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ABSTRACT

Saccharomycopsis ferment filtrate (SFF), mainly used in skin care products, has been reported to inhibit inflammatory
nitric oxide production and prevent epidermal damage. However, the effects of SFF on epidermal keratinocytes have
not yet been explored. We investigated the effects of SFF on skin barrier function using human primary epidermal kera-
tinocytes. Cell viability was determined by MTT assay. The mRNA and protein expression levels of tight junction pro-
teins (claudin-1, -3, -4, occludin, ZO-1) were analyzed by RT-PCR and Western blotting, respectively. The effect of SFF
on the barrier formation of epidermal keratinocytes was measured by transepithelial electrical resistance (TER). Res-
cue of cell death from H,O, treatment was evaluated by annexin V staining. SFF, at concentrations that did not cause
significant change of cell viability, induced dose-dependent cell-cell adhesion and formation of an organized monolayer
structure. Pretreatment of keratinocytes with EGTA, a Ca* chelator, did not inhibit the cell-cell adhesion of keratino-
cytes by SFF, indicating a Ca®*-independent mechanism. The mRNA and protein levels of claudin-1 in keratinocytes
were up-regulated by SFF treatment in a dose-dependent manner. The expressions of other tight junctions (TJs) in-
cluding claudin-3 & 4, occludin and ZO-1 were also similarly increased in SFF-treated epidermal keratinocytes. The
promoting effect of SFF on the barrier function of epidermal keratinocytes was further confirmed by the increased TER
value in SFF-treated epidermal keratinocytes. Annexin V staining confirmed that SFF markedly decreased the number
of dead cells resulted from H,0O, injury Taken together, our results provided the first evidence that SFF enhanced kera-
tinocytes barrier function by increasing the expression of TJs and TER.
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1. Introduction mammalian epidermal barrier [1,2]. Since the study of
TJs in skin epidermis is relatively delayed, the presence
of TJs, another potential barrier component in human
epidermis had been mostly disregarded until the analysis
of claudin-1 deficient mice [3]. These claudin-1 deficient

mice usually died within 1 day of birth due to defected

The epidermis of the skin is the outermost layer of the
human body and is in direct contact with the outside
world. Epidermal cells bound tightly together provide a
physical barrier against injurious chemicals or pathogens
from the outside, while simultaneously, preventing water

or nutritional loss from the inside of our body. The basis
of these effects lies in the well-defined differentiation
program of keratinocytes which results in the expression
of structure proteins and in turn, function as a protective
barrier. Several lines of evidence have indicated that
stratum corneum, especially intercellular lipid lamellae
and cornified cell envelopes play a central role in the
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epidermal barrier function thereby causing excessive
transepidermal water loss (TEWL) and severe dehydra-
tion [3].

Recent studies have revealed that tight junctions (TJs)
are located in a narrow zone of the stratum granulosum,
comprising of peripheral and integral proteins that are
necessary for connecting neighboring cells and providing
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barrier functions [4-7]. TJs consist of transmembrane
proteins including occludins, claudins, and junctional
adhesion molecules (JAM), and of plaque proteins, e.g.
proteins ZO-1, ZO-2, ZO-3, MUPP-1 and symplekin. A
variety of mRNAs coding for TJ proteins has been iden-
tified in adult human skin, including claudin 1, 3,
4,5,7,8,10, 12,16 and 17, occludin, protein ZO-1, and
cingulin [8]. TJ proteins anchored in the membranes of
two adjacent cells and interrelated with each other to
fasten the cells together as well as prevent other mole-
cules from passing between them. Recent studies en-
forced the importance the TJs in skin barrier functions
[3-6,9-11].

It has been known that yeast extracts are capable of
stimulating the growth of other yeast cultures by un-
known mechanisms. Studies by Copping and Cook et al
in early 20" century, demonstrated that yeast extracts
were able to stimulate oxygen uptake of both yeasts and
cells of rat liver and abdominal skin; hence the term skin
respiratory factors was created [12]. The term Live yeast
cell derivative (LYCD) invented by Kaplan et al in 1984

[13] was indeed a synonyms of the skin respiratory factor.

