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Summary

) It has become in-
creasingly appar-
ent that exposure

to solar ultraviolet radiation
mediates a number of harm-
ful effects in humans. Recent
studies indicate that UV ra-
diation can be a potent stim-
ulator of the oxidative stress
in the epidermis and can
have a profound influence
on the immune system. It is
also known that sunscreens
do not offer a complete pro-
tection against all biological
effects of sunlight. The use
of non-specific stimulators
of the immune system in
sun care formulations is a
new approach to lend bene-
ficial functions to these
products. Glucan extracted
from the cell wall of baker’s
yeast is a very potent stimu-
lator of the immune system.
In this report, we present the
development of CM-Glu-
can, a new water-soluble
glucan derivative. The pro-
tective effects of this modi-
fied yeast polysaccharide re-
garding oxidative stress in
human skin keratinocytes
and fibroblasts induced by
UV-A radiation could be
demonstrated by measuring
intracellular glutathion and
ferritin concentrations as
endpoints.

Lichtschutz-Wirkung
von CM-Glucan auf
kultivierte Zellen der
humanen Haut

Die Gefahrlich-
- keit des ultravio-
‘ letten  Sonnen-
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lichtes fiir den menschlichen
Korper ist heute allgemein
bekannt. Neuste Studien wei-
sen darauf hin, dal UV-
Strahlung nicht nur einen
entscheidenden Einfluf3 auf
das Immunsystem hat, son-
dern auch den oxidativen
Strefs in der Epidermis for-
dert. Weiterhin ist heute be-
kannt, daf§ Sonnenfilter kei-
nen vollstindigen Schutz ge-
gen alle biologischen Effekte
des Sonnenlichtes bieten. Die
Verwendung von nicht spe-
zifischen Immunstimulato-
ren in Sonnenschutzproduk-
ten ist daher eine neue Mog-
lichkeit, diesen Produkten
verbesserte  Eigenschaften
zuzufiihren. Das Glucan aus
der Zellwand der Backerhefe
ist ein sehr wirksamer Stimu-
lator des Immunsystems. In
dieser Arbeit prasentieren
wir die Entwicklung von
CM-Glucan, einem neuen
wasserloslichen Glucan-Deri-
vat. Es konnte im Zellkultur-
Versuch gezeigt werden, daf3
dieses modifizierte Polysac-
charid aus der Hefe vor oxi-
dativem Strefs, induziert
durch UV-A Strahlung,
schiitzt. CM-Glucan verhin-
derte dabei eine Erniedri-
gung der intrazelluldren
Konzentrationen von Gluta-
thion und Ferritin in bestrahl-
ten Keratinocyten und Fibro-
blasten der humanen Haut.

Effet photoprotecteur
du CM-Glucan sur
des cellules de la peau
humaine cultivées

I est bien
connu que les
rayons ultra-
CHUV, Lausanne, Switzerland
11795 g8

|httD://WWW.mib-bio.com |

violets de la lumiére solaire
sont dangereux pour le
corps humain. De récentes
études indiquent que la ra-
diation UV peut-étre un
facteur stimulant impor-
tant du systéme immuni-
taire, mais aussi du stress
oxydant dans I'épiderme.
Il est également connu que
les filtres solaires n’ offrent
pas une protection comple-
te contre tous les effets bio-
logiques de la lumiere so-
laire. L utilisation de sti-
mulateurs non spécifiques
du systeme immunitaire
dans les produits solaires
est une nouvelle possibilité
d” améliorer les propriétés
de ces produits.

Le glucan de la membrane
cellulaire de la levure de
boulanger est un stimula-
teur tres efficace du syste-
me immunitaire. Dans cet-
te étude nous vous présen-
tons le développement du
CM-Glucan, un nouveau
dérivé du glucan, soluble
dans |” eau.

Il a pu étre montré dans un
essai de cultures cellu-
laires, que ce polysacchari-
de de levure protége du
stress oxydant, induit par
les rayons UVA. Ceci est
da a l'effet que le CM-Glu-
can empéche une dégrada-
tion des concentrations in-
tercellulaires de glutathion
et de ferritin dans les kera-
tinocytes et les fibroblastes
irradiés.

