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ABSTRACT

Background: Skin is an organ that protects the human body from various environmental stimuli that can induce immune system
activation. Skin aging can be largely divided into two categories: physiological aging, which is caused by the a decreased physiolog-
ical function of the skin and structural changes with aging, and photoaging, which is caused by the chemical stress induced by exter-
nal stimuli such as ultraviolet (UV) radiation.

Methods and Results: The objective of this study was to investigate the anti-wrinkle and UV protective effect of catechin-rich
green tea extract (CGTE) in activated keratinocyte (HaCaT cells) and UV-induced skin damage in hairless mice. The results showed
that CGTE inhibits the tumor necrosis factor-alpha interferon-gamma (TNF-o + IFN-y)-induced expression of matrix metallopro-
teinase (MMP)-1 in HaCaT cells. In addition, the CGTE treatment significantly reduced wrinkle formation, epidermal thickness,
collagen deposition, and transepidermal water loss in dorsal skin irradiated with UVB. However, the f-glucosidase activity was sig-
nificantly increased. The CGTE treatment inhibits mRNA expression and enzyme activity of MMP-2 and MMP-9 in the dorsal skin
irradiated with UVB.

Conclusions: It is expected that CGTE can be effectively used as a functional food and cosmetic ingredient to improve skin mois-
ture retention and reduce wrinkle formation.

Key Words: Catechin-rich Green Tea Extract, UV-induced Skin Damage, Metalloproteinases, Anti-wrinkle

INTRODUCTION been performed to identify the ingredients of cosmetic

functional foods (Lee, 2008).
Given the increasing interest in cosmetic functional The skin is an organ that protects the human body
foods that affect skin aesthetics, multiple studies, including from various environmental stimuli which can induce
cell-level studies, animal studies, and clinical trials, have activation of the immune system. Skin aging can be
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largely divided into two categories: physiological aging,
which is caused by the decreased physiological function of
the structural with  aging,

photoaging, which is caused by chemical stress created

skin  and changes and
from external stimuli such as ultraviolet (UV) radiation.
Exposure of the skin to UV rays increases the risk of
the
erythema, edema, pigmentation, roughness, loss of elasticity,
and wrinkles) (Chung, 2003). UV light in the atmosphere
can be further divided into UVA (315-400nm) and UVB
(280 -315nm) based on their wavelengths. UVA penetrates

more deeply than UVB and therefore is absorbed less in

skin damage and promotes aging process (i.e.

the epidermis as compared to the dermis; UVB induces
various changes to the epidermis which can result in the
expression of matrix metalloproteinases (MMPs) to promote
photoaging, as well as other diseases such as skin cancer
(Soter, 1990; Oh et al., 2006).

(-)-Epigallocatechin-3-gallate

(EGCG) s type of

catechin-the key ingredient of green tea-and is the most

a

common polyphenol with 200 - 300 mg in a cup of green
tea. It has a strong antioxidative effect: 25 fold greater

100 fold
greater than vitamin C (Kang et al, 1999; Khan et al,
2006). Previous studies have assessed the role of EGCG
in anti-inflammation (Youn, 2007), tumorigenesis and tumor

than vitamin E-a well-known antioxidant-and

suppression both in vivo and in vitro (Chen et al., 1998),
and Kim, 2005),
mutation, and antibacterial effects (Cabrera et al., 2006).

antioxidation (Ha anti-obesity, anti-
In addition, previous animal model studies demonstrate that
local treatment or oral administration of polyphenols from
green tea or EGCG have both an immunosuppressive and
protective effect against tumorigenesis driven by UVB
(Rutter et al., 2003; Yusuf et al., 2007).

In this study,
CGTE on improving
suppression of MMP-1  expression keratinocyte
(HaCaT) cell line, assessed the effect of CGTE injection

on wrinkle formation and moisture

in order to investigate the effect of

skin damage, we confirmed a

n a

retention using a

hairless mouse-based photoaging model, and performed

histological analysis of mouse back tissue.

MATERIALS AND METHOD

1. Preparation of CGTE

Dried green tea (Camellia sinensis) leaves were
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purchased from Boseong, Korea in 2016. Green tea leaves
(1kg) were extracted with water at 60C for 6h, twice.
The water extract was concentrated under reduced pressure,
which was suspended in hot water, and then subjected to
Diaion HP-20 column chromatography (Mitsubishi, Tokyo,
Japan), (0, 10, 20, 30,
100%), stepwisely. Further purification of the combined
20% and 30% fractions together on Diaion HP-20 column
chromatography repeatedly yielded highly pure CGTE (52
g) as a white powder (Choi and Ryu, 2014).

eluted with aqueous ethanol

2. HPLC Analysis of CGTE

Contents of individual catechins were determined by HPLC
analysis on an Agilent 1220 Infinity LC system (Agilent
Technologies Inc., Santa Clara, CA, USA), equipped with a
ultra-violet (UV) detector. The analytical experiment of whole
extract and CGTE was performed by comparison to tea
catechin standards in running condition as shown in Table 1.

