a much better choice than soda, which
offers no health benefits. At least these
products provide a few vitamins. Ersatz
water products are not a substitute for a
good multivitamin, however, and do not
include common supplements such as
glucosamine or biotin. In addition, these
products often contain high levels of
sugar, which can contribute to various
health outcomes and, in the cutaneous
realm, foster wrinkling caused by glyca-
tion as well as acne eruptions.

The appeal of this market has resulted
in the emergence of sugar-free and nutri-
ent-added formulations. For example,
Coca-Cola recently launched a product
called Enviga, a sugar-free beverage that
contains green tea, one of the most potent
and best-researched antioxidants avail-
able. In addition, the Borba product line
features nutrient-fortified waters specifi-
cally formulated for the skin. (These have
no added sugar and zero calories.) Not
surprisingly, only proprietary in-house
studies are available on such products.
While it remains to be seen whether these
products confer any health benefits, there
is no reason to think that they would be
harmful or unhealthy. Another way to
derive cutaneous benefits from liquid
nutrients, other than red wine and green
and other teas, is a “water booster.” These
formulations, packaged in dropper-style
bottles, can be added to any beverage.
The author recommends Dr. Brandt Anti-
Oxidant Water Booster/Pure Green Tea.
Liquid supplements to be placed on the
tongue such as Dr. Andrew Weil for
Origins™ Plantidote™ Mega-Mushroom
Supplement are also popular, but
unproven. These products should be
combined, more importantly, with a well-
rounded diet, exercise, and a good multi-
vitamin. Finally, pomegranate juice does
note require any vitamin fortification. As
long as no sugar is added, pomegranate
juice packs a potent antioxidant punch.

Zinc
Zinc is an essential trace element found
in, but not produced by, the human

body. It is present in various foods, par-
ticularly high-protein meats such as lean

beef, chicken, and fish. A vegetarian diet
often contains less zinc than a meat-
based diet. Good vegetarian sources of
zinc include beans, dairy products,
lentils, nuts, seeds, particulatly pumpkin
seeds, whole grain cereals, and yeast.'”*
Only known as an essential dietary fac-
tor for 40 years, zinc is now also thought
to exhibit antioxidant and anti-inflam-
matory activity.'’* In addition, zinc
assists other micronutrients in bolstering
the function of the skin batrier as well as
the protective actions of immune
cells.'8 Zinc is also necessary for syn-
thesizing retinol binding protein, which
transmits vitamin A. Although there are
no areas in the body where zinc is
stored, the essential mineral is found in
muscle (60%), bone (30%), skin (5%),
and other organs.!”*!73

The beneficial effects on immunity are
typically cited as the reason for the inclu-
sion of zinc in various cold and flu over-
the-counter remedies. Indeed, antiviral
effects are now being considered. In a
placebo-controlled trial reported on in
2002, investigators found oral zinc sulfate
at a dose of 10 mg/kg daily to be successful
for the treatment of recalcitrant viral warts
after a follow-up of 2 to 3 months."”® The
ovetlapping, protective roles of the skin
and the immunity system appear to be
reflected in the activity of zinc. In a recent
study of the effects on the allergic response
of zinc deficiency in a DS-Nh mouse
model of atopic dermatitis, investigators
fed male mice a zinc-deficient diet for 4
weeks and found that zinc deficiency
affects the skin bartier and immune sys-
tems, and aggravated atopic dermatitis.'”

With age, zinc absorption declines
and zinc deficiency is not uncommon in
the elderly, particularly individuals
older than 75 years.”’® Zinc supplemen-
tation has been shown to reverse the
plasma zinc reductions, plasma oxida-
tive stress marker increases, and ele-
vated production of inflammatory
cytokines seen in the elderly.'”* The
adult recommended daily amount
(RDA), now referred to as the reference
nutrient intake (RNI), for =zinc is
15 mg/d for men and 12 mg/d for
women, though pregnant women
require more zinc. It is important to note
that only 20% of the zinc present in the
diet is actually absorbed by the body. In
addition, zinc absorption is often
impaired in patients with chronic GI
inflammation. For oral mineral supple-
ments, the amounts of zinc and iron
should be equivalent so that they do not
interfere with absorption. Zinc is lost
primarily through feces, urine, hair, skin,
sweat, semen, and menstrual blood.

