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ABSTRACT: Growth factors play an important role in reversing the effects of skin aging mediated by
chronological and environmental factors. Excessive oxidation of intra- and extracellular components
result in breakdown of collagen and elastin network in the dermis and produce the effect of facial
aging. Topical application of human growth factors in multiple clinical studies has been shown to
reduce the signs and symptoms of skin aging, including statically significant reduction in fine lines
and wrinkles and increase in dermal collagen synthesis. More double-blind and controlled studies
are needed to confirm the preliminary clinical effects of growth factor products, and more controls
on product quality and stability need to be established.
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Introduction
Aging of the skin is mediated by a combination of
the effects of time (intrinsic aging) and environmental factors (extrinsic aging) on cellular and extracellular infrastructure. These are two independent,
clinically and biologically distinct, processes
that affect the skin structure and function simultaneously (1,2). Growing evidence now suggests
that the two aging processes have converging
biochemical and molecular pathways that lead to
photoaging of skin (3,4). The common mechanisms
of the two aging processes may provide several
unique opportunities to develop new antiaging
therapies. Recent advances in understanding the
role of endogenous growth factors in the aging
process provide one such opportunity to develop
novel antiaging cosmeceutic products.

Intrinsic and extrinsic aging of skin
Intrinsic or sun-protected aging of skin is mediated
by the “biologic clock” that affects the skin in the
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same manner as it affects the internal organs, i.e.,
by slow, irreversible tissue degeneration. Telomere
shortening combined with metabolic oxidative
damage is believed to play a major role in the
intrinsic aging process (5). Intrinsic aging affects
everyone at different rates based on genetic factors
(6). Intrinsically aged skin is thinner, more evenly
pigmented, shows higher laxity, and less fold
accentuation as compared to photoaged skin.
Extrinsic aging is mediated by environmental
factors including exposure of skin to solar UV
radiation and environmental pollutants. Photoaged
skin usually shows coarseness, wrinkling, sallow
discoloration, telangiectasia, elastosis, irregular
pigmentation, and a variety of benign, premalignant
and malignant neoplasm (3). Intrinsic and extrinsic
aging are cumulative processes that occur simultaneously, and over time result in photoaging.
Histologic evaluations show that sun-protected
skin contains a lower number of fibroblasts, flat
epidermal–dermal interface with loss of the dermal
papillae, elevated levels of partially degraded
collagen, and irregularly thickened, fragmented,
and disorganized elastic tissue network (7,8). It
also shows a reduction in total elastin content
and ability to synthesize type I procollagen as
compared to young skin (8,9). Photoaged skin
shows a statistically significant decrease (20%) in
total collagen as compared to sun-protected skin
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FIG. 1. Biochemical pathways of intrinsic and extrinsic aging leading to the symptoms of photoaging.

(10–12). Photoaged skin also shows marked elastosis
with thickened, tangled, and amorphous elastic
structures containing fragments of elastin and
collagen that replace degenerating collagenous
meshwork (8,13–17). The mean epidermal thickness appears to decrease with age in either sunprotected or photoaged skin (18,19).

Biochemical pathways of skin aging
Extensive research in the area of photoaging over
the past decade has resulted in an improved
understanding of the molecular mechanism of
the aging process. FIGURE 1 shows a summary of
major pathways involved in the aging process.
Absorption of UV radiation by chromophores in
the skin results in formation of reactive oxygen
species (ROS) including superoxide anion and
hydrogen peroxide. Normal oxidative metabolism
(mitochondrial oxidative energy generation) also
results in formation of excess ROS (20,21). ROS
play a central role in intrinsic and extrinsic aging
by increasing oxidative phosphorylation of cell
surface receptors causing activation of one or more
components of MAP kinase signaling pathways
resulting in activation of transcription factors
activator protein 1 (AP-1) and nuclear factor-kappa
B (NF-κB) (22–25).