LYCD was alcoholic extract from yeast (Saccharomyces
cerevisiae), and capable of promoting wound healing,
accelerating angiogenesis, reducing the symptoms of
burns and cutting wounds, and stimulating epithelization
as well as collagen synthesis [12-16]. Saccharomycopsis
is a family of yeast which has been used to help fermen-
tation of traditional beverages. Saccharomycopsis Fer-
ment Filtrate (SFF), a type of fermented yeast product, is
derived from the filtration of Saccharomycopsis fer-
mented medium. Previous study by Tsai et al demon-
strated that in the presence of SFF, the LPS-induced NO
production and iNOS protein expression of macrophages
were inhibited. Conversely, SFF induced the HO-1 pro-
tein expression of macrophages. Furthermore, SFF also
exhibited significant protective effect on LPS- or
UVR-induced damages in the artificial epidermis [17].
Currently, the topical application of NO synthase inhibi-
tor was shown to accelerate cutaneous barrier recovery
after tape stripping in a study using hairless mouse [18].
SFF has been widely used in skin care products for
whitening and antiaging. However, there is no scientific
evidence concerning its effects on the permeability bar-
rier function of skin. In addition, whether or not the in-
hibitory effect of SFF on NO production may also exert
better barrier function of epidermal keratinocytes is wor-
thy of further elucidation.

In our study, we investigated the effects of SFF on
skin barrier function of skin keratinocytes. The induction
of TJs including claudin-1, -3, -4, occludin, and ZO-1
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were demonstrated. The effect of SFF on increasing
transepithelial electrical resistance (TER) and the reduc-
tion of apoptosis and H,O, damage of culture keratino-
cytes were also confirmed.

2. Materials and Methods
2.1. Reagents

Saccharomycopsis Ferment Filtrate (Pitera®) was pro-
vided by Kobe Technical Center, Procter & Gamble,
Japan.

2.2. Cell Culture

Human epidermal keratinocytes were isolated from skins
of donors aged 30 - 40 by enzymatic digestion method.
Briefly, skin was incubated in 10 % iodine for 30 sec-
onds and cleansed with 1xPBS, then incubated in dispase
(type II, 2.5 mg/ml in 1xPBS) for 2 hours at 37 ‘C to
dissociate the epidermis from dermis. The epidermal
layer was peeled off carefully and cut into small pieces
and incubated in 0.25 % trypsin for 30 minutes at 37 C
to obtain single keratinocytes. Cells released after en-
zyme digestion were centrifuged at 1,000 x g for 10
minutes and the cell pellet was resuspended in keratino-
cyte serum-free medium (KSFM, GIBCO BRL). Cells in
this growth medium were maintained at 37 C in a hu-
midified atmosphere of 95% air and 5% CO,. Keratino-
cytes between passages 3 and 5 were used for all the ex-
periments. In the present study, epidermal keratinocytes
at 60-70 % confluence were treated with SFF (0.1 - 1 %)
for 24 hours and used for the analysis of mRNA or pro-
tein. All experiments were performed three times in trip-
licate.

2.3. MTT Assay

Epidermal keratinocytes grown in 24-well culture plate
with or without SFF treatment for 24 hours were washed
once with 1x PBS, followed by addition of 0.5 ml KSFM
containing 0.05 mg/ml 3-[4, 5-dimethylthiazol-2-yl]-2,
5-diphenyltetrazolium bromide (MTT). After incubation
at 37 “C for one hour, the media was removed and for-
mazan crystals in the cells were solubilized in 1 ml
DMSO for OD reading at 570 nm using a spectropho-
tometer.