. DIET AND THE SKIN

Diet plays a crucial role in the appear-
ance of the skin and plays a role in
everything from skin hydration, red-
ness, and acne to cutaneous aging. Even
broken blood vessels on the face can be
caused by diet. Based on the studies
reviewed above, certain dietary princi-
ples can be gleaned and formulated into
suggestions for patients regarding gen-
eral cutaneous health as well as specific
concerns such as which foods to eat or
avoid in an antiaging or acne treatment
regimen. The following discussion pro-
vides some general dietary guidelines for
healthy skin (Box 8-1) as well as some
specific recommendations that depend
on skin type (Box 8-2). The following
dietary recommendations are long-term
interventions intended for good overall
health and the prevention of future
wrinkles, not as treatment for already
extant wrinkles.

Fish and Omega-3 Fatty Acids

As stated above, predatory fish such as
albacore tuna, lake trout, mackerel, men-
haden, and salmon are high in omega-3
fatty acids. Salmon, in particular, is highly
regarded and readily available, as is tuna.
Salmon contains omega-3 and omega-6
fatty acids that help human skin hold
onto water, inhibiting transepidermal
water loss. The numerous omega-3 fatty
acids in salmon (particularly EPA and
DHA) are also anti-inflammatory; there-
fore, eating salmon may help curb acne
and facial redness. Patients should be
advised to select wild salmon because it
may have a greater abundance of omega-
3 fatty acids and fewer contaminants,
such as PCB, as compared to farmed
salmon. The author recommends eating
salmon at least 3 times a week.

Omega-3 fatty acids as well as omega-6
fatty acids are essential for healthy human
growth and development. The typical
Western diet had a typical ratio of omega-
6 to omega-3 fatty acids of 10:1 during the
mid-1990s,'® which has now increased
to a range of approximately 15:1 to
16.7:1.777 A healthy ratio is thought to be
closer to 4:1.7% A high ratio of omega-6 to
omega-3 fatty acids has been associated
with a greater risk for depression and vari-
ous inflammatory diseases.'® Omega-3
fatty acids exhibit significant anti-inflam-
matory activity. Good sources of omega-3
fatty acids, in addition to the fish men-
tioned above, are cod liver oil, fish oil,
flaxseeds, and flaxseed oil. Crushed or
ground flaxseeds can make a healthy com-
plement to yogurt or oatmeal. Flaxseed oil



BOX 8-1 General Dietary Recommendations in Brief

. Eat salmon at least 3 times per week.

. Add flaxseeds to your diet or use flaxseed oil as a salad dressing.

. Eat foods high in antioxidants, such as a wide variety of berries and pomegranates.

. Eat a wide variety of fruits, vegetables, and legumes—uwhat nutritionists have been advising

for decades. In particular, eating fruits and vegetables that are in season is more nutritious.

. Use spices such as oregano, ginger, and basil, all of which exhibit antioxidant properties.

. Drink 2 to 4 cups of green tea per day.

7. Drink plenty of water (1 to 2 L a day, depending on level of exertion, humidity conditions, and
individual need).

8. Supplement with CoQ10, at least one 200 mg gel cap in the AM.

9. Drink a moderate amount of red wine, which contains the polyphenolic antioxidants resveratrol
and grape seed extract, both of which confer significant antiaging benefits. Consumption of too
much alcohol leads to free radical formation, which ages the skin.

10. Limit or avoid calorie-dense refined sugars, saturated fats, and processed foods. Sugar can

contribute to acne and accelerate aging by causing the glycosylation of necessary proteins.

11. Following the premise that what is good for the digestion is good for the skin, eat smaller

portions (the typical American diet, particularly as evidenced by restaurant portions, over-
does this considerably), and chew slowly (ideally not while reading, watching TV, or
otherwise distracted).

It is important to note that these are general guidelines. Individual dietary needs may vary. In fact,
the BSTS system is founded on the notion that skin care needs vary according to skin type. (See
Table 8-8 for oral supplementation guidelines by BSTS.) Accordingly, some dietary needs or
restrictions can be categorized by skin type. It is worth noting that ancient medical systems that
continue in the present day—traditional Chinese medicine and Ayurveda, from the Indian sub-
continent—base nutritional advice on evaluations of an individual’s constitution and their relative
deficits upon examination. Ultimately, as we are learning in the West, one healthy diet plan does
not fit al—individual tailoring is necessary.

