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KEY POINTS

� Collagen, elastin, and other components of the skin diminish with age andmay be replaced through
the use of cosmeceuticals.

� Peptides induce neocollagenesis replacing lost extracellular matrix and reducing the appearance of
wrinkles.

� Cosmeceuticals containing growth factors and cytokines involved in wound repair aid in the repair
of chronic damage to the skin.

� Allogenic stem cells derived from human adipocytes produce growth factors which promote
fibroblasts within the skin along with promoting wound healing.

� Xenogenic stem cells derived from plants have anti-senescent properties.
INTRODUCTION

As the population grows, there is a particular in-
crease in the middle-aged and elderly population,
the so-called “baby boomers.” Among this popu-
lation is a continued increase in the desire for
younger looking skin. Areas of particular concern
include loss of elasticity, rhytides, irregular texture,
pigmentation, and dryness.1,2 This desire has led
to the development of cosmeceuticals, which are
in between cosmetics and physiologically altering
pharmaceuticals.

Aging occurs by two mechanisms: intrinsic and
extrinsic aging. Intrinsic aging is inevitable and re-
sults in atrophy, fibroblast reduction, and thinning
blood vessels.3 Collagen is particularly affected,
as the synthesis steadily declines with age.4
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Likewise, elastin also declines with age.4,5

Extrinsic aging primarily results from the effects
of UV damage. Other causes include environ-
mental factors, such as smoking, pollution, and
poor nutrition.3,6 This type of damage leads to
increased degradation of collagen and elastin.
Aged skin shows a decrease in extracellular matrix
(ECM) proteins, increased collagen degradation,
and decreased fibroblasts.7 Furthermore, there is
a reduction in the immune response, wound repair,
and fiber synthesis.8 Extrinsic aging leads to the
production of free radicals, which in turn activate
matrix metalloproteinases (MMPs). This activation
of MMPs also leads to ECM degradation.9

Additionally, free radicals inhibit the tissue inhi-
bitors of metalloproteinase (TIMPs). The goal of
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cosmeceuticals is to mitigate some of these ef-
fects of aging.
Effective cosmeceuticals must be able to pene-

trate through the stratum corneum while maintain-
ing their effectiveness. They also must have visible
benefits without impacting the skin’s barrier func-
tion.10Therehasbeena recent surgeof newcosme-
ceuticals, and this article discusses the functions,
limits, and benefits of peptides, growth factors,
cytokines, and stem cells used in these products.

PEPTIDES

Peptides are short amino acid chains with a func-
tional ability to alter skin physiology.11 The basic
cosmetic mechanism behind peptides is to in-
crease collagen production, replacing lost ECM
and reducing the size and appearance of wrinkles.
Peptides are able to regulate fibroblast production
of ECM components,12,13 mainly through the use
of signal peptides. It is hypothesized that the intro-
duction of subfragments of these components,
such as elastin and collagen, will act as feedback
stimulators inducing their own synthesis.11

Use of peptides for topical application is limited
by the ionic nature of the amino acid chains.14

However, this may be circumvented through the
incorporation of a lipophilic derivative, such as pal-
mitoyl. Peptides generally have a short half-life
when delivered orally because of significant
first-pass effect. By delivering them transdermally,
fully functional peptides may be delivered to
the desired site. The length and membrane perme-
ability are important when assessing them for use
in cosmeceuticals.15 Addition of peptides to prod-
ucts can get very costly; however, minimal com-
positions of peptides have shown significant
results. Peptides are thus very potent and require
only minor amounts, minimizing cost.

