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UV exposure of the skin, particularly UVB (290-320 nm),
causes adverse biological effects, including alterations in
cutaneous immune cells, photoaging and photocarcino-
genesis. Several studies have shown that polyphenolic
compounds isolated from green tea afford protection
against UVB-induced inflammatory responses and photo-
carcinogenesis in murine models. In this study we show
that topical application of (—)-epigallocatechin-3-gallate
(EGCG) (3 mg/mouse), a major polyphenolic component
of green tea, before a single low dose UVB exposure
(72 mJ/cn?) to C3H/HeN mice prevented UVB-induced
inhibition of the contact hypersensitivity response and
tolerance induction to the contact sensitizer 2,4-dinitro-
fluorobenzene. Topical application of EGCG before UVB
exposure reduced the number of CD11H monocytes/
macrophages and neutrophils infiltrating into skin inflam-
matory lesions, which are considered to be responsible
for creating the UV-induced immunosuppressive state.
In addition, application of EGCG before UVB exposure
decreased UVB-induced production of the immunomodula-
tory cytokine interleukin (IL)-10 in skin as well as in
draining lymph nodes (DLN), whereas production of IL-
12, which is considered to be a mediator and adjuvant for
induction of contact sensitivity, was found to be markedly
increased in DLN when compared with UVB alone-exposed
mice. Taken together, our data demonstrate that EGCG
protects against UVB-induced immunosuppression and
tolerance induction by: (i) blocking UVB-induced infiltra-
tion of CD11b+ cells into the skin; (ii) reducing IL-10
production in skin as well as in DLN; (iii) markedly
increasing IL-12 production in DLN. Protection against
UVB-induced immunosuppression by EGCG may be associ-
ated with protection against UVB-induced photocarcino-
genesis.

Introduction
UV radiation, particularly UVB (290-320 nm) within the solar

important role in the generation and maintenance of UV-
induced neoplasms (6). Studies with biopsy-proven skin cancer
patients have indicated that UV-induced immunosuppression
is a risk factor for skin cancer development in humans (7).
UV irradiation can induce immunosuppression to a contact
sensitizer through different mechanisms that operate primarily
by influencing the type or function of the cells presenting the
antigen stimulus. Single low dose UV exposure of the skin
drastically reduces the number of epidermal Langerhans cells
and application of haptens to the cutaneous areas depleted of
Langerhans cells by UV results in an absence of contact
hypersensitivity (CHS) (8). UV irradiation drastically reduces
the number of Langerhans cells (8-10) either by induced
migration (11,12) or by cell death (13).

Exposure of murine skin to low doses of UVB radiation
before sensitization with hapten reduces the ability of antigen-
presenting cells (APC) in the draining lymph nodes (DLN) to
initiate CHS responses vivo and results in the induction of
hapten-specific suppressor T cells (14). DLN cells produce
less Thl- and Th2-associated cytokines in response to APC
from UV-irradiated mice compared with APC from unirradi-
ated, fluorescein-sensitized mice (15). Because UVB is almost
completely absorbed within the epidermis and cannot directly
affect cells outside the irradiated layer, one potential mechan-
ism for UV-induced inhibition of CHS involves the release of
immunomodulatory cytokines by epidermal cells (16). The
primary role of the cytokine interleukin (IL)-10, produced by
keratinocytes, has been suggested to be to mediate UV-induced
systemic immunosuppression (17). Intraperitoneal injection of
IL-10 into mice has been shown to suppress the effector phase,
but not the induction phase, of CHS and also the induction
phase of delayed type hypersensitivity (18). However, it has
also been suggested that the systemic suppression of CHS is
not mediated by IL-10 (19). Further, i.p. injection of neutraliz-
ing anti-IL-10 antibody prevents UV-induced tolerance in
mice (20).

IL-12 protein is composed of two disulfide bonded chains,
p40 and p35 (21,22), thus making it heterodimeric in nature.
Only the 70 kDa dimer shows biological activity, whereas
neither chain alone is bioreactive, although a possible inhibitory
function of the IL-12 p40 chain homodimer has been identified
(23). An important role of IL-12 has been demonstrated in the
induction and elicitation of the contact sensitization reaction
(24). It has been shown that IL-12 is produced in regional
lymphatic organs and the spleen following the application of
allergen (24). Injection of anti-IL-12 mAb before allergen

a co-carcinogen (4,5). These UV-induced alterations play a9 the important adjuvant function of this cytokine (24,25).