An HPLC analysis of CGTE revealed that it consisted
of EGC (epigallocatechin, 0.1%), EC (epicatechin, 0.2%),
EGCG (97.2%), and ECG (epicatechin gallate, 2.5%), and
caffeine-free.

3. Cell culture
Human keratinocytes (HaCaT) were obtained from the
Korean cell line bank (Seoul National University, Seoul,
Korea). Dulbecco's modified Eagle’s medium (DMEM,
Gibco BRL, Gaithersburg, MD, USA) supplemented with
10% inactivated fetal bovine serum (FBS, Gibco BRL,
Gaithersburg, MD, USA) containing 500 #g/mé penicillin
and 500 pg/ml  streptomycin  (GIBCO),

incubated at 37C in a humidified atmosphere with 5%
CO,. Media were changed every 3 days.

and cells were

4. MTT assay

Cell viability assay was measured using a quantitative
colorimetric assay with
(MTT, Amresco, OH,

thiazolyl blue tetrazolium bromide
USA), showing the mitochondrial
activity of living cells. HaCaT cells (1 x 10°%cells/mf) were
seed in 96-well plates. After drug treatment as indicated,
cells incubated with MTT (final
0.5mg/ml) for 4h at 37°C. The reaction was terminated by
addition of 100 /£ DMSO. Cell viability was measured by
an ELISA reader (Molecular Device LLC., Sunnyvale, CA,

USA) at 540 nm excitatory emission wavelength.

were concentration



Rl

w

mV |

o

()]

mV

(B)

mV

©

T
6 12 18

Fig. 1. HPLC chromatogram of A) standard 5 catechins
and caffeine in green tea and of B) whole extract of
green tea and C) CGTE. Peaks: 1; EGC, 2;catechin,
3; caffeine, 4; EC, 5; EGCG, and 6; ECG.

Table 1. HPLC running condition for tea catechins and extract.

HPLC running condition

0-12min: 10%
12 -25min: 15%
25 -28 min : 30%
28 - 30 min : 10%

Solvent elution:
gradient manner with
acetonitrile in 0.1% formic acid

Flow rate 1.0 m/min
Detection UV (280 nm)
Column Kromasil 100-5C;g

(250.0 mm X 4.6 mm)
35C
20 ul

Column temperature

Injection volume

5. Western blot analysis

The HaCaT cells in 60mm diameter
culture dishes (5 x 10%cells/mé) and pretreated with TNF-a
+IFN-y (10ng/mf) complex concentrations  of
CGTE (50, 100 and 200 pg/ml). After 6 h incubation, cell
extracts were prepared using RIPA buffer (Cell Signaling,
MA, USA) that 1
inhibitor  cocktail methyl
sulfonyl fluoride.

were cultured

various

supplemented  with
1 mM

Danvers, was

protease and phenyl
Protein concentrations of cell lysates were determined
with Bradford protein assay (Bio-Rad, Hercules, CA, USA)

and 20 ug of proteins were resoved by 10% SDS/PAGE.
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The gels were transferred to Polyvinylidene fluoride
(PVDF) membranes (Millipore, Billerica, MA, USA) and
reacted with appropriate primary antibodies. The membrane
was blocked with 5% nonfat milk in Trisbuffered saline
with Tween 20 buffer (150 mM NaCl, 20 mM Tris-HCI,
and 0.05% Tween 20, pH 7.4). After blocking, the
membrane was incubated with primary antibodies for 24 h.
Immunostaining with secondary antibodies was detected
using Chemi-Doc (Bio-Rad, Hercules, CA, USA) enhanced
and detected with Alpha

chemiluminescence  substrate

Imager HP.

6. MMP-1 production

HaCaT cells were cultured in 24 well plates (1 x10°
cells/well), TNF-a+IFN-y pretreated with CGTE (10, 50,
100, 200 pg/ml) for 24h, and exposed to UVB. The
production of MMP-1 was determined using a Fluorokine
E Human Active MMP-1 Fluorescent Assay Kit (R&D
Systems, Minneapolis, MN, USA).