Signal Peptides

This discussion focuses on signal peptides, which
stimulate ECM production, specifically increasing
collagen synthesis. A list of functional peptides
found in cosmeceuticals can be found in Table 1.
One of the longest used peptides, oligopeptide-
20, consists of 12 amino acids. This peptide in-
creases collagen and hyaluronic acid in cultured
keratinocytes and fibroblasts.16 Another peptide
shown to increase collagen production is palmitoyl
pentapeptide-4 (Pal KTTKS). Pal KTTKS is a frag-
ment of procollagen I. It increases production of
collagen I and III through the stimulation of fibro-
blasts, and also stimulates production of fibro-
nectin and elastin.10,17,18 The palmitoyl derivative
was added to the pentapeptide, increasing its lipo-
philic properties and enhancing absorption. Pal
KTTKS also inhibited the production of glycoasa-
minoglycans in the skin, an increase of which is
associated with increased age and photodam-
aged skin.19

Palmitoyl-lysine-threonine (pal-KT) is one of the
shortest peptides. When tested with human skin
equivalents, it was found to enhance differentia-
tion of the epidermis, basement membrane zone,
and dermal fibroblasts.20 Within dermal fibro-
blasts, pal-KT increased collagen I, collagen IV,
and fibronectin.
The hexapeptide, consisting of amino acids val-

gly-val-ala-pro-gly, is an elastin fragment with
chemotactic properties. It attracts cells to wound
sites10 and significantly stimulates fibroblast prolif-
eration within human skin.11 It also decreases the
expression of elastin.21 Conversely, this peptide
has been found in another study3 to induce pro-
teolytic and inflammatory damage by upregulation
of MMP-1 and MMP-3, requiring further study.
Tripeptide-10 citrulline (T10-C) is a decorin-like

molecule. Decorin is a leucine-rich proteoglycan
directly involved in matrix organization. By binding
to the surface of collagen molecules, decorin
regulates their interaction with other collagen
molecules, stabilizing and orienting them, thus es-
tablishing a uniform tissue shape. This mechanism
increases the tensile strength of collagen and
reduces collagen disruption. With age, however,
comes a lack of functional decorin within the
skin.22 Instead, it is replaced with a truncated,
nonfunctional fragment known as decorunt.
T10-C contains the collagen-binding site se-

quences of decorin and, like decorin, is able to
regulate collagen fibers. Unlike other peptides,
which increase the quantity of collagen, it in-
creases the quality of the collagen, enhancing uni-
formity and increasing cohesion. T10-C showed a
decrease in collagen fiber diameter, similar to de-
corin, which led to increased skin suppleness and
firmness.23 Another peptide, arg-gly-asp-ser, en-
hances ECM structure. This tetrapeptide is a frag-
ment of fibronectin and enhances cell and collagen
cohesiveness.10

Peptamide-6 is derived from the yeast Saccha-
romyces. It is a firming peptide that works by
upregulation of growth factors and increasing
collagen synthesis. This peptide has been shown
to improve skin elasticity and deformation
response.23

Acetyl tetrapepide-9 and -11 (AcTP1 and
AcTP2, respectively) increase skin thickness and
firmness. AcTP1 increases collagen I and lumican
synthesis. AcTP2 stimulates keratinocyte growth
and syndecan-1 synthesis.24

In addition to their effects on the ECM, peptides
may also function as skin whitening agents. PKEK,



Table 1
Peptides used as cosmeceutical ingredients

Antiaging Effect Peptide Type Peptide Mechanism

Wrinkle and
fine line
reduction

Signal Arg-gly-asp-ser Increases cell-cell cohesion
Oligopeptide-20 Increases collagen and hyaluronic

acid
Pal-KTTKS Increases collagen I and III,

fibronectin, and elastin
Inhibits glycoasaminoglycans
formation

Pal-KT Induces differentiation of the
epidermis, BM zone, and
fibroblasts

Increases collagen I, collagen IV, and
fibronectin

Amino acids val-gly-val-
ala-pro-gly

Stimulates fibroblast proliferation

Carrier and
signal

Glycyl-L-histidyl-L-lysine Enhances collagen production
Cu complex inhibits TIMP-1 and -2,
increases levels of MMP-1 and -2,
and increases synthesis of
dermatan sulfate and heparin
sulfate