Introduction

In recent years, sun care
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products have gained
considerable attention.
This can be attributed to a
perceived depletion of
ozone in the stratosphere
which has resulted in an
increased concern for to-
day’s consumers about
premature skin ageing
and skin cancer. Com-
mercially available sun-
screens inhibit the devel-
opment of many UV-in-
duced alterations like ery-
thema in mammalian skin
[1]. However, it appears
that sunscreens do not of-
fer complete protection
against the biological ef-
fects of sunlight [2, 3].
This is important consid-
ering the number of hu-
mans who expose them-
selves to sunlight for ex-
tended periods of time
while using sunscreen
products with high SPF
values.

Recent studies indicate
that UV-B radiation in-
duces a suppression of
immunological activity
by a depletion of the
number and viability of
the immunocompetent
cells (keratinocytes and
Langerhans cells) within
the epidermis [4, 5]. Im-
munosupression induced
by UV-radiation plays a
crucial role in the devel-
opment of skin cancer in
mice [6]. There is increas-
ing evidence now that
UV radiation may also
contribute to the devel-
opment of skin cancers in
humans by way of debili-
tating the immune sys-
tem [7, 8].
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Figure 1. The cell wall of budding
yeast (Saccharonyces cerevisiae) ap-

pears as small white border.

In addition to immuno-
suppression,  oxidative
stress has also been shown
to be involved in carcino-
genesis [9, 10]. UV-A radi-
ation is known to be a
very potent stimulator of
the oxidative stress in the
epidermis resulting in
phototoxic and photoal-
lergic reactions in the skin
[11]. The induction of
heme oxygenase appears
to be a general mam-
malian response to oxi-
dant stress [12]. However,
a number of effects on oth-
er molecules such as epi-
dermal growth factor have
been reported [13].

The use of non-specific
stimulators of the im-
mune system in sun care
formulations is a new ap-
proach to lend beneficial

functions to these
products. Poly-
_ saccharides from
various sources
have been known
for some time to
be such stimula-
tors. Glucan ex-
tracted from the
cell wall of bak-
er’'s yeast is a
very potent stim-
ulator of the im-
mune system and
has gained a lot
of interest over
the last decade in
various pharma-
ceutical indica-
tions.

was described [15]. Over
the last decade, glucan
from yeast cell walls has
been identified to be the
immunologically effective
agent of Zymosan. It stim-
ulates macrophage-medi-
ated phagocytotic defense
mechanisms [16].

Glucan is a (1—>3)-Beta-
linked polyglucose of high
molecular weight and be-
longs to the class of drugs
known as biological re-
sponse modifiers (BRMs).
Yeast-derived glucan
preparations have been
studied in interesting
fields such as wound heal-

Figure 2. Structure of CM-Glucan (CTFA declaration: Sodium Carboxy-
methyl Betaglucan); three out of four glucose units are modified by carboxy-

methyl groups.

Glucan, an immune
stimulating poly-
saccharide from yeast

For centuries, crude
preparations from yeast
and living yeast cells have
been used for pharmaceu-
tical and cosmetic purpos-
es [14]. In 1941, the first
defined pharmaceutical
yeast product, Zymosan,
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ing [17, 18, 19], infectiolo-
gy [20] or oncology [21].

Development of a
lucan preparation
or cosmetic use

Despite its polar nature,
glucan isolated from the
cell walls of baker’s yeast
is a water-insoluble partic-
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ulate polymer which is not
suitable for personal care
products. To render it cos-
metically applicable, it ne-
cessitates a conversion in-
to a water-soluble and bio-
logically effective form.

In our laboratory, we have
developed a process for
the isolation of pure glu-
can from the cell wall of
baker’s yeast (Fig. 1).
Through derivation to car-
boxymethyl glucan (CM-
Glucan), we obtained a
water-soluble  product.
The degree of car-
boxymethyl substitution
was 0.75 measured using a
titration/dialysis method.
This means that on an av-
erage, three out of four
glucose units are modi-
fied.

The chemical identity of
the structure of CM-Glu-
can (Fig. 2) was confirmed
by 13C-nuclear magnetic
resonance (NMR) spec-
troscopy [22].

Previous reports indicate
that the immunological
activity of certain Beta
(1—>3)-D-Glucan BRM'’s
is related to the helical
conformation of the poly-
mer [23]. Therefore, the
active helical structure of
the new compound CM-
Glucan was confirmed by
a helix/coil transition ex-
periment [22].