7. UVB irradiation and induced skin wrinkle

Male mice were divided into five groups. all animal
with  the
and Use

were conducted in accordance
guidelines of the Institutional Animal
Committee (DJUARB2017-033) of the

Institute of Bioscience and Biotechnology (Daejeon, Korea).

procedures
Care
Korea Research

The first group did not receive any exposure or treatment
and served as control (Nr). The remaining animals were
divided into the UVB exposure alone (CT), and the UV
+retinoic acid (0.01%), the UV +CGTE 100 mgkg, and
the UV + CGTE 50 mg/kg.

in CT, retinoic acid, CGTE 100 and 50
mg/kg were exposed to a UVB (15 W type, UV
maximum wave length 312 nm; UV intensity 100 /-cm?
leda Boeki Co., Tokyo, Japan) every alternate day. HR-1

The mice

mice were irradiated with 100 mJ-cm? UVB radiation (1
minimal erythematal dose=100mJ-cm® daily for the first
week and from week 2 to week 9, UVB radiation was

irradiated three times a week at 200 mJ-cm?,

8. Wrinkle Measurement

Skin condition was assessed by photographing the mouse
dorsal skin at the end of the experiment to measure the
formation of wrinkles. Skin replicas were prepared using a
DETAX System II (MIXPAC) and Double-Stick Disc (3M,
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Carl-Schurz-Straie 1, Neuss, Germany) after UVB exposure.
After the experiment, the double skin disc was attached
to the mouse skin, and the mixed solution was sprayed
using DETAX System II. After the
completely hardened disc was removed and the degree of

2-3  minutes,
wrinkling was observed.

9. Measurments water content of stratum corneum
After leaving the area for 30 minutes or more in a
room humidity
(temperature 22 + 1T, humidity 60 + 5%) is maintained.
After Courage-Khazaka  (Koln,
Germany), CMS825 probe was gently pressed against the

where  constant  temperature  and

Corneometer from
skin surface of the back area and recorded as the skin
moisture content.

10. Activity of ceramide metabolism enzyme
The separated skin  was with  PBS
supplemented with 0.1 m PMSF and centrifuged at 10,000

pulverized

xg for 5 minutes at 4°C. To separated supernatant 50 /40
was added by reaction at 37C for 60 minutes citrate-
phosphate buffer (pH 5.6, SmM sodium taurocholate)
containing 0.5 mM 4-methyllumbelliferyl-B-D-glucopyranoside
(4-MUG). The reaction is terminated by adding 1,250 /£
of 200 mM carbonate-bicarbonate buffer (pH 10.5). After,
the fluorescence intensity of 4-MU (4-methyllumbelliferone)
converted from 4-MUG was measured by spectrofluorimeter
(excitation =360 nm, emission =450 nm) (Hitachi 300, Tokyp,
Japan).

11. Quantitative real-time PCR assay

Total RNA was extracted from cells using TRIzol
System (Invitrogen, Carlsbad, CA, USA) according to the
manufacturer’s instructions. The expression of MMP-1,
MMP-2, MMP-9 mRNA was determined by real-time-PCR
using Applied Biosystems 7500 Real-Time PCR system
(Applied Biosystems, Forster, CA, USA).

The mRNA
cytokines-related genes were quantified via real-time PCR
using a SYBR (Applied Biosystems, Grand Island, NY,
USA) Green Master Mix. The
conditions were as follows: 10 min at 94C, followed by
a total of 45 cycles (15 s at 94C, 60 s at 60C). The
quantity  of transcript the
dehydrogenase

expression level of proinflammatory

real-time PCR cycling

each was normalized to

expression of glyceraldehyde-3-phosphate

Y= -
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Table 2. The primer sequence used for quantitative real-time PCR.

Genes  Probe Sequence
Forward 5-AGCTAGCTCAGGATGACATTGATG-3/
MM everse 5-GCCGATGGGCTGGACAG-3'
Forward 5-CAGGGAATGAGTACTGGGTCTATT-3"
MMP-2 everse 5-ACTCCAGTTAAAGGCAGCATCTAC-3
Forward 5-AATCTCTTCTAGAGACTGGGAAGGAG-3
MMP-9 everse 5-AGCTGATTGACTAAAGTAGCTGGA 3!
Forward 5-TGCCACCAGAAGACTGTGG-3
CAPDH everse 5"AGCTTCCCGTTCAGCTCAGG-3

(GAPDH). The primers used in the experiments are listed
in Table 2.

12. Histopathology

The skin tissues obtained from the mice were fixed,
embedded in paraffin blocks and cut into 5-gm thick
sections. The skin sections were deparaffinized and stained
with hematoxylin and eosin (H&E) (Sigma-Aldrich Co., St.
Louis, MO, USA) and Masson’s Trichrome staining.