AP-1 stimulates transcription of matrix metalloproteinase (MMP) growth factor genes in fibroblast
and keratinocytes, and inhibits type I procollagen
gene expression in fibroblasts (10). Multiple studies
have shown that activation of the MMP secretion
as a result of intrinsic and extrinsic aging produces
breakdown of dermal matrix (14,26,27). Different
subtypes of MMP have different substrate proteins
on which they act to produce a break in their
primary sequence. MMP-1 (collagenase) produces
cleavage at a single site in central triple helix of
fibrillar type I and type III collagen. The cleaved
subunits are further degraded by MMP-3 (stromelysine 1) and MMP-9 (gelatinase). Activity of MMP
is decreased by binding with tissue inhibitors of
metalloproteinase (TIMP). ROS inactivates TIMP
thereby increasing MMP activity. AP-1 mediated
reduction in synthesis of procollagen appears to
result from two mechanisms, interference of
AP-1 with type I and type III procollagen gene
transcription and blocking the profibrotic effects
of TGF-β by impairment of TGF-β type II receptor/
smad pathway (28).
Activation of NF-κB stimulates transcriptions
of proinflammatory cytokine genes including IL-1,
TNF-α, IL-6, and IL-8 (29). Inflammation resulting
from these cytokines increases secretion of ROS
and more cytokines further enhancing the effect
of UV exposure. Inflammation causes protease
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FIG. 2. Healing and remodeling of skin damaged by the effect of intrinsic aging, extrinsic aging, wound, or laser procedures.

mediated degradation of elastin and UV exposure
causes formation of abnormal elastin by fibroblasts
(19). UV light is also an inhibitor of leukocyte
elastase thereby increasing accumulation of elastotic
materials (30). The accumulation of elastotic
materials is accompanied by degeneration of
surrounding collagenous network (14).
The overall effects of these interlinked biochemical
activities is reduction of procollagen synthesis,
increase of collagen degradation in the dermal
extracellular matrix, and increase in irregular
elastin deposition.

Skin aging and wound healing
Some of the biochemical effects of intrinsic and
extrinsic skin aging are similar to formation of
a wound and the process of wound healing.
FIGURE 2 shows a schematic of the process of
photodamage and wound healing. Formation of
a wound or UV damage induces inflammation
via several pathways including NF-κB mediated
activation of TNF-α and interleukins (29). Inflammation results in generation of ROS and proteolytic
enzymes resulting in degradation of extracellular
matrix. Successful wound healing requires a balance
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between development of inflammation and its
rapid resolution which includes involvement of
growth factors and cytokines such as TGF-β, TNFα, PDGF, IL-1, IL-6, and IL-10 (31). Intrinsic aging
does not show the inflammatory component seen
with healing of acute photodamage and wounds;
instead, mitochondrial oxidative metabolism produces some of the key mediators of extracellular
matrix degradation including ROS (20,21).
Transition from inflammatory phase of wound
healing to granulation phase is mediated by a
variety of growth factors and cytokines including
PDGF, TGF-α, TGF-β, FGFs, IGF-1, CSF, ILs, and
TNF-α (32–36). The growth factors and cytokines
are derived from macrophages, epidermal keratinocytes, and fibroblasts. Multiple metabolic
pathways lead to formation of new collagen and
repair of extracellular matrix during the granulation
phase.
The final stage of wound healing after granulation and wound re-epithelialization or peeling of
sun-burned skin is the beginning of dermal tissue
remodeling. During this stage low strength, unorganized type III collagen and elastin structures
produced during the ECM production phase are
replaced by stronger type III collagen and structured elastin fibers to provide strength and resiliency
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Table 1. Growth factor signals at the wound site
Growth factor

Primary target cells and effect

Refs

HB-EGF
FGFs 1,2, and 4
PDGF

Keratinocyte and fibroblast mitogen
Angiogenic and fibroblast mitogen
Chemotactic for macrophages, fibroblasts; macrophage activation; fibroblast
mitogen, and matrix production
Endothelial cell and fibroblast mitogen
Keratinocyte migration; chemotactic for macrophages and fibroblasts
Antiscarring
Early activators of growth factor expression in macrophages, keratinocytes and
fibroblasts
Similar to the IL-1s

64
65,66
67

IGF-1
TGF-β1 and β2
TGF-β3
IL-1α and -β
TNF-α

to the dermis. This remodeling phase can last for
several months and is the key to reversing the
visible effects of skin aging (37).