Abbreviations: APC, antigen-presenting cell; CHS, contact hypersensitivity;

DAB, diaminobenzidine; DLN, draining lymph node; DNFB, 2,4-dinitro-

Intraperitoneal injection of murine rIL-12 prevents UV-induced
local immunosuppression and overcomes UV-induced hapten-
specific tolerance (26).

fluorobenzene: EGCG, (-)-epigallocatechin-3-gallate; FBS, fetal bovine serum; NE€Xt to water, tea is the most popular beverage consumed

IL, interleukin.
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world wide. In prior studies we showed that topical application
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OH UVB irradiation

OH Forty-eight hours before UVB exposure, mice were shaved with electric
clippers and Nair depilatory lotion was applied for 120-180 s. The period of
H O. Nair treatment remained constant in each group of animals as well as in each
- OH OH set of experiments. The non-UVB-exposed group of mice were also shaved
.. and depilatory lotion was applied for the same time period to maintain the
"'O C OH same treatment protocol. UVB irradiation was performed as described earlier
(34). Briefly, the razor shaved and chemically depilated dorsal skin was
" exposed to UV irradiation from a band of six FS-40 fluorescent lamps from
OH which UVB and UVC wavelengths not normally present in natural solar
radiation were filtered out using Kodacel cellulose film (35). After filtration
with a Kodacel film, the majority of the resulting wavelengths of UV radiation
(-)-Epigallocatechin-3-gallate were in the UVB range (290-320 nm). Groups of mice were anesthetized by
ketamine hydrochloride injection (Parke-Davis, Morris Plains, NJ) before
Fig. 1. Chemical structure of (-)-epigallocatechin-3-gallate, a green tea ~ UVB exposure to immobilize them so that a uniform and complete UVB dose
polyphenol. could be delivered to the dorsal skin of the mice. UVB emission was monitored
with an IL-443 phototherapy radiometer (International Light, Newburyport,
MA) equipped with an IL SED 240 detector fitted with a W side angle quartz
of a polyphenolic fraction isolated from green tea before andiiffuser and a SC5 280 filter. A dose of 72 mJfchiVB was delivered on
after UV (2 k\]/rﬁ) irradiation to C3H/HeN mouse skin the skin surface of each mouse. To maintain a similar treatment protocol and
protects against UV-induced immunosuppression (27)_ Thiﬁﬁe‘:ts’ non-UVB-exposed control groups of mice were also treated with

- . . . . . . Nair depilatory lotion and anesthetized with the same dose of ketamine
polyphenolic fraction is a mixture of four main epicatechin o chiorige.

derivatiVe§, i.e. (—)-epigallpcatechin-3-'gallate (EGC_G‘), (_)j All immunohistochemical analyses and ELISA assays were performed at
epicatechin gallate, (-)-epigallocatechin and (-)-epicatechins h after UVB irradiation of the mouse skin. This particular time point was
(28). EGCG, present in green tea, is the major and the moghosen because the various end-points peaked at this time.
effective constituent among other polyphenolic constituents iuvB induction of immunosuppression and tolerance induction
affording protection against UV-induced carcinogenic andcaH/HeN mice were sensitized with DNFB by topical application ofj25
inflammatory effects (28,29). The chemical structure of EGCGof 0.5% DNFB in acetone:olive oil (4:1 v/v) onto the shaved, chemically
is shown in Figure 1. Oral feeding of green tea extract as gepilated dorsal skin of either control mice (non-UVB-exposed), mice topically
oL R ; ; eated with EGCG (3 mg/mouse/2Q0 acetone) alone 48 h before, mice
sole source of drlnklng WaFer to SKH 1 hairless mIC_e has als%ﬁposed to UVB alone 48 h before or mice treated with EGCG (3 mg/mouse/
been ShOV_Vn to protect against UV—mduced_suppressm_)n of CH&o i acetone) plus UVB exposure 48 h before. The dorsal surface of the
(30). Earlier, we have shown that blocking of UV-induced right ear was then challenged with 20 of 0.2% DNFB in acetone:olive oil
infiltrating leukocytes using anti-CD11b antibody (specific for (4:1 viv) 5 days later. Twenty-four hours after challenge, ear skin thickness
monocytes/macrophages and neutrophils) or murine-speciﬂﬁas measured using an engineer’s micrometer (Mitutoyo, Tokyo, Japan) and