13. Statistical analysis

All data are shown as the means+ standard error (S.E.).
The results of the experimental and control groups were
compared for statistical significance (p <0.05) using paired
T-test statistical method by SPSS (IBM SPSS Statistics
Version 19.0 Statistic Software, SPSS, Inc., Chicago, IL,
USA) for Win 12.0 for summary data.

RESULTS AND DISCUSSIONS

1. Cytotoxicity and
expression

suppressive effect of MMP-1

An assessment of cytotoxicity in the HaCaT cell line-
the effect of CGTE on
wrinkles— showed = 80% cell viability under a maximum
concentration of = 400 pg/ml) CGTE,
cytotoxicity (Fig. 2A).

Wrinkles are formed by MMPs that are activated via
different stimuli [i.e. UV light, oxidative stress, and tumor
necrosis factor-o. (TNF-a)] (Steenport et al., 2009). MMP-1
that

collagen; suppressing the activation of MMP-1 is known

to evaluate improving  skin

suggesting  no

is a protein-degrading enzyme specifically affects

to improve elasticity to the skin and prevent wrinkle
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Fig. 2. Effect of CGTE on cell viability and MMP-1

expression by TNF-o. + IFN-y treatment in HaCaT
cells. HaCaT cells were incubated with TNF-o. +
IFN-y (10 ng/mé) in CGTE (10, 50, 100, 200 and
400 pg/m) for 24 h. (A) Cell viability was estimated
by MTT assay, (B) The expression of MMP-1 mRNA
levels in each sample was analyzed by real-time PCR,
(C) The supernatants were collected and subjected to
enzyme-linked immunosorbent assay (ELISA), (D)
The cell lysates were analyzed by Western blotting
with anti-MMP-1 anti-YY-1. Anti-YY-1 was used as a
control. Values are expressed as means + S.E. from
two indegendent experiments (*p < 0.05, **p <
0.01). ###p < 0.001 compared with normal group.

formation (Kondo, 2000).

CGTE-based TNF-a + interferon-gamma (IFN-y) (10 rg/md)
treatment in HaCaT cells resulted in significant suppression
(=40%) of MMP-1 mRNA expression in both 200 and
100 g/ml groups as compared to the control group (Fig.
2B). Furthermore, expression of the MMP-1 protein
increased by = 5-fold the group (33.1+
4.87ng/ml) as compared to the normal group (5.71=+
1.22 ng/ml), but was significantly decreased (by 52.8% and
450%) in CGTE 200 and 100 ug/mé
respectively (Fig. 2C).

in control

concentrations,
Moreover, Western blot results demonstrated that, in
terms of MMP-1 expression, the band density (BD) value
in the control group was 55.3, indicating a = 12-fold
increase compared to 4.5 of the normal group. Meanwhile,
MMP-1 of the group  was
suppressed in CGTE 200, 100, and 50 1g/ml concentrations
by 82.0%, 82.4%, and 43.5%, compared to the control
group (Fig. 2D). These findings suggest that suppressing

expression experimental
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the expression of MMP-1,
improving skin wrinkles.

yields positive effects on

2. Wrinkle measurement in HR-1 mice, and changes
in epithelial tissue thickness and collagen fibers

After emitting UVB onto HR-1 mice, the depth of back
wrinkles was measured at different time points (4, 6, 8§,
and 10 weeks after UVB emission) using a DermoBella
3D skin analyzer (DermoBella, Cabo de Santo Agostinho,
Brazil). UVB emission resulted in remarkably increased
wrinkle group,
compared to the normal group. Meanwhile, the groups
with CGTE 100 and 50mgkg injections exhibited
significantly reduced wrinkle formation and depth compared

formation and depth in the control

to the control group (Fig. 3A).

The back tissues of HR-1 mice were stained using the
hematoxylin and eosin (H&E) staining protocol, and the
thickness of epithelial tissue was measured. Compared to
group, group exhibited 4-fold
thicker epithelial tissue. On the contrary, the groups with
CGTE 100 and 50 mg/kg injections exhibited significantly
reduced epithelial tissue thickness compared to the control
group (Fig. 3B).

Additionally, the changes in collagen fiber were assessed

the normal the control

via Masson’s trichrome staining. The staining intensity in
the control group was decreased, suggesting that collagen
fiber was largely degraded, and wrinkle formation was
accelerated. On the other hand, the groups with CGTE
100 and 50 mg/kg injections exhibited an increased amount
of collagen fiber compared to the control group,

suggesting the recovery was caused by CGTE (Fig. 3C).

