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Abstract: (—)-Epigallocatechin-3-O-gallate (EGCG) has long been known as a potent
inducer of keratinocyte differentiation. Although its molecular mechanisms have been
extensively studied, its actions on human skin remain to be elucidated. In this study, we
demonstrated that methylated EGCG and EGCG increase the expression of klotho, and that
klotho functions as a downstream target of EGCG and methylated EGCG in keratinocyte
differentiation. We demonstrated that methylated EGCG3 and EGCG induce morphological
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changes in normal human epidermal keratinocytes (NHEKS) that are related to up-regulation
of klotho expression. We also demonstrated that a klotho-induced keratinocyte differentiation
marker in NHEKSs is inhibited by H-89, a protein kinase (PKA) inhibitor. These results
suggest that methylated EGCG and EGCG may function as inducers of keratinocyte
differentiation via transcriptional regulation of the klotho protein.

Keywords: (—)-epigallocatechin-3-O-gallate; methylated EGCG; klotho; keratinocyte
differentiation

1. Introduction

Keratinization of the epidermis is a well-defined program of differentiation: keratinocytes progress
vertically from basal cells into spinous and granular cells to flattened, differentiated squamous cells in
the stratum corneum [1]. The most important purpose of keratinocyte differentiation is the establishment
and maintenance of the stratum corneum, the outermost layer of the skin. The stratum corneum
consists of corneocytes and extracellular lipids secreted by differentiated keratinocytes, which together
function as a barrier against the entry of chemicals and microbes from the environment and protect the
body from dehydration [2].

The klotho (KL) gene, named after the Greek goddess said to spin the thread of life, was identified
in 1997 as a gene mutated in the klotho mouse, which has an extremely short life span and suffers from
multiple disorders resembling human premature-aging syndromes. It has been reported that the skin of
KL knockout mice has reduced dermal and epidermal thickness and a reduced number of hair
follicles. However, little is known about KL regulation during the aging process in skin [3,4].

Tea (Camellia sinensis L.) is one of the most commonly consumed beverages in the world,
particularly in Asian countries [5]. Green tea is known to have various bioactivities, including
anti-carcinogenic [6,7], anti-mutagenic [8], anti-angiogenic [9], and anti-hypercholesterolemic [10]
activities. (—)-Epigallocatechin-3-O-gallate (EGCGQG), the major catechin present in green tea, has been
reported to induce differentiation and decreased cell proliferation in epidermal keratinocytes [11,12].
Based on extensively documented beneficial effects of EGCG on skin cells, many pharmaceutical and
cosmetic companies are supplementing their skin care products with green tea extracts or EGCG [12—-14].

Tea catechins undergo substantial biotransformation such as methylation, sulfation, and
glucuronidation [15,16]. Figure 1 shows the structure of methylated EGCG in tea. Recent research has
shown that O-methylated derivatives of EGCG inhibit type I atopic disorders (e.g., atopic dermatitis,
allergic asthma and rhinitis) and type IV allergies (e.g., contact dermatitis, hypersensitivity
pneumonitis and allograft rejection) more effectively than EGCG does [17,18]. However, the
biological roles of methylated EGCG have been much less studied than those of EGCG.

In this study, based on the results of previous reports about EGCG-induced differentiation and
reduced cell proliferation in epidermal keratinocytes, we have investigated and compared the
biological effects of an O-methylated EGCG derivative and EGCG.
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Figure 1. Chemical structures of epigallocatechin-3-O-gallate (EGCG) and
epigallocatechin-3-O-(3-O-methyl)-gallate (EGCG"3Me).
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Here, we demonstrate that epigallocatechin-3-O-(3-O-methyl)-gallate (EGCG"3Me) activates the
expression of KL gene products and induces the differentiation of human epidermal keratinocytes.
We also found that the mechanism of EGCG"3Me-induced changes to skin barrier components
was related to amplification of the KL signaling pathway, especially protein kinase A (PKA)-cAMP
responsive element-binding protein (CREB) signal cascades.