Enzyme
inhibiting

Tyr-tyr-arg-ala-asp-
asp-ala

Inhibits procollagen C proteinase

Wrinkle
improvement,
firming

Signal AcTP1 Increases collagen I and lumican
synthesis

AcTP2 Stimulates keratinocyte growth and
syndecan-1 synthesis

T10-C Mimics decorin
Increases collagen fiber uniformity
and enhances cohesion

Skin firming Signal Peptamide-6 Increases collagen synthesis
Upregulates growth factors

Skin whitening Signal PKEK Reduces IL-6, IL-8, tumor necrosis
factor-a,
proopiomelanocorticotropin, a-
melanocyte-stimulating hormone,
tyrosinase

Abbreviations: AcTP1, acetyl tetrapepide-9; AcTP2, acetyl tetrapepide-11; Pal-KT, palmitoyl-lysine-threonine; Pal-KTTKS,
palmitoyl pentapeptide-4; T10-C, tripeptide-10 citrulline.
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a tetrapeptide of amino acids pro-lys-glu-lys, re-
duces pigmentation by reducing the expression
of interleukin (IL) -6, IL-8, tumor necrosis factor-a,
proopiomelanocorticotropin, a-melanocyte-stimu-
lating hormone, and tyrosinase secondary to UVB
upregulation of these genes.25 Skin pigmentation
is thus decreased by reduction of UVB-induced
proinflammatory reactions.

Sirtuin genes may also be altered through the
application of peptides. A biopeptide developed
from the yeast Kluyveromyces has been shown
to stimulate sirtuins within human skin cells,26 spe-
cifically SIRT1. Sirtuins enhance cell longevity by
allowing transcription to occur. This occurs
through deacetylation of silenced genes. SIRT1
has also been shown to increase manganese su-
peroxide dismutase, resulting in enhanced repair
of oxidative stress.27 Sirtuins are decreased in
aging skin and it can thus be hypothesized that
increasing themwill result in skin longevity. Topical
application reduces wrinkles and pigmented
spots, along with improving skin texture and
hydration.26
Enzyme-Inhibiting Peptides

Another type of peptide is the enzyme-inhibiting
peptide. One of these is made up of the amino
acid chain tyr-tyr-arg-ala-asp-asp-ala. This in-
hibits procollagen C proteinase, whose function
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is to cleave a portion of type I procollagen. By
inhibiting this enzyme, there is a reduced destruc-
tion of procollagen.28

Carrier Peptides

Carrier peptides are another subtype. Peptides,
such as glycyl-L-histidyl-L-lysine, have been
shown to facilitate copper uptake by cells.29 Cop-
per has beneficial effects on the skin and is
required for wound healing.11 Alone, this tripeptide
also enhances collagen production.11 Together,
the Cu-tripeptide complex facilitates dermal
remodeling through inhibition of TIMPs 1 and 2,
and increasing levels of MMP-1 and -2.30 Specif-
ically within fibroblasts, this complex increases
synthesis of dermatan sulfate and heparin
sulfate.31

Potency and Adverse Effects

Among the peptides discussed, effects are gener-
ally seen in about 8 weeks with twice daily applica-
tion. Mixtures between 3 and 10 ppm exhibit
efficacy, indicating high potency. PKEK required
the most active ingredient, 40 ppm, to generate
the desired effect. No significant adverse effects
were seen, including redness, burning, or itching.
Likewise, there was no impact on skin barrier func-
tion, based on transepidermal water loss mea-
surements. Improvements were seen in wrinkles,
fine lines, and skin roughness.