. ompared with ear skin thickness just before the challenge. The degree of
soluble Complement receptor type | reversed UV-induce olerance was determined by resensitizing the mice on razor shaved non-

immunOSUppreS_Sion _anf_j tOleranC_e induction (31732_) !n m_iCQJVB-exposed abdominal wall skin with DNFB 48 h after the primary
These observations indicate the important role of infiltratingchallenge. Five days after the secondary sensitization, mice were rechallenged

leukocytes in UV-induced immunosuppression and toleranciith DNFB on the dorsal skin of the left ear. Ear swelling was measured
induction immediately before and 24 h after rechallenge. Mice that received the same

In th t stud h d inale | d UV ose of DNFB but were not UVB irradiated served as a positive control,

n the present study we have used a sing e. ow pse hereas the negative control mice were only ear challenged and received a

(72 mJ/cnd) exposure to C3H/HeN mouse skin. This UVB sham irradiation procedure (shaving, chemical depilation, application of

dose has previously been demonstrated to cause unrespomshicle, anesthesia and restraint, but without UVB irradiation).

iveness and t(.)l_eran.ce to _2,4-dinitrof|uor0benzene (_DNFB):repar;mon of epidermal cell suspension

when the_ sensn_lzer IS applled to th? UVB-exposed site, buEpidermaI cell suspensions from control, UVB-exposed or EGE®VB-

not to a distant site (33). The aim of this study was to determin@eated mice were prepared as described previously (31). Briefly, after removal

whether topical application of EGCG (3 mg/mouse) beforeof subcutaneous tissue, the skin was incubated in 0.25% trypsin (Sigma

UVB exposure will reverse UVB-induced tolerance induction Chemical ng-) for 63 min at”37°c- The epidermis was Sep?rated f“;]m thel
. - . . . ermis and dispersed into cell suspension in 0.025% DNase (Sigma Chemical

and t_O determine the meChamsmS involved in prevention 0go.) in HBSS containing 10% heat-inactivated fetal bovine serum (FBS). The

pVB-lnduced suppression Of the CHS response and tolerangg)’ suspension was filtered through Fén nylon mesh (Tetko, Elmsford,

induction to a contact sensitizer by EGCG. NY) to obtain a single cell epidermal cell suspension.

Preparation of dermal cell suspension

Materials and methods Dermal cell suspensions from control, UVB-exposed or EGEGUVB-
Animals treated mice were prepared as described previously (31). Briefly, skin was

Pathogen-free (MTV—) female C3H/HeN mice were purchased from HarlarP!aced ri]nto a solution of dispase (COI(;afborati\r/]e Rezearch, Bzdford, ll\llA)d
; ; ; ; ight at 4°C. Dermis was separated from the epidermis and was place

Sprague-Dawley (Indianapolis, IN). Mice were housed in a pathogen-fre@VEmight at 4 :

barrier facility in accordance with current US Department of Agriculture and/nto a _dlgestlon buffer of RP.MI 1640_(G|bco BRL, Grand Islaond, NY)

Department of Health and Human Services regulations and standards. Mi&ontaining 10 mM HEPES (Irvine Scientific, Santa Ana, CA), 0.01% DNase,

were kept four per cage and were acclimatized for 3-4 days before usd:000 U/ml of hyaluronidase and collagenase (Sigma Chemical Co.) and
subject to a 12 h light/12 h dark cycle. digested at 37°C for 1 h. The digested dermal suspension was filtered through

a 50um nylon mesh to obtain a single cell suspension.

OH

Antibodies and reagents ) i

Monoclonal antibodies to mouse IL-10 (rat IgG2b, clone JES5-16E3), IL-12Preparation of lymph node cell suspension

(rat 1IgG1, clone C15.6) and CD11b were purchased from PharMingen (Satnguinal lymph nodes were removed aseptically from UVB-exposed or
Diego, CA). DNFB was purchased from Sigma Chemical Co. (St Louis, MO).EGCG + UVB-treated mice. Lymph nodes from non-UVB-exposed mice
Cytoscreen US™ mouse IL-10 and IL-12 ELISA kits were purchased fromserved as the control. The single cell suspensions were prepared by placing
Biosource International (Camarillo, CA). Purified EGCG (99% pure) wasthe lymph nodes in HBSS buffer containing 5% FBS. Connective tissues were
obtained as a gift from Dr Yukihiko Hara (Mitsui Norin Co., Shizuoka, Japan).teased out using fine sterile scissors to obtain lymph node cells from the
In all the experiments conducted in this study, EGCG was topically appliedymph node capsule. The cell suspension was filtered throughparbylon

to the mouse skin 20 min before UVB exposure. mesh. The cells were washed three times in HBSS containing 5% FBS.
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Primary Sensitization Secondary Sensitization
EGCG UVB DNFB Challeng Rechall

Immunohistochemical detection of CDHlzells in the skin

Immunostaining of CD11b was used as a cell surface marker of monocytes/
macrophages and neutrophils. For immunostaining of CB1tblls, 6 um

thick sections of frozen skin were employed. After blocking non-specific — —
staining using normal goat serum, sections were incubated with either rat

anti-mouse CD11b antibody (Pharmingen) or RIgG2b isotype control. After *

washing in Tris—HCI buffer, pH 7.5, sections were incubated with biotinylated ~— —

rabbit anti-rat 1IgG (Vector) and thereafter with peroxidase-labeled streptavidin.

