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The ability to replace, instead of simply
repairing, damaged skin cells is becom-
ing more of a possibility with the ad-

vancements in plant stem cell technology.
Scientific research supports the use of certain
plant stem cell extracts, but further research
may be needed to support the efficacy of
others. At this time, much of the research fo-
cuses on the photoprotective properties of
dietary botanicals, citing the potential of
topical products that use plant extracts with
the same characteristics. Keeping abreast of
plant-derived stem cell research as it evolves
is essential for making optimal treatment
choices as plant stem cell technology is in-
corporated into anti-aging skin care.

SKIN STEM CELLS
Before considering the addition of stem

cells into cosmeceuticals, it is critical to un-
derstand the role of stem cells in the skin.
The majority of skin stem cells reside in
the basal layer of the epidermis. Their pri-
mary function is to replenish the skin as it
undergoes normal homeostatis and wound
repair.1 Like all stem cells, those in the epi-
dermis are undifferentiated and capable of
dividing themselves for extended periods

of time and differentiating into multiple
lineages based on their tissue origin.1,2

When a stem cell divides, the daughter
cells have the potential to either remain a
stem cell, like the parent cell, or they can
differentiate into cells with a more special-
ized function known as progenitor cells. 

After these progenies experience several
rapid divisions in the basal layer, they cease
dividing and travel through the suprabasal
layers to the tissue surface. Once there,
they progressively differentiate, switching
from expression of one set of keratins to
another. Eventually their nuclei degener-
ate, producing an outer layer of dead ker-
atinized cells that are shed. Stem cells
continuously renew the epidermis, with a
turnover time of approximately 1 month.2

Epidermal stem cells also are stored in a
microenvironment called the bulge, which
is located at the base of the hair follicle.
They remain dormant there until recruited
by neighboring cells to help repair the skin.
The stem cell’s characteristics are deter-
mined by the epigenetic signal it receives.  

The existence of several distinct, highly
compartmentalized stem cell populations
have been reported in the literature.3,4 The

data suggests that the loss of a stem cell in
one structural unit is quickly replaced by
stem cells in the adjacent unit, which
demonstrates the multipotential nature
and developmental flexibility of skin cells.5

SKIN CELL DAMAGE 
Although the skin constantly renews it-

self throughout an adult’s lifetime, these
long-term self-renewing stem cells begin
to regenerate more slowly as part of the
aging process. It is believed that the im-
paired wound healing rate in aging skin
may be due either to impaired stem cell
mobilization or a reduced number of stem
cells able to respond to proliferative sig-
nals.3 Lost or dying cells begin to outnum-
ber their regenerated counterparts, which
likely leads to common signs of aging,
such as rhytids and laxity. It is for this rea-
son that stem cells make intriguing addi-
tions to anti-aging products.  

Additionally, ultraviolet (UV) radiation
causes damage to the skin, including pho-
toaging, inflammation, erythema, sunburn
and cancers.6-9 Photoaging is characterized
by wrinkles, altered pigmentation and loss
of skin tone. Specifically, ultraviolet A (UVA)
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and ultraviolet B (UVB) radiation have been
proven to produce DNA damage directly
and indirectly through oxidative stress.10

Solar radiation induces the generation of re-
active oxygen species (ROS), which interact
with proteins, lipids and DNA, altering cel-
lular functions. Although the epidermis is
composed primarily of keratinocytes that
are rich in ROS detoxifying enzymes, an in-
creased generation of ROS can overwhelm
the skin’s natural defenses. 

Furthermore, ROS have been shown to
mediate the phosphorylatin of protein ki-
nases through a series of cascades, such as
mitogen-activated protein kinases (MAPK),
and activate transcription factors, such as
nuclear factor-KB (NF-kB) and activator
protein 1 (AP-1). These activities may con-
tribute to cell proliferation, apoptotic cell
death, inflammation and cancer.10,11 The
upregulatation of gene expression through
intracellular signal transduction pathways
likely contributes to the development of
skin cancer at the tumor promotion stage.10

Since this stage is reversible, it is a prime tar-
get for preventing, reversing or slowing the
process. Stem cells have been proven to be
protective against UV-induced radiation
and ROS through a variety of mechanisms.
It is this protective quality that also makes
them useful for daily use in skin care.