GROWTH FACTORS AND CYTOKINES

Many growth factors are involved in wound heal-
ing, both chronic and acute. Growth factors have
been introduced into the cosmeceutical world
based on the hypothesis that the aging process
of skin is similar to that of a chronic wound.9 Their
ability to increase fibroblast and keratinocyte pro-
liferation within the dermis, thus inducing ECM
formation, supports this idea.7 Aging skin has
reduced amounts of fibroblasts and decreased
levels of growth factors. By supplementing these
normal growth factors, we may allow for the natu-
ral repair of skin.
Growth factors are produced and secreted by

many cell types of the skin, including fibroblasts,
keratinocytes, and melanocytes. Included within
these secreted growth factors are those that regu-
late the immune system, also known as cytokines.
Cytokines are also involved in skin repair.32 Many
growth factors are involved in wound repair and
thus most of the topical products contain a com-
bination of growth factors. It is important to
combine growth factors and cytokines because
they work together and regulate each other
throughout the healing process. A general over-
view of the growth factors and cytokines found
in cosmetic products and their functions can be
found in Table 2.
One of the concerns with growth factors, as with

other peptides, is their size and ability to penetrate
the epidermis. Growth factors and cytokines
are very large molecules, usually more than
15,000 Da, and are hydrophilic.33 However, it is
proposed that absorption occurs byway of hair fol-
licles, sweat glands, and compromised skin.34–36

Once absorbed into the epidermis, communication
is able to occur between epidermal cells and cells
of the dermal layers.37,38 Growth factors are also
very unstable outside of their physiologically active
environment unless stored at –20�C, which is
clearly not practical for the use of cosmetic appli-
cation. One study,39 however, showed that growth
factors and cytokines remained stable for more
than 24 months.
Growth factors regulate cell growth and thus

have a potential for carcinogenic transformation
of cells.9 This is proposed to be largely based on
the presence of vascular endothelial growth factor
(VEGF). Receptors for VEGF are present on some
types of melanoma cells.40 However, increased
VEGF in melanoma has had conflicting results.
One study has shown an increase in melanoma
cell proliferation when cells were combined with
VEGF, whereas another failed to do so.41,42 A
Food and Drug Administration investigation of a
growth factor product determined that very large
concentrations of growth factors, much higher
than the levels found in topical cosmeceutical
products, are required for this potential.9 Further-
more, because of the large size, minimal amounts
of growth factors enter the skin. Thus, topical
application of growth factors is unlikely to have
any effect on cancer growth.40

Topical transforming growth factor (TGF)-b1
has been shown to restore damaged skin and
increase epidermal thickening and the Grenz
zone layer; histologic studies have shown in-
creased epidermal thickness and fibroblast den-
sity.43 A reduction of solar elastosis was also
seen, particularly among patients withmore severe
photodamage. An increased number of smaller-
diameter collagen fibers were seen demonstrating
neocollagenesis. There was a decrease in the ap-
pearance of wrinkles.44 Patients reported im-
proved skin elasticity, texture, hydration,
lines, and wrinkles, along with decreased skin
tightness.43

One source for growth factors, cytokines, and
matrix proteins is neonatal dermal fibroblasts,
which secrete more than 110 of these combined
products.33,45 A study of applications of these



Table 2
Growth factors and cytokines found in cosmeceutical products

Growth factors Fibroblast growth factor Activates fibroblasts, angiogenic, induces
collagen synthesis

Heparin binding-epidermal
growth factor

Keratinocyte and fibroblast mitogen

Hepatocyte growth factor Tissue regeneration and wound healing
Insulin-like growth factor Activates fibroblasts and endothelial cells
Placenta growth factor Activates fibroblasts, promotes endothelial

growth
Platelet-derived growth factor Induces fibroblast migration, fibroblast

mitogen, matrix production
Transforming growth factor-b1 Induces keratinocyte, fibroblast, and

macrophage migration, and angiogenesis
Initiates collagen and fibronectin synthesis;
modulates degradation of matrix proteins

Transforming growth factor-b2 Induces keratinocyte, fibroblast, and
macrophage migration; initiates collagen
and fibronectin synthesis