Photoprotection by
CM-Glucan against
effects of UV-A
radiation

CM-Glucan prepared by
our standard high quality



process was tested for its
ability to protect cultured
human skin cells against
oxidative stress, including

UV-A radiation
(MUTZHAS 3000 sun-
lamp).

Cell cultures of human skin
fibroblasts and ker-
atinocytes were developed
from normal adult skin
[24]. These cells from differ-
ent donors were then used
for bioassays using alpha-
tocopherol as a control.
The cells were pre-treated
for 18 hours in the tissue
culture medium at a final
concentration of 100 ng
CM-Glucan per ml before
they were exposed to UV
radiation (320-450 nm) at a
dose rate of 300 W/m2 for
two different time peri-
ods. Immediately after the
UV-A radiation, the intra-
cellular concentration of
reduced glutathion (GSH)
was determined by an en-
zymatic assay. Intracellu-
lar concentrations of fer-
ritin (ELISA) and total
protein were determined
24 hours later.

The normal response seen
in skin keratinocytes is
portrayed by a dose de-
pendent decrease in GSH
immediately (one to two
hours) after UV-A radia-
tion. The decrease can vary
to some degree between
different cell lines. Normal
concentrations of GSH are
found only after a recovery
of more than 24 hours (da-
ta not shown). Human skin
fibroblasts are much more
sensitive and will show a
decrease of GSH with low-

er doses of UV-A irradia-
tion (1x105 J/m?2).

Figure 3 shows one exam-
ple of a keratinocytes cell
culture which was irradiat-
ed with two different dos-
es of UV-A. The culture
which was pre-treated
with CM-Glucan was
clearly less sensitive to

er, at higher doses the cells
could no longer counter
the oxidative stress by
overexpression of ferritin
and a pronounced drop of
the ferritin concentrations
could be observed in all
non treated cells and in
some experiments also in
the alpha-tocopherol treat-
ed cultures.
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Figure 3. Influence of CM-Glucan (100 ug/ml) regarding glutathion (GSH)
depletion in human keratinocytes induced by UV-A radiation.

UV-A radiation compared
to the untreated control re-
garding the depletion of
GSH. Pre-treatment with
alpha-tocopherol  (final
concentration 10 pM) also
showed substantial protec-
tion against depletion of
the antioxidant GSH but
with a different kinetic.

Figure 4 shows that CM-
Glucan markedly protects
keratinocytes against de-
pletion of the iron binding
protein ferritin when the
cells are under oxidative
stress caused by UV-A ra-
diation. In all experiments,
we observed first an in-
crease of the intracellular
ferritin concentrations at
low doses of UV-A radia-
tion (4x105 J/m?2). Howev-
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Conclusion

Our studies have shown
conclusively that CM-Glu-
can does not have any
phototoxic effects on cul-
tured human skin fibrob-
lasts and keratinocytes. In
addition, CM-Glucan
clearly has protective ef-
fects regarding oxidative
stress induced by UV-A
radiation using cellular
glutathion and ferritin lev-
els as endpoints. Oxida-
tive stress is known to be
involved in carcinogenesis
and the prevention of such
stress has been shown to
be highly beneficial [9, 25,
10].

The cell culture experi-
ments have proven that
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CM-Glucan is a very po-
tent new agent to protect
fibroblasts and  ker-
atinocytes from the deple-
tion of antioxidant mole-
cules. In our investiga-
tions, CM-Glucan was ac-
tive at concentrations as
low as 100 pg/ml.

At the same concentration,
CM-Glucan also stimulat-
ed the growth of porcine
keratinocytes. The supple-
mentation of the culture
medium with this poly-
saccharide resulted in a
30% enhancement of the
proliferation of these cells
(Schneider and Graeve,
Frauenhofer Institut
Stuttgart, Germany, un-
published results).

The data presented in this
report, together with the
results of other investiga-
tions of topically applied
glucan preparations re-
garding wound-healing
[17, 18, 19] show that CM-
Glucan is a new potent bi-
ological agent for cosmet-
ic and dermatological for-
mulations to be used in
various indications [22].
By inducing the body’s
own defense mechanism,
CM-Glucan acts in a
“holistic” way and meets
the demands of today’s
consumers for more nat-

ural but active com-
pounds.
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