3. Effects on retaining skin moisture

The loss of water content in the epidermis is an index
used to evaluate the integrity of the skin barrier, including
its overall function, after damage, and its
such as UV light. The

Transepidermal Water Loss (TEWL) score, therefore, can be

recovery
protective role against stimuli
used to evaluate the moisture-retaining function of the skin
and the presence of damage to the skin barrier (Berardesca
and Maibach, 1990; Levin and Maibach, 2005).

Human skin is constantly exposed to various external
factors including UV exposure, which promotes wrinkle
1995).

addition, it induces skin dryness from the loss of water

formation and pigmentation (Imokawa et al., In
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content due to the destruction of the skin layer structure
caused by reduced levels of ceramide. In order to prevent
the loss of ceramide, use of sunscreen (UV blocker) and
consumption of functional foods or medication are
becoming more common.

Furthermore, society has demonstrated a growing interest
in dietary habits (i.e. consumption of specific nutrients or
foods) to promote ceramide production and prevent skin
damage (Boelsma et al., 2001).

In order to assess the effect of CGTE and

moisturizing effect against skin dryness induced by UVB

its  skin

emission, TEWL and the activity of B-glucosidase-which is
an enzyme related to ceramide-has been evaluated. TEWL
in the control group significantly increased compared to
the normal group, while the groups with CGTE 100 and
50 mg/kg injections exhibited significantly reduced TEWL
compared to the control group (Fig. 4A).
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Assessment of f-glucosidase activity showed that the
control group exhibited significantly reduced activity of pB-
group, the
activity significantly increased in the groups with CGTE 100

glucosidase compared to the normal while

and 50 mg/kg injections compared to the control group (Fig.
4B). These outcomes indicate that consumption of CGTE
(and consequent prevention of TEWL and suppression of
ceramide reduction) can contribute to the improvement of
damage to the skin barrier function induced by UVB.

skin MMP-9

4, effects on

expression

Suppressive MMP-2,

Deficiency of collagen, which is the key ingredient of
the dermis, due to aging is a root cause of wrinkle
formation, and photoaged skin exhibits wrinkle formation
due to increased expression of MMPs (i.e. MMP-1, -2,
Measurement  of

and -9) which break down collagen.

50

CGTE mg/kg

UvVB

Fig. 3.

Effect of CGTE on UVB-induced skin wrinkles, epidermal thickening, and

histological changes. (A) The skin wrinkle depths of hairless mice were measured at
4, 6, 8, and 10 weeks of UVB radiation, (B) Hematoxylin and eosin (H&E) staining
and (C)Masson’s Trichrome (M-T) staining of UVB-irradiated hairless mice skin.
Original magnification 100x. a; HR-1 normal, b; UVB-control, ¢; UVB-retinoic acid
0.01%, d; UVB-CGTE 100 mg/kg, e; UVB-CGTE 50 mg/kg. Values are means + S.E.
for 3 mice. Significantly different from UVB/vehicle control treatment (*p < 0.05,
*p < 0.01, ***p < 0.001). *p < 0.05, **p < 0.01, **#p < 0.001 compared

with normal group.

148



TEWL (g/hr-m?)
L I

CT retinoic acid 100 50
CGTE_mg/kg
uve

Nr Nr CT retinoic acid 100 50

CGTE mg/kg
uve

Fig. 4. Effect of CGTE on the UVB-induced skin barrier
function perturbation. (A) TEWL and (B) -
Elucosidase was measured as a marker of the skin

arrier function. Values are expressed as means =+ S.E.
from two independent experiments (**p < 0.01,
###%p < 0.001). #*#p < 0.001 compared with normal

group.

A)

MMP-2 mRNA
MMP-9 mRNA

Nr

CT retinoic acid 100 50
CGTE mg/kg
uvB

50
CGTE mg/kg
uvB

Nr

CT retinoic acid 100

Fig. 5. Effect of CGTE on MMP-2 and MMP-9 mRNA
expression in animal skin exposed to UVB. After 10
weeks of UVB radiation the expression of MMP-2 (A)
and MMP-9 (B) mRNA levels in each sample was
analyzed by real-time PCR. Values are expressed as
means=S.E. from two independent experiments (*p
<0.05, **p <0.01). *p <0.05 compared with
normal group.

MMP-2 and MMP-9 mRNA from isolated back tissue of
showed that the expression of MMP-2 mRNA
significantly increased in the control group compared to

mice

the normal group, but significantly decreased in the group
with  CGTE 100 mg/kg injection compared to the control
group (Fig. 5A).

Similarly, the expression of MMP-9 mRNA significantly
increased in the control group compared to the normal
group, but significantly decreased with

CGTE 100 and 50 mgkg
control group (Fig. 5B).

in the groups

injection compared to the
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