Transforming growth factor-b3 Antiscarring
Vascular endothelial growth factor Inhibits collagen and hyaluronic acid

degradation

Cytokines IL-1a and -1b Activates growth factor expression in
macrophages, keratinocytes, and
fibroblasts

IL-1ra Anti-inflammatory
IL-10 Anti-inflammatory
IL-13 Anti-inflammatory
Tumor necrosis factor-a Activates growth factor expression in

macrophages, keratinocytes, and
fibroblasts

Next Generation Cosmeceuticals 17
products shows a statistically significant decrease
in wrinkles and fine lines along with an increase
in Grenz zone collagen and epidermal thickness
after topical application to Fitzpatrick skin types
II and higher.46 These effects were found to last
at least 3 months after the discontinuation of treat-
ment. Improvements were also shown in skin
roughness and shadows after topical application
to mild to severe photodamaged skin. This was
particularly evident among those with more severe
photodamage.45

Processed skin-cell proteins from cultured fetal
dermal fibroblasts contain a mixture of more than
100 growth factors and cytokines (Box 1).3 Fetal
fibroblasts have been used for wound healing in
the pediatric population and have been shown to
produce complete closure.47 Experiments have
shown that a decrease in TGF-b1 and TGF-b2,
and an increase in TGF-b3 are associated with
the scarless repair seen in fetal skin.3,48
Potency and Adverse Effects

After 2 months of twice daily application, improve-
ments of wrinkles in the periorbital and perioral
areas were seen. Reduced dark under-eye color
was noted, and improved texture and firmness.
These effects may have resulted from increased
collagen production of the skin under the eyes.
Thicker skin aids in the ability to cover the underly-
ing vessels responsible for the appearance of dark
circles.49 Improvements became statistically sig-
nificant after 30 days of treatment and continued
to improve for the remainder of the 6 weeks.
Cheek skin was also noted to be tighter and firmer.

Growth factors are safe and have not been
associated with any risks, although there is a po-
tential for allergic reaction in hypersensitive pa-
tients.40 Topical application produces increased
collagen generation, thickening of the epidermis,
and improvements in skin texture and wrinkles.46
STEM CELLS

Stem cells are being studied for their potential use
in cosmetics. These products, which include
serums and creams, can contain many stem cell
extracts to renew, generate, and repair skin. A
stem cell is one that can divide and proliferate,
constantly renewing itself, and can subsequently



Box 2
Components of ASC-CM

� Fibroblast growth factor

� Fibronectin

� Hepatocyte growth factor

� Insulin-like growth factor–binding protein 1
and 2

� Keratinocyte growth factor

� Macrophage colony–stimulating factor
receptor

� Placenta growth factor

� Platelet-derived growth factor-AA, and
receptor -b

� Transforming growth factor-b1, -b2

� Type 1 collagen

� Vascular endothelial growth factor

Box 1
Growth factors and cytokines found within
processed skin-cell proteins from cultured fetal
dermal fibroblasts

� Beta-nerve growth factor

� Epidermal growth factor

� Fibroblast growth factor-2, -4, -6, -7, -9

� Granulocyte colony–stimulating factor

� Granulocyte-macrophage colony–stimulating
factor

� Hepatocyte growth factor

� Insulin-like growth factor-1

� IL-1a

� IL-1b

� IL-1ra (IL-1 receptor antagonist)

� IL-6

� IL-8

� IL-10

� IL-12

� IL-13

� Interferon-g

� Platelet-derived growth factor

� Placenta growth factor

� TGF-b1

� TGF-b3

� TIMP-1

� TIMP-2

� Tumor necrosis factor-a

� VEGF
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be differentiated. Stem cells can be used in cos-
meceutical products; they are extracted from ani-
mal or plant sources and then cultured in the
laboratory to yield extracts of the stem cells. Sour-
ces include human adipose tissue; sheep and cow
placentas; and plant sources, such as Swiss apple
seed.
Allogenic stem cells for dermatologic use arise

from human adipocytes. Adipose tissue is abun-
dant in mesenchymal stem cells (MSC), which
show an ability to regenerate damaged skin.50–52