2. Results
2.1. EGCG"3Me Induces Keratinocyte Differentiation

To investigate the effects of EGCG and EGCG"3Me on keratinocytes, we tested the cell viability of
NHEKSs after 48 and 72 h treatments with various concentrations of EGCG and EGCG"3Me.
To get clear results of the differentiation makers, Keratin 10 (KRT10), Keratin 1 (KRT1) and
involucrin (IVL) in Western blot analysis, we harvested the cells more than 2 days after and EGCG
(Figure 2A). After 72 h, no toxicity was observed below 1 uM for each treatment, confluence (>90%)
in NHEKSs. To test cell survival ratio (%), we treated EGCG and EGCG"3Me from 0.1 to 50 uM in
dose-dependent manner. After 48 h, no significant toxicity was observed for concentrations below
10 uM. Moreover, there were no significant differences between EGCG"3Me however, there were
statistically significant differences in cell viability between EGCG and EGCG"3Me at 0.1, 1, and
10 uM, indicating that EGCG"3Me was less harmful to NHEKSs than EGCG (Figure 2B). To study the
effects of EGCG"3Me on keratinocyte differentiation, NHEKs were treated with EGCG"3Me, or with
EGCG as a positive control. EGCG"3Me induced keratinocyte differentiation in a dose-dependent
manner after 48 h (Figure 2C). After 48 h of treatment, both EGCG and EGCG"3Me induced
morphological changes resulting in enlarged, flattened and squamous-like cells, which is a feature of
differentiated keratinocytes (Figure 2C). These results indicated that the EGCG derivative EGCG"3Me
was also capable of inducing keratinocyte differentiation.

2.2. EGCG"3Me Increases KL Expression

To study the effects of EGCG and EGCG"3Me on KL expression at the transcription level,
we used qRT-PCR to analyze NHEKs treated with EGCG or EGCG"3Me. The analysis showed a
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dose-dependent increase in the expression of KL mRNA in cells treated with EGCG or EGCG"3Me
(Figure 3A). EGCG and EGCG"3Me (1 and 10 uM) increased the expression of KL mRNA in NHEKSs
by 3- and 2.5-fold, respectively. A corresponding increase in KL protein expression was confirmed by
Western blot analysis of cell lysates from control cells or NHEKSs treated with EGCG or EGCG"3Me
(Figure 3B). B-actin was used as a loading control. Moreover, keratinocyte differentiation markers
such as keratin 10 (KRT10) and IVL were also up-regulated by EGCG and EGCG"3Me.

Figure 2. Epigallocatechin-3-O-(3-O-methyl)-gallate (EGCG"3Me) induces keratinocyte
differentiation. Cell viability (measured using the Thiazolyl Blue Tetrazolium Blue assay)
of normal human epidermal keratinocytes (NHEKS) after treatment with epigallocatechin-
3-O-gallate (EGCG) and EGCG"3Me (0.1, 1, 10 and 50 uM) for (A) 48 h and (B) 72 h;
(C) Morphological changes in NHEKs after treatment with various concentrations of
EGCG and EGCG"3Me for 48 h, observed by phase contrast imaging (100x magnification,
scale bar = 100 pm). N.S stands for not statistically significant. * p < 0.05 versus same dose

of EGCG.
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Figure 3. Epigallocatechin-3-O-gallate (EGCG) and epigallocatechin-3-O-(3-O-methyl)-
gallate (EGCG"3Me) increase klotho (KL) expression. (A) Normal human epidermal
keratinocytes (NHEKs) analyzed by qRT-PCR 24 h after treatment with EGCG and
EGCG"3Me (0.1, 1, and 10 uM). The values represent the mean + standard deviation of
three independent experiments (* p < 0.05); and (B) The expression level of KL, keratin 10
(KRT10), involucrin (IVL) and B-actin in NHEKs analyzed by western blot 24 h after
treatment with EGCG and EGCG"3Me (1 and 10 uM). The results are representative of
three independent experiments.
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2.3. KL Increases Keratinocyte Differentiation Markers