After washing in buffer, sections were incubated with diaminobenzidine + : . " : n ;

(DAB) substrate solution (Kirkegaard & Perry, Gaithersburg, MD) and o 2 4« 6 ge 2 4 6 8
counterstained with methyl green. A Ear Skin Thickness (102 mm) + SEM
Immunohistochemical detection of intracellular cytokines IL-10 and IL-12 in Fig. 2. Skin treatment with EGCG before UVB exposure reverses
frozen sections UVB-induced immunosuppression. (Left) The ear swelling response to

Six micron sections of frozen skin or DLN obtained from UVB-irradiated or primary sensitization through UVB-irradiated dorsal skin and challenge to
EGCG + UVB-irradiated groups, as well as control mice (non-UVB- the right ear. (Right) The response to secondary sensitization through
irradiated and EGCG alone-treated groups of mice) were fixed in ice-colchormal non-UVB-irradiated abdominal skin and rechallenge to the left ear.
paraformaldehyde (4%) and immunostaining was performed as describedVB-exposed mice were unable to be sensitized, either through the

earlier (36) with some modifications. Briefly, endogenous peroxidase wasJVB-exposed site (left, fourth bar from the top) or through normal,

blocked with HBSS containing 0.1% saponin, 0.2 M sodium azide and 0.5%0n-UVB-exposed abdominal skin after the primary sensitization through
H,0,. For IL-10 and IL-12 cytokine staining, rat monoclonal anti-mouse IL- UVB-exposed skin (tolerance, right, fourth bar from the top). However,

10 or IL-12 antibodies were diluted in HBSS 0.1% saponin and incubated EGCG treatment before UVB exposure showed the ability to develop a

in a moist chamber at room temperature for 30 min. After washing in HBSS CHS response (left, fifth bar from the top) concomitant with partial reversal
0.1% saponin, sections were incubated for 30 min in biotinylated rabbit antiof tolerance induction (right, fifth bar from the top). Data are expressed as
rat IgG (Vector) in HBSS+ 0.1% saponin. After washing, sections were means* SEM change in ear skin thickness between pre-challenge and 24 h
incubated with a solution of Vectastain Elite ABC (horseradish peroxidasepost-challenge measurements. Similar results were obtained in two repeat
for 30 min. Vectastain Elite ABC solution was prepared according to theexperiments. The details are provided in Materials and methods.
manufacturer’s directions. After washing in HBSS alone, sections were

incubated with DAB substrate solution (Kirkegaard & Perry) and counter-

stained with methyl green. Skin treatment with EGCG before UVB exposure reduces both

_Images from immunostaining were obtgined using a Zeiss Axiopho_tthe numbers of infiltrating CD11b cells and damage to the
microscope and Kodak Ektachrome 160T film. These were scanned (Sp”rgJVB-irradiated epidermis

Scan; Polaroid) and formatted as tiff images in Adobe Photoshop 3.0 an ) . L L .
Microsoft Powerpoint in order to make the composite figures. Forty-eight hours after UVB irradiation of the skin, infiltrating

Measurement of cytokines IL-10 and IL-12 by ELISA leukocytes  (predominately ~monocytes/macrophages and

Single cell suspensions obtained either from epidermis, dermis or DLN wer@emmph'ls) were present in hlgher numbers in the skin,

incubated at 37°C for 24 h in RPMI 1640 containing 10% FBS. Cells wereParticularly in the dermis (Figure 3, middle), compared with
centrifuged and supernatants were collected and filtered through gn®.2  control, non-UVB-exposed skin (Figure 3, left). It has been