Conditioned media of adipose-derived stem cells
(ASC-CM), which are stable, have potential bene-
fits when applied topically. Growth factors pro-
duced in ASCs can promote collagen synthesis
by dermal fibroblasts.53,54 Growth factors and
other components found to be upregulated within
the cultured medium can be found in Box 2.55,56

Furthermore, ASCs promote wound healing,
improve wrinkling, and inhibit melanogenesis.57–60

They can be used to replace lost soft tissue
through the induction of ASCs into adipocytes.61

ASCs are similar to other MSCs, including bone
marrow–derived stem cells,50 with respect to cell-
surface receptor exhibition, morphology, and their
differentiation capacity.62,63 Surface markers
expressed by ASCs and MSCs include those for
adhesion molecules, cell surface enzymes, ECM
proteins, and glycoproteins.64–66 They also both
secrete collagen, fibronectin, VEGF, hepatocyte
growth factor, and fibroblast growth factor.53,67,68

Cluster of differentiation 90, a marker for MSCs,
was found on more than 80% of ASCs.58

ASCs stimulate collagen synthesis and de-
crease MMP-1 levels. They also stimulate the
migration of dermal fibroblasts resulting in wrinkle
improvements, and protect fibroblasts from oxi-
dative stress induced by UVB irradiation.50,59

ASC-CM significantly enhanced glutathione
peroxidase activity resulting in part of this antioxi-
dative function.59 They also are able to lighten skin
through inhibition of melanin synthesis and tyrosi-
nase activity in a dose-dependent manner.58 Anti-
inflammatory properties result from the secretion
of ILs, hepatocyte growth factor, and TGF-b1,
which modulate lymphocytic activities.50 It was
shown that caspase-3 activity induced by t-butyl
hydroperoxide treatment was reversed by pre-
treatment with ASC-CM,59 thus promoting its anti-
apoptotic capabilities.57,59,60

Whitening effects of ASC-CM results from the
downregulation of tyrosinase and tyrosinase-
related protein 1. These effects have been shown
to be mediated by TGF-b1, because reversal of
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these effects was observed after knock-out
of TGF-b1. It has been shown that this reduction
of tyrosinase and tyrosinase-related protein 1 is
not caused by the inhibition of mRNA expression,
but rather by an increased rate of degradation of
these molecules.58

Stem cells derived from plants include the
Uttwiler Spatlauber apple tree from Switzerland
and jasmine and lilac seeds.69 This particular
apple tree was chosen because of its prolonged
storage properties. The hypothesis is that they
prolong longevity when mixed with a person’s
endogenous stem cells. These cells have been
shown to reverse or delay senescence, the natural
process of aging. Fibroblasts were incubated with
2% stem cell extract after induction of senescence
using H2O2 treatment.69 This was identified by an
upregulation or neutralization in several genes
important for cellular growth and proliferation.
Likewise, isolated hair follicles maintained in
growth medium were also shown to have a slightly
prolonged growth phase, by 4 days.69

Potency and Adverse Effects

Clinically, products containing 2% Uttwiler
Spatlauber stem cell extract have been shown to
significantly reduce wrinkles in as little as 2
weeks.56,69–71 However, studies are required to
determine the exact mechanisms behind these
results and the duration of effectiveness. Although
still lacking rigorous data of extensive human
studies and research on stem cells, interest con-
tinues to rise.
SUMMARY

Cosmeceuticals are a safe and effective way to
improve the undesired effects of aging. There are
various agents that can be applied to address
wrinkles, fine lines, and hyperpigmentation. Cos-
meceuticals exert local effects, without systemic
absorption. They are also generally well tolerated
and no major adverse effects have been observed.
Many different options exist, including peptides,
growth factors, cytokines, and stem cells, which
have joined the cosmeceutical armamentarium.
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