Since EGCQG, an inducer of keratinocyte differentiation, increases KL expression and keratinocyte
differentiation markers, we investigated whether KL expression can regulate keratinocyte differentiation.
As shown in Figure 4A, NHEKSs transfected with plasmids encoding KL (mammalian expression
vectors) showed the morphology of keratinocytes, including enlarged, flattened, and squamous-like
cells with lamellar granules, in contrast to cells transfected with empty vector. Consistent with this
result, Figure 4B,C show that ectopic expression of KL or addition of KL peptides, respectively,
increased the keratinocyte differentiation markers KRT10 and KRT1. We also compared KL expression
levels in normal NHEKs and HEK293 cells and NHEKs knocked-down for KL (Figure 4D).
We observed that the up-regulation of KRT10 and IVL by the EGCG treatment was attenuated in
cells transfected with KL siRNA (Figure 4E). These results indicate that KL is deeply involved in
keratinocyte differentiation.
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Figure 4. Klotho (KL) increases keratinocyte differentiation markers. (A) Morphology of
normal human epidermal keratinocytes (NHEKSs) transfected for 48 h with plasmids
encoding KL, observed by phase contrast imaging (100x magnification; scale bar = 100 um);
(B) Protein levels in NHEKSs after ectopic over-expression of Myc-KL, KL, keratin 10
(KRT10), keratin 1 (KRT1) and B-actin, analyzed by western blot analysis; (C) NHEKs
treated with KL peptides for 48 h and analyzed by western blot using antibodies against
KL, KRTI1, KRT10, and B-actin. The results are representative of three independent
experiments.; (D) KL expression in NHEKSs transfected with KL siRNA or non-targeting
siRNA for 48 h, compared with KL expression in HEK293 cells, using western blot analysis;
and (E) NHEKs were transfected for 48 h with KL siRNA and analyzed for KL, KRT10,
involucrin (IVL) and PB-actin by western blot. The results are representative of three

independent experiments.
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2.4. Morphological Changes in NHEKs Induced by EGCG and EGCG"3Me Involve PKA Signaling
and Are Inhibited by the PKA Inhibitor H-89

We tested whether EGCG"3Me could induce changes in NHEKs via the PKA pathway. After
treatment of NHEKs with EGCG or EGCG"3Me (Figure 5A,B, respectively) for 12 h, KRT10
expression levels started to increase. We then investigated whether the phosphorylation level of CREB,
which is activated by PKA via the cAMP signaling pathway, was altered after the treatment with
EGCG or EGCG"3Me. After 6 h, the level of phosphorylated CREB was strongly increased, however,
the total level of CREB was largely unchanged or slightly increased after 24 h. We also tested whether
EGCG"3Me could induce morphological changes in NHEKs via the PKA pathway. As shown in
Figure 5C, EGCG"3Me-induced morphological changes to NHEKs were dramatically inhibited by
pre-treatment with H-89, a highly selective inhibitor of cAMP-dependent PKA. H-89 also dramatically
inhibited the expression of KL-induced KRT10, a representative differentiation marker in keratinocytes,
and reduced the level of CREB phosphorylation in NHEK cells (Figure 5D).

These results indicate that EGCG and EGCG"3Me are deeply involved in KL-related cellular
actions through the PKA-CREB signaling pathway, which can induce keratinocyte differentiation.