2.4. RNA isolation and RT-PCR

Total cellular RNA was isolated by lysis in a guanidin-
ium isothiocyanate buffer followed by single step phe-
nol-chloroform-isoamyl alcohol extraction. Briefly, cells
were harvested and lysed in solution D containing 4 M
guanidium isothiocyanate, 25 mM sodium citrate (pH
7.0), 0.5% sodium sarkosine and 0.1 M B-merca-
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ptoethanol. Sequentially, 1/10 volume of 2 M sodium
acetate (pH 4.0), one volume of phenol, and 1/5 volume
of chloroform-isoamyl alcohol (49:1, v:v) were added to
the homogenate. After vigorous vortexing for 30 seconds,
the solution was centrifuged at 10,000 x g for 15 min at 4
‘C. RNA in the aqueous phase was precipitated by the
addition of 0.5ml isopropanol. One ng of total RNA was
reverse-transcribed into cDNA by incubating with 200
units of reverse transcriptase in 20 ul of reaction buffer
containing 0.25 ug of random primers and 0.8 mM
dNTPs at 42°C for one hour. Two pl of the cDNA was
used as templates for the PCR reaction. The PCR was
performed in a buffer containing 10 mM Tris, pH 8.3, 50
mM KCI, 1.5 mM MgCl,, 0.2 mM dNTPs, 1 uM of each
primer, and 5 units Taq DNA polymerase for 30 cycles
of denaturation at 94°C for 1 min, annealing at 55°C for
1 min, and extension at 72°C for 2 min. The resulting
PCR products were analyzed by 1.5 % agarose gel elec-
trophoresis.

2.5. Western Blot Analysis

After SFF treatment, epidermal keratinocytes were rinsed
with cold 1 x PBS, scraped and solubilized in lysis buffer
(20 mM Tris-Cl, pH 7.5, 150 mM NaCl, 1 mM
Na,EDTA, 1 mM Ethylene Glycol-bis (B-aminoethyl-
ether)-N,N,N',N'-TetraAcetic acid (EGTA), 1% Triton,
2.5 mM sodium pyrophosphate, 1 mM B-glycerophos-
phate, 1 mM Na;VO,, 1 mM phenylmethylsulfonyl fluo-
ride, 1 pg/ml aprotinin, and 1 pg/ml leupeptin), followed
by centrifugation at 12,000 x g for 20 minutes at 4 C.
The protein concentrations in the supernatants were de-
termined with a Bradford protein assay kit (Bio-Rad).
Cell lysates containing equal amounts of protein were
separated by 10 % SDS-PAGE, and transferred onto
PVDF membrane (Millipore). The membrane was incu-
bated in blocking solution (1% BSA, 1% goat serum in 1
x PBS) for 1 hour, followed by incubation with primary
antibody properly diluted in blocking solution. After
washing, the membrane was incubated in 1xPBS con-
taining goat anti-mouse IgG conjugated with horseradish
peroxidase (Sigma) for 1 hour. The membrane was
washed and the positive signals were developed with
enhanced chemiluminescence reagent (Amershan Phar-
macia Biotech).

2.6. TER Measurement

The TER was measured using the EVOM epithelial vol-
tohmmeter (World Precision Instruments) as described
by manufacturer. The TER values were calculated by
subtracting the contributions of the bare filter and me-
dium. The TER represents the transepithelial permeabil-
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ity of the water-soluble ions. A higher value of TER
means a lower permeability of ions. The experiment was
repeated three times in triplicate.

3. Results

3.1 Cell Viability of Human Skin Keratinocyte in
The Presence of SFF In Different
Concentrations

To study the potential effects of SFF on skin epidermal
barrier, primary culture of human epidermal keratino-
cytes were incubated with different concentrations of
SFF for 24 hours. SFF at the concentration ranging from
0.1 to 1 x did not cause significant change of cell viabil-
ity in human epidermal keratinocytes as analyzed by
MTT assay (Figure 1A). There was neither cytotoxicity
nor proliferative effect of SFF on epidermal keratino-
cytes. However, the morphological appearance of epi-
dermal keratinocytes as observed by inverted-phase con-
tract microscope showed remarkable changes. After the
addition of SFF, epidermal keratinocytes began to adhere
to nearby cells and form an organized sheet-like structure.
This cell-cell adhesion of epidermal keratinocytes in-
duced by SFF was observed at the concentration of 0.5 x
SFF and better organization of the sheet-like structure
was observed at the concentration of 1 x SFF (Figure
1B).