Role of growth factors in reversing
the effects of skin aging
The use of growth factors and cytokines in skin
rejuvenation and reversal of photoaging is emerging as a novel antiaging treatment. Increased
understanding of the role of growth factors and
cytokines in wound healing has sparked great
deal of interest, resulting in evaluating their role
in repair and remodeling of dermal infrastructure.
Table 1 lists some important growth factors and
cytokines that affect the proliferation of dermal
fibroblasts and extracellular matrix production.
Providing some of these agents to cells responsible
for extracellular matrix production and remodeling
may benefit in rejuvenation of aging skin. Several
cosmeceutic products containing either a single
human growth factor or combination of multiple
human growth factors and cytokines are currently
marketed for skin rejuvenation. Clinical results
are now available for some of these products and
the results show that human growth factors when
applied topically provide beneficial effects in
reducing the signs of facial skin aging (37–39).
TNS Recovery Complex (SkinMedica Inc.,
Carlsbad, CA) contains NouriCel-MD, a proprietary
mixture of growth factors, cytokines, and soluble
matrix proteins secreted by cultured neonatal
human dermal fibroblasts during production of
extracellular matrix in an oil-free gel formulation.
Neonatal fibroblasts have been used in the manufacture of several approved burn and wound-healing
products including Dermagraft (40) and TransCyte
(41) (Advanced BioHealing, La Jolla, CA). In a clinical
study, 14 patients with Fitzpatrick class II or greater
facial photodamage applied TNS Recovery Complex

36,68
69
69,70
71
71

twice daily for 60 days. The patients were evaluated
for clinical grading of photodamage on a nine-point
scale, optical profilometry and punch biopsy for
Grenz-zone collagen measurements. The results
show a statistically significant reduction in fine
line and wrinkles and reduction in periorbital
photodamage. Clinical grading showed a 12.2%
improvement (p = 0.0003) in periorbital area after
60 days compared to baseline. FIGURE 3 summarizes

FIG. 3. Statistically significant reductions were observed in
fine lines and wrinkles on the upper cheek using optical
profilometry after using SkinMedica’s TNS Recovery Complex
twice daily for 60 days.
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FIG. 4. Thickening of the Grenz zone, indicating new
collagen formation (36% increase over baseline), as well as
epidermal thickening (30% increase over baseline) is seen
after using SkinMedica’s TNS Recovery Complex twice daily
for 60 days.

the reduction in fine lines and wrinkles measured
by optical profilometry which show a 14.1%
decrease in RA measurement (p = 0.008) and a
36.2% decrease in shadow measurements (p = 0.02).
Measurements of Grenz-zone collagen and epidermal thickness measured from the biopsy show a
37% increase in Grenz-zone collagen and a 30%
increase in epidermal thickness (FIG. 4) (37). Studies
of longer durations show dramatic improvement
in visible signs of aging. FIGURE 5 shows a case
study of patient using TNS Recovery Complex
twice daily for 6 months with a visible reduction
in periorbital wrinkles in 3 months with continued
improvements for 6 months.
Bio-Restorative Skin Cream (NeoCutis, Inc., San
Francisco, CA) contains Processed Skin-Cell Proteins
(PSP), a proprietary growth factor and cytokine