Figure 5. Epigallocatechin-3-O-gallate (EGCG) and epigallocatechin-3-0-(3-O-methyl)-
gallate (EGCG"3Me) can induce phosphorylation of cAMP responsive element-binding
protein (CREB). Normal human epidermal keratinocytes (NHEKs) were treated with
(A) EGCG (10 uM) or (B) EGCG"3Me (10 uM) for 0, 0.5, 1, 3, 6, 12 or 24 h and analyzed
by Western blotting to detect the expression levels of total CREB, phosphorylated CREB
(pCREB), and phosphorylated activating transcription factor 1 (pATF1). B-actin was used
as a loading control; (C) After pre-treatment with DMSO or the protein kinase (PKA)
inhibitor H-89, NHEK cells were treated with EGCG or EGCG"3Me for 48 h and analyzed
for keratinocyte differentiation (scale bar = 100 pum); (D) NHEKs were transfected
with over-expression vectors of KL or H-89 for 24 h and analyzed for KRTI10,
phosphorylated CREB, total CREB, phosphorylated activating transcription factor 1
(pATF1) and B-actin by western blot (c: control; EV: empty vector; KL: vector containing
KL gene). The results are representative of three independent experiments; and (E) Graphic
view of signaling pathway.
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3. Discussion

In this study, we show results indicating a correlation between EGCG"3Me and KL in keratinocyte
differentiation. We found that KL was up-regulated by EGCG"3Me at the transcriptional and
translational level, influencing keratinocyte differentiation though the PKA-CREB signaling pathway.

Although research has shown that EGCG exerts photo-protective and anti-carcinogenic effects in

skin [19], its molecular mechanisms relating to keratinocyte differentiation remain to be fully

elucidated, especially the mechanisms of EGCG derivatives such as methylated EGCG.

Until recently, little has been known about the cellular activities of EGCG derivatives, including
EGCG"3Me. To reveal their safety and efficacy, the cellular effect and biological roles of these
derivatives should be studied and compared with the established effects of EGCG. Therefore, EGCG
was used as a positive control in all of the experiments in this study. As shown in Figure 2, we
compared the cell viability of NHEKSs treated with EGCG"3Me and EGCG for 48 h at concentrations
up to 10 uM. At these conditions, EGCG"3Me induced keratinocyte differentiation at the same level as
EGCG, which is known to induce keratinocyte differentiation [20]. We also found that EGCG"3Me
could increase the KL expression level in NHEKSs. In another study, KL was found to be related to
resistance against H,O,-induced oxidative stress damage in HaCaT cells (immortalized human
keratinocytes) and NHEKs [21]. Here, we show that when the level of KL was transiently reduced,
the levels of EGCG"3Me-mediated KRT10 and IVL were also reduced. In contrast, when KL was
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over-expressed, differentiation markers were up-regulated (Figure 3E). These results indicate that the
differentiating activities of EGCG"3Me are deeply related to increased KL expression and may have a
role in KL-related signaling cascades. However, the mechanism by which EGCG"3Me up-regulates
KL expression remains to be elucidated.

Interestingly, the treatment of NHEKs with KL peptide also increased the level of differentiation
markers and morphological changes, similar to the over-expression of KL by transient transfection.
KL is known as a protein that functions as an anti-aging hormone [22]. Because of its hormonal
property, it might regulate itself at the cellular level via a positive feedback mechanism. To investigate
the signaling pathway by which EGCG"3Me or KL may increase keratinocyte differentiation, we
speculated and observed that EGCG"3Me and KL were related to the PKA-CREB pathway in NHEKS.
After PKA is activated by cAMP [23], PKA directly activates CREB [24,25]. In the HaCaT cell line,
the secondary messenger cAMP is important for inducing terminal differentiation markers [26].
Moreover, KL expression is mediated through PKA-dependent phosphorylation of the transcription
factor CREB in retinal pigment epithelium (RPE) and endothelial cells [27,28]. It has previously
been reported that an increase in extracellular or intracellular calcium levels cause keratinocyte
differentiation [29-32]. However, because EGCG could not induce the uptake or mobilization of
intracellular calcium levels in NHEKSs [33], we focused on the signal cascades from EGCG"3Me to the
KL and PKA-CREB pathway. We found that the phosphorylation of CREB increased upon treatment
of cells with EGCG"3Me or EGCG (Figure 4A,B), and that pre-treatment with the PKA inhibitor H-89
inhibited the EGCG"3Me (or EGCG) and over-expression of KL-induced keratinocyte differentiation
markers (Figure 5C,D). In addition, the reduction of KL-mediated phosphorylation of CREB was seen
after H-89 pre-treatment for both the EGCG"3Me (or EGCG) and KL over-expression treatment.
Finally, it might be postulated that the increase in cAMP and KL expression by EGCG"3Me is the
result of PKA activation and induce the phosphorylation of CREB (Figure 5). These data lead us to
conclude that KL is a potent regulator that activates PKA signaling in EGCG"3Me (or EGCG)
mediated keratinocyte differentiation.