E«illlglgsg acetate Imtembr;’:}ne Ifiltcer to ?Ieteéﬂinfe”lb_m ?': IL-12 ?m:ein byshown that leukocytes (monocytes/macrophages and neutro-
losource International, Camarilio, ollowin e manufacturer’s H infi H H i i i HY
directio(ns. The sensitivity of the mouse IL-10 ?ELISA Wgﬁ).Z pg/ml, while phlls) In.f”tratmg _|nto UV-Irradlateq skin play a lec.al r0|e.
that of IL-12 was<2 pg/ml. in UVB-induced immunosuppression and tolerance induction
(31,37). In our present study we found that application of
, L EGCG before UVB exposure significantly reduced the number
Student'st-test was employed to determine statistical significance betweerbf infiltrating leukocytes into the skin (Figure 3, right), when
treated and untreated groups. . . L -
compared with UVB alone-exposed skin (Figure 3, middle).
Further, immunostaining of CD11b was used to determine
Results whether skin application of EGCG was able to reduce the
number of infiltrating leukocytes induced by UVB exposure.
: . : fh control skin, monocytes/macrophages and neutrophils are
UVB-induced immunosuppression clearly stained with the anti-CD11b antibody (Figure 3). Forty-
Skin treatment with EGCG on non-UVB-exposed, controleight hours after UVB exposure the numbers of CD#Idells
mice did not affect the ability of the mice to generate a contactvere markedly increased in comparison with control, non-
sensitivity response to DNFB (Figure 2, third bar from the UVB-exposed skin. Treatment with EGCG before UVB expo-
top) compared with DNFB-treatment alone (positive control,sure significantly reduced the number of UVB-induced
second bar from the top). Mice with UVB exposure aloneCD11b+ cells in the skin (Figure 3), whereas application of
were unable to be sensitized, either through the UVB-exposeBEGCG alone to the mouse skin did not seem to alter the
site (Figure 2, left, fourth bar from the top) or through constitutive pattern of the cells when compared with the normal
normal, non-UVB-exposed abdominal skin after the primaryskin of the mice and also did not induce infiltration (data not
sensitization through UVB-exposed skin (tolerance, Figure 2shown). The CD11# cells in different treatment groups were
right, fourth bar from the top). However, skin treatment with counted at random using an ocular micrometer grid under a
EGCG before UVB exposure showed the ability of the miceZeiss Axiophot microscope with 2060 magnification corres-
to develop a contact sensitivity response (Figure 2, left, fifthponding to a 0.0625 mfrarea. These CD1Hbcells accounted
bar from the top) concomitant with partial prevention offor 12 = 4, 28 = 5 and 17 = 5 cells, respectively, in
tolerance induction (Figure 2, right, fifth bar from the top). interfollicular regions of the dermis of the control (Figure 3,
Thus, skin treatment with EGCG of non-UVB-irradiated mice left), UVB-exposed (Figure 3, middle) and EGC& UVB-
does not interfere with the capability of the mice to generatdreated (Figure 3, right) mouse skin. Thus treatment with
a contact sensitivity response, but does restore the ability #GCG before UVB exposure of the skin resulted in a 69%
UVB-irradiated mice to induce a primary contact sensitivity (P < 0.001) reduction in UVB-induced infiltration of CD11b
response as well as partially blocking tolerance induction. cells. After 48 h UVB irradiation a fraction of these CD1ib

2119

Statistical analysis



S.K.Katiyar et al.

CONTROL UvB

& g
L o
:1 iVow + - s .-';:.‘.
TP % Tkl
ol h-
- . ]
“u-td;_. \.'. 8 _._":-*I
¥ Ty * N |

..u ||' i 1
IN' LS ﬁ$‘ . .‘

Fig. 3. Immunohistochemical detection of CD1tkcells in mouse skin. Six micron thick frozen skin sections were stained with rat anti-mouse CD11b
monoclonal antibody after fixation in cold acetone. Endogenous peroxidase was blocked with 0.5% hydrogen peroxide in Tris—HCI buffer. Biatbijtated
anti-rat IgG was used as a secondary antibody; thereafter sections were incubated with peroxidase-labeled streptavidin. Immunostaining c#li€xL1b
shown in brown and is representative of three independent experiments. Magnifie20n

Fig. 4. (A) Immunohistochemical detection of IL-#0cells in mouse skin. Six micron thick frozen skin sections were fixed in cold 4% paraformaldehyde.
For immunohistochemical detection of IL-10-producing cells intracellular staining was performed using rat anti-mouse IL-10 monoclonal whiitfodsas
diluted in HBSS buffer containing 0.1% saponin. After washing, sections were incubated in biotinylated rabbit anti-rat IgG and subsequeretigdisiors
peroxidase Vectastain Elite ABC reagent solution. Immunostaining of H-&élls is shown in brown. The immunostaining shown is representative of three
independent experiments. Magnificatia00. B) Immunohistochemical detection of IL-#0cells in DLNs of mice. Six micron thick frozen lymph node
sections were fixed in cold 4% paraformaldehyde. For immunohistochemical detection of IL-10-producing cells intracellular staining was pesifaymatd
anti-mouse IL-10 monoclonal antibody, which was diluted in HBSS buffer containing 0.1% saponin. After washing, sections were incubatedateHiotinyl
rabbit anti-rat IgG and subsequently in horseradish peroxidase Vectastain Elite ABC reagent solution. Immunostaining-oddlls1i8 shown in brown.