3.2. SFF Induced Sheet-Like Structure of Kera-
tinocyte Culture in the Coexistence of EGTA

The pretreatment of epidermal keratinocytes with 1mM
Ethylene Glycol-bis(p-aminoethylether)-N,N,N',N'-Tetr-
aAcetic acid (EGTA) that chelated the Ca®" in the culture
medium did not affect this SFF-induced re-organization
of epidermal keratinocytes in culture, suggesting a
Ca*"-indepenent mechanism (Figure 2).

3.3. SFF Induced Claudin-1 in Cultured Human
Keratinocytes

Since the cell-cell adhesion is likely resulted from the
intercellular connection of junction proteins, we then
investigated the expressions of tight junction-relatedpro-
teins including claudin-1, claudin-3, claudin-4, occludin,
and ZO-1 in SFF-treated epidermal keratinocytes. Epi-
dermal keratinocytes were incubated with different con-
centration of SFF (0.1 - 1x) for 24 hours and the mRNA
and protein levels of claudin-1 were first analyzed. The
mRNA and protein levels of claudin-1 in epidermal kera-
tinocyte were both increased in a dose-dependent fashion
after the SFF treatment (Figure 3A & Figure 3B). These
levels increased in accordance with the formation of or-
ganized sheet-like structure.
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Figure 1. Cell viability and morphological change of epidermal keratinocytes after SFF treatment. Primary epidermal ke-
ratinocytes at 60-70 % confluency were treated with different concentration of SFF as indicated and cell viability was meas-
ured by MTT assay (A). The morphological change of epidermal keratinocytes was observed by phase contrast inverted
microscope and photographed (200x) (B). All experiments were done in triplicate.

3.4. SFF Induced Tight Junction Proteins (Clau- such as claudin-3, claudin-4, occludin and ZO-1 in epi-
dln_'3. Claudin-4, _OCC|Ud|n and ZO-1) In dermal keratinocyte were evaluated by Western blotting.
Epidermal Keratinocyte As well as claudin-1, these proteins increased in a dose-

The expressions of other tight junction-related proteins dependent fashion after the SFF treatment (Figure 4).

Copyright © 2011 SciRes. JCDSA
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EGTA + 1x SFF

Figure 2. Effect of EGTA on the cell-cell adhesion of epi-
dermal keratinocytes induced by SFF or Ca®*. Primary
epidermal keratinocytes at 60-70 % confluency were
treated with 1x SFF or 1 mM CacCl, in the absence or pres-
ence of 1 mM EGTA for 24 hrs. The morphological change
of epidermal keratinocytes was observed by phase contrast
inverted microscope and photographed (200x). All experi-
ments were done in triplicate.

Copyright © 2011 SciRes.

3.5. SFF Elevation of TER in Cultured Human
Keratinocytes

It is known that the expressions of tight junction re-
lated-proteins are important determinants of cell perme-
ability and barrier function; we then measured the effect
of SFF on TER, a consistent measure of cell permeability.
Epidermal keratinocytes were grown on the filter mem-
brane in a transwell chamber and then incubated with
SFF (0.1-1x) for 24 hours. The cell-cell adhesion could
also be induced in cells grown on a filter membrane. A
significant increase in TER with a dose-dependent man-
ner was detected, suggesting a much improved perme-
ability barrier function in SFF-treated epidermal kerati-
nocytes (Figure 5).

3.6. SFF Inhibition H,O,-Induced Cell Death in
Cultured Keratinocytes

Whether the increased barrier function as suggested by
the increased TER could protect the epidermal keratino-
cytes from extracellular damage was then tested using
hydrogen peroxide (H,0,). H,O, is known to disrupt the
tight junction proteins and induce hyperpermeability in
epithelial and endothelial cells [19,20]. The treatment
with H,0; induced the shrinkage of epidermal keratino-
cytes, a morphological indication of apoptosis, with sub-
sequent cell loss. However, in the presence of SFF, the
morphology of keratinocyte maintained normal (Figure
6A). Moreover, the cell loss could be reduced by coexis-
tence of SFF as analyzed by MTT assay (Figure 6B).