4. Experimental Procedures
4.1. Materials

EGCG (purity > 97%) was purchased from Morechem (Seoul, Korea). EGCG"3Me was obtained
from Nagara Science Co., Ltd., (Gifu, Japan). EGCG and EGCG"3Me were dissolved in dimethyl
sulfoxide (DMSO) and filter-sterilized before use. Normal human epidermal keratinocytes (NHEKS)
were purchased from Lonza (Allendale, NJ, USA). Human embryonic kidney (HEK) 293T cells were
purchased from the American Type Culture Collection (Manassas, VA, USA). KL peptide was
purchased from R&D systems (Minneapolis, MN, USA). H-89 was obtained from Calbiochem
(San Diego, CA, USA) and dissolved in DMSO.

4.2. Cell Culture

HEK 293T cells were maintained in Dulbecco’s Modified Eagle Medium (DMEM) supplemented
with 10% fetal bovine serum (FBS) at 37 °C in 5% CO, (v/v). NHEKs were cultured in Keratinocyte
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Growth Medium (KGM-GOLD, Lonza, Allendale, NJ, USA). NHEKs were subcultured by
detachment with 0.025% trypsin and transfer into new tissue culture flasks. Cells were used within
passage 2.

4.3. Cell Viability Assay

After treatment of NHEKs with EGCG"3Me and EGCG (0, 0.1, 1, 10 and 50 uM) for 48 and 72 h,
50 uL (2 mg/mL) of Thiazolyl Blue Tetrazolium Bromide (MTT, Sigma-Aldrich, St. Louis, MO,
USA) dissolved in KGM-GOLD was added to the cells, which were then incubated for 3 h at 37 °C.
The medium was removed, and formazan crystals of the cells were solubilized in 200 uL of DMSO by

gentle shaking for 10 min. The amount of formazan present was quantified using a microplate reader
(Molecular Devices, Sunnyvale, CA, USA) at 540 nm.

4.4. RNA Extraction and Quantitative Real-Time RT-PCR (qRT-PCR)

Total RNA was isolated using TRIzol™ (Invitrogen, Carlsbad, CA, USA), according to the
manufacturer’s protocol. The RNA concentration was measured spectrophotometrically, and RNA
integrity was assessed using a BioAnalyzer 2100 (Agilent Technologies, Santa Clara, CA, USA).
Four micrograms of RNA was reverse-transcribed into cDNA with SuperScript®IH reverse transcriptase
(Invitrogen, Carlsbad, CA, USA), and aliquots were stored at —70 °C. The expression levels of target
genes were determined using quantitative real-time TagMan RT-PCR technology (7500Fast, Applied
Biosystems, Foster City, CA, USA). The following cycling conditions were used: 95 °C for 10 min,
50 cycles of 95 °C for 15 s, and 60 °C for 1 min. The following TagMan probes were used: KL,
Hs00183100 m1; and RPL13A, Hs04194366 gl (Applied Biosystems, Foster City, CA, USA), which
is commonly used a housekeeping gene for normalization in NHEKs and was used to normalize the
variations in cDNA levels.