For Vegetarians: To achieve the optimal level of essential fatty acid intake, vegetarians should follow
these practical guidelines: (1) Make a wide variety of whole plant foods the foundation of the
diet. (2) Derive the majority of fat from whole foods—nuts, seeds, olives, avocados, and soy
foods. (3) If using concentrated fats and oils, select those rich in monounsaturated fats, such as

NN —

D O

TABLE 8-8

Oral Supplement Recommendations by

BSTS Parameter

SKIN TYPE SUPPLEMENT

PARAMETER

Dry Borage seed oil
Cholesterol
Evening primrose oil
Glucosamine

QOily
Sensitive

Resistant
Pigmented

Nonpigmented
Wrinkled

Tight

Omega-3 fatty acids

Vitamin A

Fish oils, marine oils
(omega-3 fatty acids,
particularly
eicosapentaenoic acid
and docosahexaenoic
acid)

NA

Pycnogenol

Vitamin C

Soy

NA

Coenzyme Q10

Green tea

Pomegranate

Pycnogenol

Vitamin C

Vitamin E

NA

olive, canola, or nut oils. Qils rich in omega-3 fatty acids can also be used but should not be
heated. Moderate use of oils rich in omega-6 fatty acids is advised. (4) Limit or avoid intake of
processed foods and deep-fried foods rich in trans and omega-6 fatty acids. (5) Reduce intake
of foods rich in saturated fat. (6) Include foods rich in omega-3 fatty acids in the daily diet
(ideally consuming 2—4 g ALA/d). (7) Consider using a direct source of DHA, ideally 100 to

300 mg/d.

used as a salad dressing is a very healthy
approach to keeping a healthy dish
healthy—many standard salad dressings
are high in sugar. Omega-3 fatty acids
may also assist in skin hydration, as these
compounds have been shown to con-
tribute to improving eczema.

Antioxidants

Antioxidants impart protection to cells
from oxidative damage caused by exoge-
nous factors such as UV light, air pollu-
tion, ozone, cigarette smoke, and even
oxygen itself, as well as from endoge-
nous insult. The expression “antioxi-
dant” is more of a reflection of the activ-
ity exhibited by the substance rather
than its chemical family or constituency.
Antioxidants include carotenoids, poly-
phenols, vitamins, and other classes of
compounds. A diet rich in various
antioxidants is strongly advised.

Skin Hydration

Skin hydration is a very important factor
in achieving and maintaining healthy
skin. The enzymes in the skin that per-
form a variety of functions need water to
work. Without water skin will age
quicker and be more likely to itch and
get red. EPO, black currant oil, and bor-
age oil are all good sources of the omega-
6 fatty acid GLA, which helps prevent
water evaporation from the skin.
Humans tend to lose approximately 2.5
liters of water per day. This is partly
replenished through food intake. The
level of water consumption varies by
individual, one’s level of activity, and cli-
mate, but 1 to 2 liters is probably a rea-
sonable estimate. One must drink water
to prevent becoming dehydrated.
However, as far as skin is concerned it is
not how much water you drink but how
well the skin holds onto the water and

keeps it from evaporating. Skin needs
adequate levels of fatty acids, ceramides,
and cholesterol to hold onto water (see
Chapter 11). This is why vegans and peo-
ple on low-cholesterol diets or choles-
terol-lowering drugs often have dry skin.
Any liquid can provide skin hydration;
however, water consumption should be
increased when drinking caffeine and
alcohol, which can cause dehydration.