PLANT STEM CELLS BENEFIT HUMAN SKIN 
In recent years, researchers have identi-

fied naturally occurring botanicals with
substantial antioxidant activity proven to
protect skin stem cells from UV-induced
oxidative stress, inhibit inflammation, neu-
tralize free radicals and reverse the effects of
photoaging. Consequently, cosmeceutical
products containing extracts derived from
plant stem cells have the ability to promote
healthy cell proliferation and protect against
UV-induced cellular damage in humans. 

In contrast to epidermal stem cells, plant
stem cells are totipotent, meaning they are
capable of regenerating an entirely new,
whole plant. Through innovative plant
stem cell technology, scientists are able to
extract tissue from botanicals. Thus, the
plant’s ability to regenerate stem cells can
be harnessed for use in humans.

The use of stem cells derived from
botanicals, rather than human stem cells,
avoids the controversy surrounding the

source or methods of extraction of human
stem cells while still harnessing the poten-
tial of these intriguing cells.  

RESEARCH SUPPORTS PLANT 
STEM CELL EXTRACTS 

There are several plant-derived stem cell
extracts available for cosmeceutical use;
however, research has predominately fo-
cused on three with various levels of scien-
tific rigor. Components found in grape, lilac
and Swiss apple have been shown to be rich
sources of phyto stem cells. Probably the
most widely and longest studied botanical
is the vitis vinifera, otherwise known as the
grape seed. Studies dating back more than
a decade suggest that grape seeds are known
to contain anti-inflammatory properties,
prevent skin aging, scavenge oxygen free
radicals and inhibit UV radiation-induced
activity.12 More recently published in vitro
and in vivo studies have identified proantho-
cyanidins — a group of polyphenolic
bioflavonoids — in grape seeds and their
stem cells as being responsible for its high
anti-tumor-promoting activity because
of their strong antioxidant effect.11-17

The mechanism of action is not entirely
understood, but it appears that the photo-
protective effects of grape seed proantho-
cyanidins (GSPs) are mediated, at least,
through protection of the endogenous an-
tioxidant defense system and prevention of
photodamage of macromolecules, lipids,
proteins and DNA, which leads to inhibi-
tion of activation of the MAPK and NF-
kB pathways.11,16 Some studies have
demonstrated that GSPs exert a significantly
stronger oxygen free radical scavenging ef-
fect than vitamins C and E.18,19 When top-
ically applied, GSPs have demonstrated
substantial photoprotective effects. As an ex-
ample, when a gel formation containing
Jacquez grapes was topically applied to
healthy human volunteers, it afforded sig-
nificant in vivo protection against UVB
light-induced skin erythema.20

Like grape seed, verbascoside extracted
from various plants, including the syringa
vulgaris or common lilac, is known to have
antioxidant properties.21,22 When studied
in vitro and in vivo, verbascoside was found
to possess significantly accelerated wound
healing and remarkable anti-inflammatory
action.23 These effects were attributed to
its ability to inhibit the ROS release by re-
cruiting pro-inflammatory cells to the
damaged skin. In fact, the verbascoside-
containing extracts were found to be more
effective than both hydrocortisone and tri-
amcinolone in inhibiting inflammation.23

Although verbascoside is known to rap-
idly repair DNA oxidative damage, its
mechanism of action is not clearly under-
stood. In one study, verbascoside dramati-
cally impaired NF-kB and AP-1 binding
activity, suggesting that it has distinct
mechanisms in the suppression of oxida-
tive stress induced in keratinocytes by dif-
ferent stimuli.24 Thus, verbascoside may
offer protection of the skin from both in-
flammatory and environmental insults.
However, other studies attribute verbasco-
side’s ability to quickly repair DNA dam-

age to its non-enzymatic fast repair
mechanisms and not to its scavenging ac-
tivity for ROS.25-27 Its fast repair reaction
has the added benefit of preventing the
ROS from causing further damage.

While other plant stem cell extracts are
currently being used in topical products,
further research should be done to prove
the efficacy. An ingredient manufacturer’s
study showed that a 0.1% concentration of
stem cells extracted from Swiss apple stim-
ulated the proliferation of human stem cells
by 80%.28 In a trial with 20 patients, a cream
containing the apple extract was found to
reduce wrinkle depth by 8% after 2 weeks
and 15% after 4 weeks. Similarly, a cream
and serum containing stem cells extracted
from the edelweiss plant, which has been
investigated for its anti-inflammatory prop-
erties, is reported to reduce wrinkle depth.
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Additional research is needed to verify the
validity of these studies.