4.5. Knock-Down or Over-Expression of KL

Briefly, to knock down KL, NHEKs were transfected for 48 h with 50 nM of ON-targetplus
SMARTPOOL siRNA (Non-targeting#2, #D-001810-02; and human KL, #L-011936-01-0020)
according to the manufacturer’s protocol (Thermo Fisher Scientific, Lafayette, CO, USA) using
Lipofectamine® RNAi MAX Transfection Reagent (Invitrogen, Carlsbad, CA, USA). For KL
over-expression, using mammalian expression vectors encoding the KL gene, 1 pg/mL of plasmid was
transfected for 48 h using the X-tremeGENE HP DNA Transfection Reagent (Roche Diagnostics
GmbH, Mannheim, Germany).

4.6. Western Blot Analysis

NHEKSs were lysed with RIPA cell lysis buffer containing a protease inhibitor and phosphatase
inhibitor cocktails (Sigma, St. Louis, MO, USA). After centrifugation of the lysate at 15,000x g for
20 min, the supernatant was used to analyze the level of proteins. The concentration of proteins was
determined using the Bradford method with bovine serum albumin (BSA) as a standard. Protein samples
(40 pg) were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE),
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and the gel was then transferred onto a polyvinylidene difluoride (PVDF) membrane. Membranes were
blocked with 5% non-fat skim milk in TBS-T buffer (10 mM Tris-HCI at pH 8.0, 150 mM NacCl,
0.015% Tween-20) for 1 h at room temperature. Blocked membranes were probed overnight at 4 °C
with anti-KL antibody (Cosmo Bio, Tokyo, Japan); anti-keratin 10 (KRT10) and anti-keratin 1 (KRT1)
(Covance, Princeton, NJ, USA); involucrin (IVL), CREB, phosphorylated CREB and [-actin
(Cell Signaling, Boston, MA, USA). Blots were washed at least three times in TBS-T buffer and
reacted with horseradish peroxidase-conjugated anti-mouse or anti-rabbit IgG secondary antibodies
raised in goat (Bio-Rad, Hercules, CA, USA) at room temperature for 1 h. Blots were developed with
ECL solution (Amersham Pharmacia Biotech, Piscataway, NJ, USA).

4.7. Statistical Analyses

Statistical analyses were performed using Student’s #-test. All measurements were obtained from
at least three independent experiments carried out in triplicate, and values are expressed as the
mean + standard deviation.

5. Conclusions

In conclusion, the identification of KL as a new target molecule for EGCG"3Me (or EGCG)
provides new insight into the interplay between signaling pathways and protein networks in
keratinocyte differentiation.

Author Contributions

Conceived and designed the experiments: H.-J.K., H.C., S.H.H., D.W.S. and H.K. Performed the
experiments: H.-J.K., H.C., S.H.H., J.-Y.J. and S.A. Analyzed the data: H.-J.K., H.C., D.W.S., HK,,
M.S.L., S.-Y.B., JH.L., J.H.L. and T.R.L. Contributed reagents/materials/analysis tools: S.A., M.S.L.,
S.-Y.B., JH.L. and J.H.L. Wrote the paper: H.-J.K., H.C., SH.H., T.R.L., D.W.S. and H.K.

Conflicts of Interest
The authors declare no conflict of interest.
References

1. Holbrook, K. Ultrastructure of the epidermis. In The Keratinocyte Handbook, lst ed.; Leigh, L.,
Lane, B., Watt, F., Eds.; Cambridge University Press: Cambridge, UK, 1994; pp. 33-39.

2. Haake, A.R.; Holbrook, K.; Freedberg, [.M.; Eisen, A.Z.; Wolff, K.; Austen, K.F.; Goldsmith, L.A_;
Katz, S.1.; Fitzpatrik, T.B. The structure and development of skin. In Fitzpatrick’s Dermatology in
General Medicine; McGraw-Hill: New York, NY, USA, 1999; pp. 70-114.