Caloric Restriction

During the last several years, one focus
of antiaging research has included
examinations oriented toward deter-
mining whether the lifespan and
healthspan of human beings can be
increased. In the process, caloric restric-
tion (CR) has been shown to prolong
the mean and maximum lifespan in var-
ious species.’® It is not yet known
whether CR can extend the average and
maximum lifespan or the healthspan of
human beings. However, available epi-
demiologic evidence appears to suggest
that CR has already contributed to
increased lifespan, average and maxi-
mum, in one human population—in
Okinawa, Japan.'® It is important to
note that restricting caloric intakes to the
extremes (as high as 60%) as performed
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BOX 8-2—nDietary Quick Fixes

Alterations to one’s lifestyle to ensure long-term improvements are not easy to implement.
Patients are often in the market for short-term solutions for longer-term problems. Dietary
guidelines for overall health as well as cutaneous health and enhancement are geared toward
long-range benefits, and can withstand or blunt the effects of occasional lapses. For the
patient who seeks to see a relatively quick change in the appearance of the skin through
nutrition alone, however, a few immediate steps can be taken, with the understanding that the
skin’s individual needs must also be taken into account. The following suggestions, based on
skin type or dietary restrictions, may be helpful:

For dry skin, increase omega-3 fatty acids, such as those in salmon, and other fatty acids and a
small amount of cholesterol to remain hydrated, and increase water consumption.

For oily skin, increase consumption of green leafy vegetables (e.g., kale and spinach), butternut
squash, cantaloupe, carrots, mangoes, pumpkins, and sweet potatoes, which are high in vitamin
A and will help decrease oil production.

For sensitive skin, as manifested through redness and facial flushing, add omega-3 fatty acids, fish
in particular, as discussed above and antioxidants, which have anti-inflammatory effects.

For sensitive skin with the acne subtype, attention should be paid to concentrating on eating a diet
with a low glycemic load. In addition to consuming the foods just cited, foods high in vitamin A are
particularly beneficial. Fruits and vegetables have lower glycemic loads than most foods.
Interestingly, given the reports and studies linking milk consumption and acne, dairy foods have
lower glycemic loads than fruits and vegetables.® (The potential role of milk in the etiologic path-
ways of acne appears to involve other factors, however.) Grain products, and processed foods in
general, are to be avoided.

For sensitive skin with the rosacea subtype, add omega-3 fatty acids, particularly through fish, but
also cut out hot (temperature) foods, spicy foods, alcohol, and caffeine.

For vegans: Add flaxseed oil to the diet. This will help hydrate the skin, reduce redness, and puff out
fine lines, restoring skin radiance. Skin radiance results from reflection of light off of a smooth

needs and cosmetic desires. But to fur-
ther carry the banner of Hippocrates,
and to take a broader look at cutaneous
health and antiaging approaches, we
must consider food, the only “medi-
cine” that all individuals require on a
daily basis. While the official or curric-
ular attitudes toward nutrition are
slowly changing, more rapidly accruing
evidence suggests that nutrition has a
varied and complex role to play in over-
all health as well as the health of the
skin. Of course, much more research is
necessary, but enough data exist to sug-
gest that the old saw “you are what you
eat” has been venerated for a reason.
The food that we consume does exert
far-reaching systemic influences that
have the potential to result in cuta-
neous manifestations.
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CHAPTER 9

The Baumann Skin
Typing System

Leslie Baumann, MD
Edmund Weisherg, MS

The modern cosmetic and skin care
product market began to take shape in
1915 amidst the intense rivalry between
the burgeoning cosmetics entrepreneurs
Helena Rubinstein and Elizabeth Arden,
both of whom opened salons that year
that would grow into powerful business
empires. Since that period, the cate-
gories “dry,” “oily,” “combination,” and
“sensitive” have been used to character-
ize what Helena Rubinstein identified as
the four fundamental skin types. While
these designations were the virtually
undisputed standards for understanding
skin type, the skin care product and cos-
metics markets were growing exponen-
tially, evolving into an innovative multi-
billion dollar industry, and spawning a
new category of products known as
“cosmeceuticals,” unregulated cosmetic
formulations that may impart some
alteration to the biologic function of
skin. In fact, these products have
become so popular that relatively recent
sales figures indicated that $6.4 billion in
sales of skin care cosmeceuticals were
projected in the US in 2004, an increase
of 7.3% from the previous year." Such
sales expectations have since been
exceeded, as by spring 2006, sales of
cosmeceuticals in the US had mush-
roomed to the $12 billion level .2