The immunostaining shown is representative of three independent experiments. Magnific&®i@n(C) Immunohistochemical detection of IL-32cells in
DLNs of mice. Six micron thick frozen lymph node sections were fixed in cold 4% paraformaldehyde. For immunohistochemical detection of IL-12-
producing cells intracellular staining was performed using rat anti-mouse IL-12 monoclonal antibody, which was diluted in HBSS buffer corit#ning 0
saponin. After washing, sections were incubated in biotinylated rabbit anti-rat IgG and subsequently in horseradish peroxidase Vectadi@nr&dger
solution. Immunostaining of IL-12 cells is shown in brown. The immunostaining shown is representative of three independent experiments. Magnification
X400.
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cells were able to reach the upper part of the epidermis, as

80

shown in Figure 3 (middle). In the UVB-irradiated skin B i10inEC
N 10inpC

(Figures 3 and 4A), disruption appears as damage to the
epidermis and loss of normal keratinocyte stratification. This
suggests the possibility that infiltrating leukocytes are causing
a secondary injury to the UVB-exposed epidermis that results
in keratinocyte disassociation and a breakdown in the structure
of the UVB-exposed epidermis. EGCG treatment before UVB
exposure appears to protect against UVB-induced damage to
the epidermis.

Skin treatment with EGCG before UVB exposure reduces the
number of UVB-induced IL-10-producing cells and IL-10
protein production in skin CONTROL UVB  EGCG+UVB

Intracellular immunostaining of IL-10 showed that UVB expo-
sure induces IL-10-producing cells in mouse skin (Figure 4A),
but treatment with EGCG before UVB exposure resulted in 100
decreased numbers of IL-10-producing cells both in epidermis
and dermis. Most of the IL-18 cells, which appeared to be
infiltrating leukocytes, were observed in the lower part of the
papillary dermis, but a few IL-18 cells were also observed
in the epidermis, which appeared to be infiltrating cells
following UVB exposure. A few IL-16- cells were also noted
in the dermis of control skin (Figure 4A). IL-10 protein
quantitation by ELISA (pg/million cells) also confirms that
UVB exposure stimulates IL-10 protein synthesis in epidermal
and dermal cells (Figure 5A). Skin treatment with EGCG
before UVB exposure resulted in 87 and 83t 3, P < 0
0.005) reductions in IL-10 protein concentration in epidermal CONTROL ~ UVB  EGCGHUVB
and dermal Ce”% reSPGCUVe'y' In comparison W!th UVB alonefig. 5. (a) Quantitative determination of IL-10 protein in epidermal cells
The decrease in UVB-induced IL-10-producing cells and(EC) and dermal cells (DC) of mouse skin by ELISA. Quantitative
protein production in both epidermal and dermal cells by EGC@stimation of IL-10 protein was performed using ELISA in supernatants of
may be associated with blocking of infiltrating leukocytes aftersing'e Cle” suspensions from eP.'dem;'S a”g dermis. De(}a"s. are provided in g
ith EGCG alone on the dorsal;/latena's'an methods. Quantities of IL-10 protein production are expresse
U\_/B exposur_e. Treatment wit g s pg/million cells and represent meahsSEM. n = 3 repeated
skin of the mice does not appear to increase or decrease thgperiments on four mice (total 16 inguinal lymph nodes per group) in each
number of IL-10+ cells (data not shown)_ Thus, it appears group per experiment. *Highly significant reduction in IL-10 versus UVB
that infiltrating leukocytes are the major source of IL-102/one,P < %3%5- B”) Q‘f‘a”.t“atli)"eEdﬁtsegmiQ”a“O”. of IL-10 and IL-12 110
: . . . . . proteins in cells or mice oy . Quantitative estimations o -
productlon n UVB-expos_ed skin. Itis also evident from_ Flgur_eand IL-12 proteins were performed by ELISA in supernatants of a single
4A_ that exposure of skin to UVB damages the ep|derm|scell suspension from DLN. Details are provided in Materials and methods.
while application of EGCG protects against UVB-induced Quantities of IL-10 and IL-12 proteins are expressed as pg/million cells and
damage as well as maintaining the structure of the epidermigepresent means SEM.n = 3 repeated experiments on four mice (total 16
Because of this, the thickness of UVB-exposed mouse skiff9uinal lymph nodes per group) in each group per experiment. *Highly
. ) | hi h significant reduction in IL-10 protein production versus UVB exposure
(Flgure 4A, m'dd_e) appears thinner than EGC& UVB- alone,P < 0.005. **Highly significant increase in IL-12 protein production
treated mouse skin. versus UVB exposure alon®, < 0.0005.