354

mixture extracted from cultured first trimester fetal
human dermal fibroblasts in a moisturizing cream.
Fetal fibroblasts have been used to construct skin
grafts with horse collagen and have been clinically
shown to produce complete closure of burn wounds
in pediatric patients (42). Fetal fibroblasts express
transient and lower amount of TGF-β1 than adult
fibroblasts, which may be resulting in scarless
healing of skin during the first trimester of pregnancy (43). In a clinical study, 18 patients with
Fitzpatrick class II or greater facial photodamage
applied Bio-Restorative Skin Cream twice daily for
60 days. The patients were evaluated for clinical
grading of photodamage on a five-point scale
and facial photography. The results showed an
improvement in average wrinkle score in periorbital and perioral areas. FIGURE 6 shows the
clinical grading results from this study. A 17%
decrease in periorbital area and a 13% decrease
in perioral area were seen after 60 days compared
to baseline. Improvements were also seen in the
texture of cheek and chin areas (39).
Cell Rejuvenation Serum (CRS, Topix Pharmaceuticals, NY) contains liposome-encapsulated TGFβ1, L-ascorbic acid and black cohosh (Cimicifuga
racemosa) extract in a silicone base. Clinical studies
with TGF-β3 have shown increased wound healing
rates in the treatments of pressure ulcers (44). In
a clinical study, 12 patients with facial wrinkling
applied CRS cream on one-half of the face and
a CRS cream without TGF-β1 on the other half of
the face twice daily for 3 months. The patients
were evaluated for clinical grading of photodamage
on a five-point scale and facial photography. The
results showed a statistically significant (p < 0.05)
improvement in wrinkle score for TGF-β1 contain
cream as compared to cream with only L-ascorbic
acid and black cohosh extract. In another arm of
the same study, 19 patients with facial wrinkling
applied CRS with TGF-β to one-half of the face
and TNS Recovery Complex to the other half twice
daily for 3 months. The patients were evaluated
for clinical grading of photodamage on a fivepoint scale and facial photography. The results
showed that both CRS and TNS Recovery Complex produced a statistically significant (p < 0.05)
improvement in wrinkle score compare to
baseline (38).

Growth factors as adjuncts to
procedure
Laser resurfacing rejuvenates skin primarily by
producing controlled wounds to localized area,
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FIG. 5. Visible reduction is periorbital wrinkles in 3 months with continued improvements for 6 months in a patient using TNS
Recovery Complex twice daily for 60 days.

FIG. 6. Mean of facial wrinkle and texture scores as a function of time as assessed by investigators. The scores are baseline, after
30 days, and after 60 days of twice daily use of NeoCutis Bio-Restorative Skin Cream. (n = 18). (39)

which is followed by inflammation and healing
resulting in stimulation of cytokine-mediated dermal collagen formation and structural remodeling
of superficial dermis (45,46). Histologic studies
have shown degrees of grenz zone collagen with
laser rejuvenation similar to those with treatment

using topical retinoids, vitamin C and growth
factors. For noninvasive, nonablative laser resurfacing, the post-treatment application of growth
factors in a topical formulation may provide
benefit in accelerated or improved wound healing.
Laser resurfacing also alters the barrier properties
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of skin and may allow greater penetration of
growth factors immediately postprocedure. Therefore, combining growth factors with laser resurfacing
should not only improve postprocedure recovery
time but also provide a synergistic effect on skin
rejuvenation. Growth factors are also useful in the
preprocedure period to condition the skin and
allow for a more robust rejuvenating response to
laser resurfacing.