4. Discussion

The understanding of cellular differentiation and forma-
tion of intercellular junctions can be demonstrated by
keratinocyte culture. Human epidermal keratinocytes
stay undifferentiated and do not develop intercellular
contacts when cultured in medium containing low Ca*
[21,22]. An increase in extracellular Ca®* induces the
formation of adherens junctions, desmosomes, and then
cell stratification [23-25]. Ca*" also brings about an in-
crease in occludin, claudin-1, and ZO-1 positive cells
[26]. Ca*" activates formation of filopodia, which embed
into the neighboring cells. This process is associated with
clustering of several TJs at sites of intercellular contacts.
Our experiment demonstrated that by adding SFF, kera-
tinocytes migrated to nearby cells resulting in confluent
sheets similar to that induced by high concentration of
Ca®". The results were not brought about by keratinocyte
proliferation, since MTT analysis of our experiment
demonstrated neither cytotoxicity nor proliferative ef-
fects on keratinocytes at the tested SFF concentrations.
This effect of SFF was not associated with the

JCDSA



20 Up-Regulation of Tight Junction-Related Proteins And Increase of Human Epidermal Keratinocytes Barrier Function
by Saccharomycosis Ferment Filtrate

Claudin-1

GAPDH

Control 0.1 x 0.5 x 1x SFF
(a) RT-PCR

Claudin-1 m— e—

Tubulin

Control 0.1 x 0.5 x 1x SFF
(b) Western Blot

Figure 3. Effect of SFF on the mRNA and protein levels of claudin-1 in epidermal keratinocytes. Primary epidermal kerati-
nocytes at 60-70 % confluency were treated with different concentration of SFF as indicated. The mRNA and protein levels of
claudin-1 in epidermal keratinocytes were analyzed by RT-PCR (A) and Western blot method (B). All experiments were done
in triplicate.
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Figure 4. Effect of SFF on the protein levels of TJs in epidermal keratinocytes. Primary epidermal keratinocytes at 60-70 %
confluency were treated with different concentration of SFF as indicated. The protein levels of TJs including claudin-3,-4,
occludin and ZO-1 in epidermal keratinocytes were analyzed by Western blot method. All experiments were done in tripli-
cate.
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C 0.1 x 0.5 x 1x SFF

Figure 5. Effect of SFF on TER of epidermal keratinocytes. Primary epidermal keratinocytes were grown on the filter mem-
brane in a transwell chamber and treated with 1x SFF for 24 hrs. TER was then measured by using the EVOM epithelial
voltohmmeter. All experiments were done in triplicate.
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Figure 6. SFF reduced the H,0,-induced cell loss in epidermal keratinocytes. Primary epidermal keratinocytes at 60-70 %
confluency were treated with 1x SFF for 24 hrs. H,0,at 1mM was then added to the culture for another 24 hrs and photo-
graphed (A). Primary epidermal keratinocytes at 60-70 % confluency were treated with 1x SFF for 24 hrs. Different concen-
tration of H,O,was then added to the culture for another 24 hrs and cell viability was measured by MTT assay (B). All ex-
periments were done in triplicate.
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presence of Ca®’, since the pretreatment with EGTA, a
Ca*" chelator, did not abolish the cell-cell adhesion of
epidermal keratinocytes induced by SFF.

In our experiments, keratinocytes cultured with SFF
also increased the TER. The TER of the keratinocyte
sheet reflects the transepithelial permeability of wa-
ter-soluble ions. A higher TER indicates a lower ionic
permeability [27]. Meanwhile, the expression of TlJs,
including claudin-1, -3, -4, occludin and ZO-1, were also
elevated in a dose-dependent fashion. In stratified epithe-
lia such as human epidermis, the role of TJs was not
clearly elucidated from 1970 to the earlier 1980s. The
observation of TJs in epidermis by freeze-fracture failed
to demonstrate typical belt-like TJ strands surrounded
keratinocytes. Only poorly-developed TJ-like strands
were rarely encountered [6]. Skin barrier function was
initially considered to be provided primarily by the cor-
nified cell envelope, an insoluble complex of
cross-linked proteins and lipids [28]. After the anaylsis of
claudin-1 deficient mouse, the crucial role of TJs in skin
barrier function gained popular interest. Claudin-1 defi-
cient mice died within 1 day of birth and showed severe
defects in the permeability barrier of epidermis, despite
possessing an intact CCE [3]. Emerging evidence also
showed the essential functions of TJs in barrier functions
[4, 29]. Thus the elevated TER and increases in expres-
sion of TJs after cultured with SFF, are indicative of an
enhancement in skin barrier function.