EXTRACTS CAN ENHANCE TOPICAL PRODUCTS
Currently, much of the scientific re-

search focuses on the use of dietary
botanicals. However, many researchers ac-
knowledge the potential benefits of their
use in sunscreens, skin care topicals and
moisturizing creams. 

The key to developing effective cosme-
ceutical products is recognizing that the
various plants have different properties as
well as different mechanisms of action.
Thus, products should be formulated to
target the specific botanical’s effects. 

As an example, both grape seed and
verbascoside have been proven to protect
skin from UV oxidative stress. Although
sunscreens are incredibly valuable, their
inability to completely prevent UV-in-
duced skin cancer — due to inadequate
patient use and incomplete spectral pro-
tection — demonstrates the need for ad-
ditional chemopreventive methods.29

Using sunscreens in conjunction with
phyto stem cell-rich ingredients harnesses
the photoprotective properties of these
plants, which may be useful in providing
additional prevention against UV-induced
skin damage and other skin disorders
caused by UV radiation.17,29 For example,
components of grape stem cell extract
have been shown to absorb radiation from
the entire UVB spectrum and part of the
UVA spectrum, and when applied topi-
cally they can provide additional protec-
tion against radiation penetration.28

Additionally, these stem cell-rich botan-
icals are known to inhibit inflammation
and combat destructive free radical injury
that leads to photoaging. Combining stem
cell extracts from grape and lilac leaf with
other anti-aging ingredients, such as neu-
ropeptides, L-ascorbic acid (vitamin C)
and alpha hydroxy acids, can yield an ideal
combination that can work synergistically
to treat and protect the skin.

As the scientific support for plant-derived
stem cell research continues to grow, it is im-
portant to understand what these botanicals
offer and how they work. In doing so, plant
stem cell extracts scientifically proven to
work can be incorporated into cosmeceu-
tical products that hold the promise of not

only stimulating the proliferation of human
skin stem cells, but also protecting the skin
from UV-induced oxidative damage.n

Dr. Linder, a board-certified dermatologist
and fellowship-trained Mohs skin cancer sur-
geon,is a volunteer Clinical Instructor in the
Department of Dermatology at the University
of California, San Francisco. Dr. Linder is
currently in private practice in Scottsdale, AZ.
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gan Facial Aesthetics. 

References
1. Blanpain C, Fuchs E. Epidermal stem cells of the
skin. Annual Rev Cell Dev Biol. 2006;22: 339-373.
2. Alberts B, Johnson A, Lewis J, et al. Molecular
Biology of the Cell, 4th edition. New York: Garland
Science; 2002.
3. Zouboulis CC, Adjaye J, Akamatsu H, et al.
Human skin stem cells and the ageing process.
Exp Gerontol. 2008;43:986-997.
4. Yan X, Owens DM. The skin: a home to multi-
ple classes of epithelial progenitor cells. Stem Cell
Rev. 2008;4(2):113-118.
5. Ghazizadeh S, Taichman LB. Multiple classes of
stem cells in cutaneous epithelium: a lineage
analysis of adult mouse skin. The EMBO Journal.
2001; 20(6):1215-1222.
6. Fuchs J, Huflejt ME, Rothfuss LM, et al. Im-
pairment of enzymic and nonenzymic antioxi-
dants in skin by UVB radiation. J of Invest
Dermatol. 1989;93(6):769-773.
7. Fisher GJ, Wang Z, Datta SC, et al. Pathophysi-
ology of premature skin aging induced by ultra-
violet light. NEJM. 1997;337(20):1419-1428.
8. Lavker RM, Gerberick F, Veres D, et al. Cumu-
lative effects from repeated exposures to subery-
themal doses of UVB and UVA in human skin.
JAAD. 1995;32(1):53-62.
9. Ibrahim SF, Brown MD. Tanning and cutaneous
malignancy. Dermatol Surg. 2008;34(4):460-474.
10. Ichihashi M, Ueda M, Budiyanto A, et al. UV-
induced skin damage. Toxicology. 2003;189:21-39. 
11. Sharma SD, Meeran SM, Katiyar SK. Dietary
grape seed proanthocyanidins inhibit UVB-in-
duced oxidative stress and activation of mitogen-
activated protein kinases and nuclear factor-KB
signaling in in vivo SKH-1 hairless mice. Mol
Cancer Ther. 2007;6(3):995-1005.
12. Zhao J, Wang J, Chen Y, et al. Anti-tumor-promot-
ing activity of a polyphenolic fraction isolated from
grape seeds in the mouse skin two-stage initiation-
promotion protocol and identification of procyanidin
B5-3’ –gallate as the most effective antioxidant con-
stituent. Carcinogenesis. 1999;20(9):1737-1745.
13. Mittal A, Elmets CA, Katiyar SK. Dietary
feeding of proanythocyanidins from grape seeds
prevents photocarcinogenesis in SKH-1 hairless
mice: relationship to decreased fat and lipid per-