Proposed mechanism of action of
topical growth factors
Many studies have shown that hydrophilic
molecules larger than 500 Da molecular weight
have very low penetration through stratum
corneum (47,48). Growth factors and cytokines are
large hydrophilic molecules greater than 15,000 Da
molecular weight and are unlikely to penetrate
through the epidermis in measurable quantity to
produce pharmacologic effects. However, results
of the clinical studies described here clearly show
that topical application of these macromolecules
may have significant clinical benefits. The primary
mechanisms by which the growth factors and
cytokines can potentially exert their effect on the
dermal matrix is by penetration through hair
follicles, sweat glands, or compromised skin (49,50)
followed by interaction with cells in the epidermis
such as keratinocytes to produce signaling cytokines
that affect cells deeper in the dermis such as
fibroblasts (51,52). Skin may contain very small
imperfections resulting from dryness, scratching,
and use of products containing irritating chemicals
that may allow small amount of large molecular
weight materials to penetrate into the viable part
of the epidermis. Aged skin is thinner, more susceptible to perturbations, and takes longer time to
recover from loss of barrier function (3,53). Addition
of lipophilic penetration enhancers or barrieraltering peptides may increase penetration of
proteins through intact skin (54,55). Recent studies
have shown that vaccines can exert immunologic
response when applied topically, probably resulting from penetration of a very small amount of
proteins through intact skin (56). Similar extent of
penetration may also be sufficient for topically
applied growth factors to produce an effect on
epidermal cells.
Pathways of epidermal–dermal communications
during wound healing may play a critical role in
mediating the effects of topically applied growth
factors and cytokines (57). Evidence strongly
suggests presence of a double paracrine loop where
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keratinocytes stimulate fibroblasts to synthesize
growth factors that in turn stimulate keratinocyte
proliferation, resulting in amplification of initial
effect of topical growth factors (57,58). Keratinocytes
express surface receptors for many growth factors
and cytokines including KGF (FGF7), TGF-β, IL-1,
TNF-α, EGF, IFN-γ, and GM-CSF (51,52,59–61),
some of which are present in cosmeceutic products
reviewed in the previous section. Penetration of
small amounts of these molecules into the viable
part of the epidermis after topical application can
induce keratinocytes to produce growth factors
including PDGF, IL-1, TGF-α, and TGF-β, which
have been shown to exert a paracrine effect on
proliferation and activation of dermal fibroblasts
leading to regeneration and remodeling of dermal
extracellular matrix (51,62).

Future trends
Several pilot clinical studies now show the beneficial
effects of topically applied growth factor on skin
rejuvenation and reversal of signs and symptoms
of skin aging. The next logical step in clinical
research is to conduct double-blind, placebocontrolled studies to verify the findings of these
preliminary results.
Another important step in formulation and
quality control is to implement testing of quality,
quantity, and activity of growth factors in the
finished product. Growth factors and cytokines, like
most proteins, are inherently unstable when not
in their physiologic environment. Formulations
containing surfactants, oils, and other excipients
are likely to denature and inactivate the proteins.
SkinMedica has initiated preliminary studies to
detect and analyze key growth factors and cytokines
in TNS Recovery Complex. Preliminary results
(FIG. 7) show that the growth factors and cytokines

FIG. 7. Quantitative analysis of growth factors and cytokines
in TNS Recovery Complex 24 months after manufacturing.
Product was stored at ambient conditions for the duration.
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in TNS Recovery Complex are stable for at least
24 months when stored at room temperature in
the final product. Recent advances in the protein
analysis research make it possible to extract,
identify, and quantify increasingly smaller quantities
of proteins from complex formulations (63). We
encourage testing of other growth factor products
to ensure that the activity of these fragile proteins
is maintained during the manufacturing and
storage of the final product.
Growth factors and cytokines may also work
synergistically with antioxidants and retinoic acid.
As shown in FIG. 2, antioxidants such as ascorbic
acid can minimize production of reactive oxygen
species, and retinoic acid and related agents can
induce TGF-β to potentially counter the effects
of AP-1 activation. Any antiaging regimen should
include antioxidants and retinoic acid derivatives
along with products containing growth factors.

Conclusion
Aging of skin mediated by the effect of time
and environmental factors shows a common
molecular pathway involving reactive oxygen
species. Aging results in loss of dermal collagen
and accumulation of unorganized collagen and
elastin in the dermis, resulting in formation of
wrinkles, elastosis, and loss of skin tone. The process of reversing some of the effects of aging can
be accelerated by use of topically applied growth
factors that accelerate wound healing. Although
it is unclear how large proteins such as growth
factors actually penetrate the site of action, results
of multiple clinical studies and continued marketplace success of products containing growth factors
show the beneficial effects of these cosmeceutic
products on reducing the signs and symptoms of
facial skin aging. More double-blind and controlled
studies are needed to confirm the preliminary
clinical effects of growth factor products and
more controls on product quality and stability
need to be established. Synergistic effects of
growth factors with other noninvasive procedures
and other cosmeceutic products should also be
evaluated further.
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