Skin treatment with EGCG before UVB exposure reduces the

number of UVB-induced IL-10-producing cells and IL-10 i )
protein production in DLN exposure results in reduced numbers of IL+10ells (Figure
Lymph nodes are an important part of the immune syste 4B) as well as decreased IL-10 protein production in DLN

because they provide the cellular scaffolding necessary fo IO% reduct|odn,n o 3FP < 0'?305) as compared with UVB
interactions of immune cells. After skin exposure to UVB, aqne-expose mlce( igure 5B). .

APC migrate to regional lymph nodes and activate T cells toSkin treatment with EGCG before UVB exposure increases the
stimulate immune responses. Immunohistochemical stainingumber of IL-12-producing cells and IL-12 protein production
showed that UVB exposure of skin increases the number oft DLN

IL-10-producing cells in the DLN, in an area ranging from As is evident from immunostaining, skin exposure to UVB
the subcapsular sinus to the paracortical region of the lympimduces IL-12- cells in the DLN (Figure 4C). Skin treatment
nodes, including interfollicular areas, which are specific sitesvith EGCG before UVB exposure further increases the number
of T cell localization (Figure 4B). DLN cells from untreated of IL-12+ cells in DLN in comparison with UVB alone-
mice (control) do not produce IL-10, as evidenced by theexposed mice (Figure 4C). Quantitation of IL-12 protein using
absence of IL-10 immunostaining (Figure 4B) as well as IL-ELISA indicates that skin exposure to UVB results in increased
10 protein quantitation by ELISA (Figure 5B). DLN cells from production of IL-12 in DLN (28 pg/million cells) and skin
EGCG alone-treated mice also do not show the presence tfeatment with EGCG before UVB exposure further markedly
IL-10 immunostaining as well as IL-10 protein by ELISA increases IL-12 protein production (89 pg/million cells) in
(data not shown). Skin treatment with EGCG before UVBDLN, as shown in Figure 5B. Thus, EGCG application before
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UVB exposure induced a 4-fold increase in IL-12 production We feel that in the skin the major IL-10-producing cells
in comparison with increased production of IL-12 by UVB may not be the constitutive APC but infiltrating leukocytes
alone. Unlike IL-10, IL-12 protein was detectable (7 pg/million (Figure 4A). A number of studies are available showing the
cells) in control DLN cells. Similar to the control group of mice, immunomodulatory effects of IL-10n vitro. They provide

in the EGCG only treatment group, IL-12 immunostaining wasconvincing evidence that IL-10 inhibits antigen presentation
not detectable but IL-12 protein was detectable by ELISA in(41,42) and secretion of cytokines by macrophages (43,44).
DLN (data not shown). It is important to mention that we Some reports are available showing thevivo effects of IL-
were not able to detect IL-12 cells in skin biopsies of any 10 in T cell-mediated reactions, such as i.p. administration of
of the treatment groups using immunohistochemistry. ThidL-10 to mice inhibiting their ability to be sensitized to
information is consistent with the current knowledge of IL-12 trinitrophenyl-coupled spleen cells for a delayed type hyper-
in the skin (38). sensitivity response (18). These investigators showed that i.p.

Induced production of IL-12 in DLN after UVB exposure injection of IL-10 into sensitized mice 24 h before challenge
of the skin may be due to cellular migration from the skin toresulted in a significant suppression of the ear swelling
DLN. In the case of EGCG treatment before UVB exposureresponse, suggesting that IL-10 is able to block the effector
a marked increase in IL-12 was observed in comparison witlphase, but not the induction phase, of CHSvivo. Further,
UVB alone. It appears that EGCG application prevents cellulandministration of neutralizing antibodies to IL-10 largely, but
damage or cell death caused by UVB exposure of the skimot totally, inhibited the ability of UV irradiation to suppress
therefore, the number of cells migrating from the skin to DLN sensitization to alloantigens (19). Intraperitoneal injection of
may be higher in EGCG- UVB-exposed skin in comparison anti-IL-10 antibody into mice prevented UV-induced tolerance
with UVB alone-exposed skin. Thus, our data indicate thainduction (20). In agreement with these observations, our data
skin treatment with EGCG before UVB exposure reduceslemonstrate that skin treatment with EGCG before UVB
UVB-induced IL-10 (Figures 4B and 5B) while increasing IL- exposure results in a decreased amount of IL-10 production
12 production in DLN in comparison with UVB alone (Figures in skin as well as in DLN, suggesting a possible mechanism
4C and 5B). by which EGCG prevents UVB-induced immunosuppression
in mice.