3. Nakatani, T.; Sarraj, B.; Ohnishi, M.; Densmore, M.J.; Taguchi, T.; Goetz, R.; Mohammadi, M.;
Lanske, B.; Razzaque, M.S. In vivo genetic evidence for klotho-dependent, fibroblast growth
factor 23 (FGF23)-mediated regulation of systemic phosphate homeostasis. FASEB J. 2009, 23,
433-441.



Int. J. Mol. Sci. 2014, 15 5760

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Kuro-o, M.; Matsumura, Y.; Aizawa, H.; Kawaguchi, H.; Suga, T.; Utsugi, T.; Ohyama, Y.;
Kurabayashi, M.; Kaname, T.; Kume, E.; et al. Mutation of the mouse klotho gene leads to a
syndrome resembling ageing. Nature 1997, 390, 45-51.

Khan, N.; Mukhtar, H. Tea polyphenols for health promotion. Life Sci. 2007, 81, 519-533.

Yang, C.S.; Maliakal, P.; Meng, X. Inhibition of carcinogenesis by tea. Annu. Rev.
Pharmacol. Toxicol. 2002, 42, 25-54.

Mukhtar, H.; Ahmad, N. Tea polyphenols: Prevention of cancer and optimizing health.
Am. J. Clin. Nutr. 2000, 71 (Suppl. 6), 1698S—-1702S.

Wang, Z2.Y.; Cheng, S.J.; Zhou, Z.C.; Athar, M.; Khan, W.A.; Bickers, D.R.; Mukhtar, H.
Antimutagenic activity of green tea polyphenols. Mutat. Res. 1989, 223, 273-285.

Cao, Y.; Cao, R. Angiogenesis inhibited by drinking tea. Nature 1999, 398, 381.

Yang, T.T.; Koo, M.W. Chinese green tea lowers cholesterol level through an increase in fecal
lipid excretion. Life Sci. 2000, 66, 411-423.

Shutsung, L.; Yung, K.; Hiipakka, R.A. Green tea: Biochemical and biological basis for health
benefits. Vitam. Horm. 2001, 62, 1-94.

Chung, J.H.; Han, J.H.; Hwang, E.J.; Seo, J.Y.; Cho, K.H.; Kim, K.H.; Youn, J.I.; Eun, H.C.
Dual mechanisms of green tea extract (EGCG)-induced cell survival in human epidermal
keratinocytes. FASEB J. 2003, 17, 1913-1915.

Gianeti, M.D.; Mercurio, D.G.; Campos, P.M. The use of green tea extract in cosmetic
formulations: Not only an antioxidant active ingredient. Dermatol. Ther. 2013, 26, 267-271.
Scalia, S.; Marchetti, N.; Bianchi, A. Comparative evaluation of different co-antioxidants on the
photochemical- and functional-stability of epigallocatechin-3-gallate in topical creams exposed to
simulated sunlight. Molecules 2013, 18, 574-587.

Feng, W.Y. Metabolism of green tea catechins: An overview. Curr. Drug Metab. 2006, 7, 755-809.
Sang, S.; Lambert, J.D.; Ho, C.T.; Yang, C.S. The chemistry and biotransformation of tea
constituents. Pharmacol. Res. 2011, 64, 87-99.

Masazumi, S.; Kyoji, Y.; Mari, M.Y.; Toshio, M.; Mitsuaki, S. Inhibitory effects of tea catechins
and O-methylated derivatives of (—)-epigallocatechin-3-O-gallate on mouse type IV allergy.
J. Agric. Food Chem. 2000, 48, 5649—-5653.

Kyoji, Y.; Kenjiro, O.; Toshio, M.; Mitsuaki, S. Inhibitory effects of the C-2 epimeric isomers of
tea catechins on mouse type IV allergy. J. Agric. Food Chem. 2004, 52, 4660—4663.

Hsu, S. Green tea and the skin. J. Am. Acad. Dermatol. 2005, 52, 1049-1059.