While the skin care product market
has changed significantly and under-
gone rapid expansion during the past
century, relatively few advances have
been made in the understanding or
classification of skin type. Indeed, the
traditional skin-type designations
have, in practice, come to be seen as
insufficient characterizations particu-
larly in terms of their capacity to guide
physicians and consumers toward
identifying the most appropriate prod-
ucts. This is especially noteworthy
given that more and more products are
marketed and designed for specific
skin types, often dry or sensitive skin.
When a person has dry or sensitive
skin, are those individual descriptors
the only or defining features¢ The skin
types identified by Rubinstein do not
address several other features of skin

that have been clinically observed,
such as oiliness, resistance, or propen-
sities toward pigmentation or wrin-
kling. The Baumann Skin Typing
System (BSTS) is an innovative
approach to classifying skin type that
is based on four main skin parameters:

1. Oily versus Dry;

2. Sensitive versus Resistant;

3. Pigmented versus Nonpigmented,;

4. Wrinkled versus Tight (Unwrinkled).

Because these four parameters are
not mutually exclusive, evaluating the
skin based on all four parameters yields
16 potential skin-type permutations
(Table 9-1). The Baumann Skin Type
(BST) classification is determined from
a questionnaire designed to ascertain
baseline skin type identifications as well
as assessments after significant life
changes, since skin type is not necessar-
ily static.?

The BSTS is especially useful as it pro-
vides specific guidance for physicians
and patients/consumers to identify the
most suitable skin products for the
patient’s BST.* For example, significantly
different skin care products would be
indicated for an individual with dry,
resistant, pigmented, wrinkled skin
(DRPW)), as seen in Figure 9-1, compared
to a person with oily, sensitive, pig-
mented, tight skin (OSPT), as seen in
Figure 9-2. The BST is determined by a
questionnaire that is constantly updated
and improved as new data are collected.
The questionnaire and a complete
description of each skin type including
product recommendations for each BST

can be found in the book The Skin Type
Solution, which is available in various
countries and several languages. Phy-
sicians and skin care specialists can join
the effort to collect skin-type data world-
wide and can access the most up-to-date
version of the Baumann Skin Type
Indicator (BSTI) questionnaire online by
registering at www.SkinlQ.com. The
BSTI is available in 10 languages at this
Web site. Once registered on the site,
the skin care specialist can e-mail the
link to the questionnaire to patients, so
that patients can self-administer the
examination. The result, the patient’s
BST, is available in a report to the physi-
cian or aesthetician. They can deter-
mine not only an individual’s skin type,
but also which skin types are most
prevalent in their practice. More impor-
tantly, skin care specialists and derma-
tologists can use this information to
help determine which products and
procedures are most appropriate for
their patient populations. The question-
naire (BSTI) is frequently updated fol-
lowing the evaluations of the most
recent incoming data by statisticians. In
addition, new questions are developed
as a result of this vetting process. The
nonidentifying data collected from
the site should serve to expand knowl-
edge of skin-type prevalence around the
world.

This chapter will discuss the four
parameters on which the BSTS is
based, briefly focusing on their defin-
ing characteristics and pertinent basic
science. In the process, the 16 skin-
type variations will be described. Each
of the four skin parameters has a

TABLE 9-1
The 16 Baumann Skin Types
Ouy, Ouy,
PIGMENTED NONPIGMENTED
Sensitive OSPW OSNW
Sensitive OSPT OSNT
Resistant ORPW ORNW
Resistant ORPT ORNT

DRy, DRy,

PIGMENTED NONPIGMENTED

DSPW DSNW Wrinkled
DSPT DSNT Tight
DRPW DRNW Wrinkled
DRPT DRNT Tight
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A FIGURE 9-1 This patient played tennis for many years. She has no history of skin sensitivity. Her
DRPW skin needs strong ingredients such as hydroxy acids, antioxidants, retinoids, and heavy moisturiz-
ers. If patients are on cholesterol-lowering drugs, add a coenzyme Q10 vitamin supplement. Of course, a
daily sunscreen that does not burn eyes during tennis is a must.

separate set of questions and a score is
assigned to that parameter. For exam-
ple, the oily and dry questions deter-
mine if the user is an “O” or a “D” and
assigns them an O/D score (Fig. 9-3).
Once the score is known, skin care
advice can easily be given. Treatment
options or skin care approaches linked
to the BST will also be covered with an
emphasis on noninvasive, primarily
topical therapies.