In UV-exposed epidermis, the number of IL-10-producing
cells (Figure 4A) and its production (Figure 5A) are higher
Our CHS data clearly demonstrate that skin treatment witlthan in normal and EGCG- UVB-treated skin. The higher
EGCG before a single low dose UVB exposure to C3H/HeNproduction of IL-10 in epidermis may send a tolerizing signal
mice almost completely prevents UVB-induced immuno-to epidermal Langerhans cells (45). Skin treatment with EGCG
suppression and partially blocks tolerance induction. Thesignificantly reduces the number of IL-10-producing cells and
mechanisms involved in immunosuppression induced by U\ts production in epidermis (Figures 4A and 5A), suggesting
exposure differ greatly. There are several views to describe a possible mechanism of protection against UVB-induced
crucial in vivo role for IL-12 in the induction of a CHS tolerance induction. Moreover, EGCG shows a peak of absorp-
response. CHS appears to be a Th1l-mediated immune resporigm spectra at near 270-275 nm in UV range. It may be
(39) and Langerhans cells, critical APC in the induction phaseossible that EGCG functions as a sunscreen for certain UV
of CHS (8), were described as an additional source of IL-12radiation wavelengths, thus protecting the antigen-presenting
The concept of sensitization is that haptens, when applied toapacity of skin APC against UV irradiation and, eventually,
the skin, bind to peptides attached to the MHC molecules omprotecting against UV-induced immunosuppression.
epidermal Langerhans cells as the APC of the epidermis (40). IL-12 regulates the growth and function of T cells (22) and,
These cells migrate to the regional DLN to initiate sensitizationespecially, the development of Thl-type cells by stimulating
Therefore, we were interested to determine whether UVihe production of IFNy (46—48). It has been demonstrated
induced immune suppression and tolerance induction resultbat i.p. injection of rlL-12 prevents UV-induced immuno-
through infiltrating CD11b- cells and up-regulation of IL-10 suppression (25) and overcomes UV-induced hapten-specific
production and/or down-regulation of IL-12. Another point of tolerance (26). Furthermore, tolerance of contact sensitization
interest was to determine whether topical application of EGCGvas induced by IL-10 administration in the induction phase,
before UVB injury results in blocking of infiltrating CD13b  suggesting a role of Th2-type cytokines in contact sensitization
cells, down-regulating IL-10 and up-regulating IL-12 in skin tolerance (49). These studies imply that a cytokine imbalance
and/or DLN, thereby preventing UV-induced immunosuppresbetween Thl versus Th2 cells may be responsible for develop-
sion and tolerance induction. ment of UVB-induced tolerance in contact sensitization and

Skin treatment with EGCG does prevent UVB-inducedthat IL-12 could prevent the induction of tolerance by antagon-
immunosuppression and tolerance induction and this preventioaing Th2 cytokines. In our chemopreventive model, where
is associated with a reduction in the number of CD#1lb EGCG is used before UVB exposure, EGCG application
monocytes/macrophages and neutrophils infiltrating into UVB-seems capable of tilting the immune response in favor of the
irradiated skin. The infiltrating CD11b cells could provide a development of Thl-type cells and Thl cytokine production.
second hit, via reactive oxygen species, to the UV-damagetiherefore, this cytokine shift by EGCG may be the mechanism
epidermis that results in keratinocyte disassociation and furthesf action responsible for reversing UVB-induced immuno-
breakdown in the structure of the UVB-exposed epidermis. Isuppression and tolerance induction in mice. It is evident that
has previously been shown that blocking of infiltrating leuko-radiolabeled EGCG orally administered to mice is distributed
cytes using anti-CD11b antibody and also using soluble comto various organs of the body including the skin (50). The
plement receptor type | blocks UV-induced immunosuppressiopresence of EGCG in the skin after administration of green
and tolerance induction and also prevents further damage tea as a sole source of drinking water to mice may be the reason
UV-irradiated epidermis in mice (31,32). for protection against UVB-induced photocarcinogenesis (51).
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