Exogenous H,0, supplementation is known to cause
an increased permeability and decreased TER accompa-
nied with disruption of TJs in epithelial cells and endo-
thelial cells [17]. The addition of H,0O, to epidermal kera-
tinocytes for 24 hours resulted in a dose-dependent cell
loss; this effect could be eliminated when cells were si-
multaneously within the presence of SFF. Annexin V
analysis demonstrated less fluorescent staining cells after
adding SFF with H,0O, The results reinforced the protec-
tive effect of SFF by preventing apoptosis of keratino-
cyte from the damage of H,O, The enhanced barrier
function of epidermal keratinocytes by SFF was con-
firmed in our study.

The epidermis shows polarization in a broader sense,
such that specific layers of the epidermis not only ex-
press an unique set of differentiation but also functional
markers [30,30,31]. TJs are not only important in the
permeability properties of epidermal barriers; they also
function in the regulation of keratinocyte proliferation
and differentiation. The TJs consist of transmembrane
proteins that mediate adhesion, barrier formation, and
selective paracellular diffusion of skin. TJs also form a
protein network that links the junction to the actin cy-
toskeleton and recruit different types of signaling pro-
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teins that regulate junction assembly and function as well
as epithelial proliferation and differentiation [32].

In many diseases, alterations in location or quantity of
TJs were observed. In hyperkeratotic dermatoses, such as
psoriasis vulgaris, lichen planus, and ichthyosis vulgaris,
expression of ZO-1 and occludin were relocated to the
upper parts of the thickened spinous layer [5]. Electron
microscopic studies showed that TJs decreased in num-
ber and were attenuated during carcinogenesis, and was
associated with loss of tumor differentiation. As such,
expression of occludin and ZO-1 is reduced in gastroin-
testinal adenocarcinoma in relation to histopathological
grading. Claudin-1 expression is low or undetectable in
breast tumors and breast cancer cell lines, indicating
claudin-1 as a possible tumor-suppressor gene [33,34].
Aberrant distribution or decrease expression of occludin,
Z0-1, and claudin-1, -4, were observed in Bowen’s dis-
ease and squamous cell carcinoma of skin [35]. In our
experiments, 24 hours after incubation with SFF, the TJs
including claudin-1, -3, -4, occludin, and ZO-1 were in-
creased in a dose-dependent fashion, both in transcrip-
tional and translational levels. Skin barrier function dete-
rioration and elevation of TEWL were typical alterations
in aged skin [36-38]. Appearance of characteristic wrin-
kles in claudin-1 deficient mice also points to an impor-
tant role in TJs in anti-aging [3]. The identification of
TJ-associated proteins such as symplekin, which partici-
pates in nuclear as well as cytoplasmic polyadenylation,
suggests that TJs might contribute to regulation of
mRNA stability and localization [39]. These observations
indicate that SFF may also contribute to the modulation
of keratinocyte differentiation toward a healthier trend
and thus improve the quality of photodamaged skin.

Overall, our results demonstrate that SFF can increase
skin barrier function by increasing the expression of TJs.
This is the first study that elucidates the effects of SFF as
an effective moisturizing component. The induction of
TJs by SFF may also benefit skin health in the aspects of
anti-aging, by modulating keratinocyte differentiation,
preventing cellular apoptosis, as well as enhancing skin
barrier function. The SFF is a complex mixture, and it is
not known which of its many components is responsible
for these biological activities. Further studies using frac-
tionations of SFF with functional analysis as well as in
vivo study on human skin are warranted for a better un-
derstanding of the effects of SFF.
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