. SKIN -HYDRATION
The Spectrum of Qily (0) to Dry (D)

Dry skin is characterized by either an
impaired barrier, lack of natural moistur-
izing factor, or decreased sebum produc-

tion (see Chapter 11). Oily skin exhibits
increased sebum production (see Chapter
10). Although patients can complain of
combination skin, dry on the cheeks and
oily in the T-zone, they often fall on one
end of the spectrum. Knowing their O/D
status helps simplify their skin care. In
the BSTS, a higher score corresponds
with increased sebum production, while
a low score corresponds with decreased
skin hydration. Skin that falls in the mid-
dle of this dichotomy would be consid-
ered “normal” skin (Fig. 9-4).

Skin Care for the O to D Parameter

Oily skin types are difficult to treat
because there are no effective topical
agents that significantly reduce sebum

secretion. In addition, sunscreens,
which are often soluble in oil, may
increase skin greasiness (see Chapter
10). Oily skin is best treated with a
cleanser directed to oily types. Foaming
cleansers and cleansers with salicylic
acid can be used on these patients.
Toners may be used in this skin type, if
desired, as well. Moisturizers are often
unnecessary in oily skin types. If they
are used, lighter forms such as lotions
should be chosen. Sebum contains high
levels of vitamin E, so oily skin types
manifest a high degree of antioxidant
protection. Most oily skin types are
under the age of 40 years and may suf-
fer from acne as well. Gel and serum
formulations are preferred over creams
in oily skin types. Layering a powder
over sunscreen may help reduce the
greasiness that occurs in these patients
with sunscreen use.

Dry skin types need nonfoaming
cleansers that will not strip protective
lipids from the skin surface. While the
skin is still damp, moisturizers should
be applied to trap water on the skin’s
surface. Toners should not be used in
dry skin types. Moisturizers should be
chosen based on their ability to decrease
transepidermal water loss and repair the
skin’s permeability barrier (see Chapter
32). Extremely dry types with a very
low O/D score should avoid facial
scrubs because friction is known to
impair the skin’s permeability barrier.
There are many lotion and cream sun-
screens on the market that are appropri-
ate for dry skin types.

Normal skin types who fall in the
middle of the O/D scoring system will
fare well with a lotion formulation
rather than a gel or a cream formulation.
“Normal” skin types may change to dry
skin types in low-humidity environ-
ments or in cold weather.

. SKIN SENSITIVITY

The Spectrum of Sensitive (S) to
Resistant (R)

A high score on the S/R spectrum corre-
lates with sensitive skin, while a low
score represents resistant skin. Sensitive
skin is characterized by inflammation
and manifests as acne, rosacea, burning
and stinging, or skin rashes (see Chapter
12). The higher the “S” score is, the
greater is the likelihood that the patient
has several types of sensitive skin. For
example, a patient with rosacea only will
have a lower score than a patient with
rosacea and symptoms of burning and
stinging. These S scores can be used to



A FIGURE 9-2 This 0S'? PT patient has a history of facial flushing, redness, and acne (S1 and S2
refers to the fact that she has acne and rosacea-sensitive skin types 1 and 2). She tries to avoid sun but
lives in Miami and sunscreens usually make her sting or breakout. Her skin regimen should consist of a
salicylic acid or selenium sulfide cleanser, a serum with anti-inflammatory ingredients, a topical antibi-
otic, and a sunscreen with micronized zinc oxide and titanium dioxide. Intense Pulsed Light treatments
will improve her solar lentigos and facial redness. Antioxidant supplements such as vitamin C 500 mg
twice a day and Pycnogenol 50 mg every day may help decrease the inflammation she experiences. Mild

salicylic acid chemical peels are an option as well.

determine what skin treatments are nec-
essary and which to avoid. Resistant skin
is characterized by a robust stratum
corneum (SC) that strongly protects the
skin from allergens, other environmental
irritants, and water loss. Individuals with

resistant skin rarely experience erythema
or acne (Fig. 9-5). In general, they can be
treated with stronger skin care products
and in-office procedures, such as chemi-
cal peels, than can those with sensitive
skin (Box 9-1).