oxidation. Carcinogenesis. 2003;24(8):1379-1388.
14. Katiyar SK. Grape seed proanthocyanidins
and skin cancer prevention: inhibition of oxida-
tive stress and protection of immune system. Mol
Nutr Food Res. 2008;52(Suppl 1):S71-S76.
15. Nassiri-Asl M, Hosseinzadeh H. Review of
the pharmacological effects of vitis vinifera
(grape) and its bioactive compounds. Phytother
Res. 2009;23:1197-1204.
16. Mantena SK, Katiyar SK. Grape seed proan-
thocyanidins inhibit UV-radiation-induced oxida-
tive stress and activation of MAPK and NF-KB
signaling in human epidermal keratinocytes. Free
Radic Biol Med. 2006;40:1603-1614.
17. Tomaino A, Cristani M, Cimino F, et al. In
vitro protective effect of a Jacquez grapes wine
extract on UVB-induced skin damage. Toxicology.
2006;20:1395-1402.
18. Bagchi D, Krohn RL, Bagchi M, et al. Oxy-
gen free radical scavenging abilities of vitamins C
and E, and a grape seed proanthocyanidin extract
in vitro. Res Commun Mol Pathol Pharmacol.
1997;95(2):179-189. 
19. Bagchi D, Bagchi M, Stohs SJ, et al. Free radicals
and grape seed proanthocyanidin extract: impor-
tance in human health and disease prevention. Toxi-
cology. 2000;148(2-3):187-197. 
20. Spagna G, Tomaino A, Cimino F, et al. Chem-
ical analysis and photoprotective effect of an ex-
tract of wine from Jacquez grapes. J Sci Food
Agric. 2002;82(15):1867-1874. 
21. Pan W, Jiang S, Luo P, et al. Isolation, purifica-
tion and structure identification of antioxidant
compound from the roots of Incarvillea younghus-
bandii Sprague and its life span prolonging effect
in Drosophila melanogaster. Nat Prod Res.
2008;22(8):719-725.
22. Korkina LG. Phenylpropanoids as naturally
occurring antioxidants: from plan defense to
human health. Cell Mol Biol. (Noisy-le-grand)
2007;53(1):15-25. 
23. Korkina LG, Mikhal’chik E, Suprun MV et al.
Molecular mechanisms underlying wound healing
and anti-inflammatory properties of naturally occur-
ring biotechnologically produced phenylpropanoid
glycosides. Cell Mol Biol. 2007;53(5):84-91. 
24. Pastore S, Potapovich A, Kostyuk V, et al. Plant
polyphenols effectively protect HaCaT Cells
from ultraviolet C-triggered necrosis and suppress
inflammatory chemokine expression. Ann N Y
Acad Sci. 2009;1171:305-313. 
25. Zhang Q, Pan J, Zhao C, et al. Non-enzymatic
fast repair of DNA oxidative damage might also
exist in cells. Cell Biol Int. 2008;32(6):654-662. 
26. Shi Y, Wang W, Shi Y, et al. Fast repair of dAMP
hydroxyl radical adduct by verbascoside via electron
transfer. Sci China C Life Sci. 1999; 42(6):621-627.
27. Shi Y, Wang W, Huang C, et al. Fast repair of ox-
idative DNA damage by phenylpropanoid glycosides
and their analogues. Mutagenesis. 2008;23(1):19-26.
28. Schmidt D, Schurch C, Blum P, et al. Plant
stem cell extract for longevity of skin and hair.
SOFW Journal. 2008; 134(5): 30-35.
29. Baliga MS, Katiyar SK. Chemoprevention of
photocarcinogenesis by selected dietary botani-
cals. Photochem Photobiol. 2006;5:243-253.