Hsu, S.; Bollag, W.B.; Lewis, J.; Huang, Q.; Singh, B.; Sharawy, M.; Yamamoto, T.; Schuster, G.
Green tea polyphenols induce differentiation and proliferation in epidermal keratinocytes.
J. Pharmacol. Exp. Ther. 2003, 306, 29-34.

Liu, L.; Xie, H.; Chen, X.; Shi, W.; Xiao, X.; Lei, D.; Li, J. Differential response of normal
human epidermal keratinocytes and HaCaT cells to hydrogen peroxide-induced oxidative stress.
Clin. Exp. Dermatol. 2012, 37, 772-780.

Hiroshi, K.; Masaya, Y.; Makoto, K. Suppression of aging in mice by the hormone klotho.
Science 2005, 309, 1829—-1833.



Int. J. Mol. Sci. 2014, 15 5761

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Meinkoth, J.L.; Alberts, A.S.; Went, W.; Fantozzi, D.; Taylor, S.S.; Hagiwara, M.; Montminy, M.;
Feramisco, J.R. Signal transduction through the cAMP-dependent protein kinase. Mol. Cell. Biochem.
1993, 127-128, 179-186.

Shaywitz, A.J.; Michael, E.G. CREB: A stimulus-induced transcription factor activated by a
diverse array of extracellular signals. Annu. Rev. Biochem. 1999, 68, 821-861.

Mayr, B.; Montminy, M. Transcriptional regulation by the phosphorylation-dependent factor
CREB. Nat. Rev. Mol. Cell Biol. 2001, 2, 599-609.

Mammone, T.; Marenus, K.; Maes, D.; Lockshin, R.A. The induction of terminal differentiation
markers by the cAMP pathway in human HaCaT keratinocytes. Skin Pharmacol. Appl. Skin Physiol.
1998, 11, 152-160.

Yang, J.; Matsukawa, N.; Rakugi, H.; Imai, M.; Kida, I.; Nagai, M.; Ohta, J.; Fukuo, K.;
Nabeshima, Y.; Ogihara, T. Upregulation of cAMP is a new functional signal pathway of Klotho
in endothelial cells. Biochem. Biophys. Res. Commun. 2003, 301, 424—429.

Kokkinaki, M.; Abu-Asab, M.; Gunawardena, N.; Ahern, G.; Javidnia, M.; Young, J.; Golestaneh N.
Klotho regulates retinal pigment epithelial functions and protects against oxidative stress.
J. Neurosci. 2013, 33, 16346-16359.

Li, L.; Tucker, R.-W.; Hennings, H.; Yuspa, S.H. Inhibitors of the intracellular Ca(2+)-ATPase in
cultured mouse keratinocytes reveal components of terminal differentiation that are regulated by
distinct intracellular Ca®" compartments. Cell Growth Differ. 1995, 6, 1171-1184.

Li, L.; Tucker, R.W.; Hennings, H.; Yuspa, S.H. Chelation of intracellular Ca”" inhibits murine
keratinocyte differentiation in vitro. J. Cell. Physiol. 1995, 163, 105-114.

Hennings, H.; Kruszewski, F.H.; Yuspa, S.H.; Tucker, R.W. Intracellular calcium alterations in
response to increased external calcium in normal and neoplastic keratinocytes. Carcinogenesis
1989, 10, 777-780.

Kruszewski, F.H.; Hennings, H.; Yuspa, S.H.; Tucker, R.W. Regulation of intracellular free
calcium in normal murine keratinocytes. Am. J. Physiol. 1991, 261, C767-C773.
Balasubramanian, S.; Sturniolo, M.T.; Dubyak, G.R.; Eckert, R.L. Human epidermal
keratinocytes undergo (—)-epigallocatechin-3-gallate-dependent differentiation but not apoptosis.
Carcinogenesis 2005, 26, 1100-1108.

© 2014 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access article

distributed under the terms and conditions of the Creative Commons Attribution license

(http://creativecommons.org/licenses/by/3.0/).