BOX 9-1 Types of Sensitive Skin

S1—Acne

S2—Rosacea

S3—Burning and stinging

S4—Susceptibility to contact and irritant
dermatitis

Skin Care for the S to R Parameter

Individuals with resistant “R” skin can
use most skin care products without fear
of incurring adverse reactions (e.g., acne,
rashes, or a stinging response). On the
other hand, the same qualities that pro-
tect resistant skin from most formula-
tions also render many products ineffec-
tive because these patients exhibit an
exceedingly high threshold for product
ingredient penetration. In other words,
resistant types have a strong skin barrier.
Therefore, people with resistant skin
may not benefit from weaker products,
which are unable to penetrate the SC of
such individuals to deliver the intended
results. Resistant patients are the ones
who should be treated with higher lev-
els of glycolic acid and will require
longer incubation periods with Levulan
prior to photodynamic therapy. They
are less likely to develop allergic reac-
tions to skin care products that sensitive
types cannot tolerate.

Individuals with sensitive skin share
one quality in common: inflammation.
Treatment is geared toward preventing

. Sensitive or Pigmented or Wrinkled or
Parameter (01157 el of Resistant Nonpigmented Tight
Very dry Very sensitive .
Slightly dry Somewhat sensitive P|gm<.anted Wrinkled
Spectrum Combination ~ Somewhat resistant ~ Nonpigmented  Tight

Scores between 7 and 28, determine

severity with low scores being

very dry and high scores being

very oily

Designation

Slightly oily
Very Qily

Very resistant

Baumann Skin Type Indicator (BSTI) evaluation algorithm for an oily (O) skin type
A FIGURE 9-3 Algorithm for assessing oily skin according to the BSTI.
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with a history or current presentation
of pigmentary alterations that can be
prevented or improved with skin care
products as well as dermatologic proce-
dures, and includes conditions such as
ephelides, melasma, postinflammatory
hyperpigmentation, and solar lentigos
(Fig. 9-7). Skin lesions that require exci-
sion or treatment beyond skin care (e.g.,
congenital nevi and seborrheic keratoses)
fall beyond the scope of the BSTS.

An individual with a propensity to
develop unwanted pigmentary changes
is classified as having the “P” skin type in
the BSTS system; a person not exhibiting
this tendency has type “N” skin (Fig. 9-8).
Knowing the “P” score of a patient will
help alert the physician to the change of
hyperpigmentation, and chemical peel
strengths and laser settings can
be adjusted accordingly to prevent post-
inflammatory hyperpigmentation in
those with high “P” scores. Patients with
the “N” skin type often have light skin
and an inability to tan; however, individu-
als with red hair, who have a tendency to
freckle, are designated as “P” skin types.

A FIGURE 9-4 Oily skin types often show a light reflection or facial shine in photographs. People KN Care for the P to N Parameter
with these skin types should use serums and gels rather than creams. If skin is combination (oily in Individuals with “N” type skin do not
the T zone), then lotions are a good choice. Retinoids in the gel form are a good option for oily skin require any special skin care products.

types.

and reducing irritation and inflammation
through the use of anti-inflammatory
products (see Chapter 35). Because there
are four distinct types of sensitive skin that
can overlap, skin care recommendations
depend on which type of sensitive skin or
which combination of types the patient
exhibits. The issues to take into considera-
tion when choosing a skin care regimen
are discussed in the corresponding sensi-
tive skin Chapters 15 to 18. In general,
those with sensitive skin should avoid
facial scrubs because friction impairs the
skin barrier and can worsen acne.

. SKIN PIGMENTATION

The Spectrum of Pigmented (P) to
Nonpigmented (N)

Skin color is not the focus here.
Although darker skin types are more
likely to exhibit the “P” (pigmented)
skin type, this parameter does not refer
to ethnicity (Fig. 9-6). Rather, the P/N
parameter measures the tendency to
develop hyperpigmentation. This seg-
ment of the BSTS determines those

However, the “P” skin types benefit from

A FIGURE 9-5 Resistant skin types have strong epidermal barriers. Skin may appear thickened or
“weathered.” This patient has the DRPW skin type. Daily sunscreen, alpha hydroxy acid moisturizers,
retinoids, and topical antioxidants should be added to her regimen. Australians, Latin Americans, and oth-
ers that live in a hot climate often have this skin type. This patient is an ideal candidate for a series of
chemical peels, dermal fillers, and botulinum toxin.



A FIGURE 9-6 Pigmented skin types develop solar lentigos, melasma, and postinflammatory hyperpig-
mentation. Although darker skin types are more likely to be pigmented types, this is not always the case. This
patient is a DRPT skin type. She avoids sun exposure and smoking and her skin tone may provide some pro-
tection from skin aging. The skin care recommendations include daily sunscreen, moisturizers, and skin-
lightening agents. Light chemical peels can be used with caution to even out skin tone. IPL cannot be safely
used because of her skin coloring; however, the Fraxel laser may be a good option when used by a physi-
cian experienced with skin of color. Asians and Latin Americans frequently have this skin type.

skin lightening ingredients such as
arbutin, hydroquinone, and kojic acid.
Products with niacinamide and active
soy may help prevent unwanted pig-
mentation. These ingredients are dis-
cussed at length in Chapter 33. Causes
of skin pigmentation are discussed in
Chapter 13. Intense pulsed light and
Fraxel treatments are useful additions
for many patients with the pigmented
BST to help remove unwanted solar
lentigos or melasma.

B skiN AGING

The Spectrum of Wrinkled (W) to
Tight (T)

This portion of the BSTS identifies the
risk for wrinkles. The questionnaire asks
about habits such as sun exposure,
smoking, and tanning bed use. In addi-
tion, it asks questions about the skin of
ancestors to ascertain the genetic influ-
ence on wrinkled skin. The “W” types
may not necessarily have wrinkles at the
time that they complete the BSTI, but in
time they will need to begin prevention
methods because they are at risk.
Individuals with lighter skin are more
likely to manifest “W” type skin than
those with dark skin. Retinoids, sun-
screen, and antioxidants should be used
in those who test out as a “W” type.

SKIN TYPE COMBINATIONS
AND CHANGES

As stated previously, evaluating the four
skin parameters together results in a
characterization of the simultaneous
state or proclivities of the skin along

four different spectra, yielding 16 differ-
ent possible skin-type permutations.
The BSTS can lend valuable assistance in
the process of treating particular skin
problems and selecting the most appro-
priate OTC products as well as dermato-
logic procedures for an individual’s par-
ticular skin type. A person with dry,
sensitive, nonpigmented, tight skin
(DSNT), for example, would benefit
from formulations with ingredients
designed to repair the skin barrier
(see Chapter 32). Products containing
retinoids and antioxidants would be
most suitable for an individual with oily,
sensitive, nonpigmented, wrinkled skin
(OSNW) because these individuals often
have acne and a tendency to wrinkle
(see Chapters 30 and 34). Product selec-
tion should also be made with the
understanding that particular skin traits,
tendencies, or conditions are associated
with certain skin types. For example, a
person with pigmented, wrinkled (PW)
skin is more likely to have a history of
chronic sun exposure, manifesting in
wrinkles and solar lentigos. Dark skin is
more common in people identified as
having pigmented, tight (PT) skin,
whereas light skin is more typical in
individuals characterized as having
nonpigmented, wrinkled (NW) skin. In
addition, eczema is more often noted in
people with dry, sensitive (DS) skin,
while acne is associated with oily, sensi-
tive (OS) skin. Rosacea is often observed
in individuals with the OSNW skin type.

A FIGURE 9-7 This patient is an ORPW skin type. A history of sun exposure and light skin color make
her more susceptible to wrinkling; therefore, she is designated as a “tendency to wrinkle” type even
though significant wrinkling is not present. The vitamin E in her sebum may have offered some protection
from her frequent sun exposure. The best skin care regimen would include daily sunscreen, alpha hydroxy
acid cleansers, skin lighteners, retinoids, and oral and topical antioxidants. The IPL or Fraxel laser would

be great therapeutic options.
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A FIGURE 9-8 This patient is an 0S?NW skin type (the S* means “rosacea type”). She has light eyes
and skin and does not tan easily. She has facial flushing and redness. Those of Irish and English ances-
try often have this skin type. Skin care should be geared toward treating inflammation with anti-inflam-
matory cleansers and serums containing ingredients such as feverfew, green tea, caffeine, and licorice
extract. Topical azelaic acid or metronidazole are good adjunct