EXPERIMENTAL and MOLECULAR MEDICINE, Vol. 35, No. 2, 136-139, April 2003

Epigallocatechin gallate, a constituent of green tea,
suppresses cytokine-induced pancreatic f-cell damage
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Abstract

Cytokines produced by immune cells infiltrating
pancreatic islets have been implicated as one of
the important mediators of P-cell destruction in
insulin-dependent diabetes mellitus. In this study,
the protective effects of epigallocatechin gallate
(EGCG) on cytokine-induced B-cell destruction were
investigated. EGCG effectively protected IL-1B and
IFN-y-mediated cytotoxicity in insulinoma cell line
(RINmS5F). EGCG induced a significant reduction in
IL-1B and IFN- y-induced nitric oxide (NO) produc-
tion and reduced levels of the inducible form of
NO synthase (iNOS) mRNA and protein levels on
RINmSF cells. The molecular mechanism by which
EGCG inhibited iINOS gene expression appeared to
involve the inhibition of NF-xB activation. These
findings revealed EGCG as a possible therapeutic
agent for the prevention of diabetes mellitus pro-
gression.
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Introduction

Epigallocatechin gallate (EGCG), a major ingredient of
green tea has been known to have a variety of phy-
siological activities; anticarcinogenic, antioxidant, anti-
angiogenic, and antiviral activity (Nakayama et al.,
1993; Yang and Wang, 1993; Katiyar and Mukhtar,
1997). In addition, EGCG was also reported to func-

tion as antidiabetic. Injection of EGCG into lean and
obese Zucker rats significantly lowered blood glucose
and insulin levels, and green tea extract increased
glucose metabolism in adipocytes (Broadhurst et al.,
2000; Kao et al., 2000). Epicatechin, structurally simi-
lar to EGCG, is the active compound in the extract
from Pterocarpus marsupium Roxb bark traditionally
used in Indian folk medicine to treat diabetes (Ahmad
et al., 1989).

Insulin-dependent diabetes mellitus (IDDM) de-
velops as a consequence of the selective destruction
of insulin-producing B-cells due to a variety of factors
including reactive oxygen species (ROS), toxins (mi-
crobial, chemical, dietary), and autoimmune respon-
ses (Rabinovitch and Suarez-Pinzon, 1998). Recent
studies provided evidences that B-cells are destroyed
by autoimmune responses directed against certain
B-cell constituents (autoantigens). Mediation by cyto-
kines secreted by the infiltrating immune cells was re-
ported to illicit cytotoxicity of pancreatic p-cell is med-
iated by cytokines (Rabinovitch and Suarez-Pinzon,
1998; Tannous et al., 2001).

Tannous et al. (Tannous et al, 2001) have de-
monstrated that cytokine-induced pancreatic p-cell
damage is primarily associated with the induction of
inducible nitric oxide synthase (iINOS), leading to the
generation of nitric oxide (NO) within the cell, which
subsequently causes dysfuction of the pancreatic -
cell. Together, these results suggest that cytokine-in-
duced up-regulation of INOS in pancreatic B-cell may
contribute in generation of IDDM, and intervention of
iNOS-induction could provide an effective means to
prevent or treat onset of the disease.

EGCG known for antioxidative activity may protect
cytokine-induced pancreatic p-cell damage. In this
study we used a cytokine-induced p-cell damage sys-
tem to examine functional role of EGCG in the
prevention of the B-cell damage. We show that EGCG
protected cytokine-induced p-cell damage, which is
partly mediated by suppression of NF«kB or iNOS
activity.

Materials and Methods

Cell culture and EGCG treatment

The RINm5F pancreatic p-cell line was purchased
from the American Type Culture Collection. RINm5F
cells were cultured in RPMI-1640 medium supple-
mented with 10% fetal bovine serum. Cells were



cultured in 24-well plates for 2 days prior to various
experimental conditions. The culture medium was re-
placed with medium consisting of either diluents alone
or IL-18 and IFN-y. EGCG was purchased from Sigma.

Assessment of cell viability

Cells were incubated with EGCG at various con-
centrations of 0, 20, 50, 100 and 200 ug/ml. There-
after, the cells were treated with IL-1p and IFN-y, and
the medium was changed, and then 3-4,5-dimeth-
ylthiazol-2-yl-2,5-diphenyltetrazolium bromide (MTT);
100 pg/0.1 ml was added for 4 h. The viable cell
number is directly proportional to the production of
formazan which, following solublization with DMSO,
was measured spectrophotometrically at 570 nm.

Quantitation of nitrite release

Cell-free supernatants were collected after incubation
at each time points. Each sample was added to
96-well plates, and NO production was measured as
nitrite (NO2) concentration by the Griess assay (Green
et al., 1982). Griess reagent (100 ul) (a 1:1 mixture
of 1% p-aminobenzenesulfonamide in 5% HsPO4 and
0.1% naphthylethyl-enediaminedihydrochloride in H,0)
were added (v/v) to diluted samples and standard
(NaNO,) in 96-well plates. Plates were incubated at
room temperature for 10 min and absorbance was
measured at 550 nm in an ELISA reader.

Electrophoretic mobility shift assay

The activation of NF-xB was assayed by gel mobility
shift assay using nuclear extracts from control and
treated cells. Nuclear extract was prepared as des-
cribed (Park and Park, 2001). As a probe for the gel
retardation assay, an oligonucleotide containing the «-
chain binding site (kB, 59-CCGGTTAACAGAGGG-
GGCTTTCCGAG-39) was synthesized. The two com-
plementary strands were annealed and labeled with
[a-**P]dCTP. Labeled oligonucleotides (10,000 cpm),
10 mg of nuclear extracts, and binding buffer (10 mM
Tris-HCI, pH 7.6, 500 mM KCI, 10 mM EDTA, 50%
glycerol, 100 ng poly(dl-dC), 1 mM DTT) were incu-
bated for 30 min at room temperature in final volume
of 20 ul. The reaction mixture was analyzed by electro-
phoresis on a 4% polyacrylamide gel in 0.53x Tris-
borate buffer. The gel was dried, and followed by auto-
radiography. Specific binding was controlled by com-
petition with a 50-fold excess of cold kB oligonu-
cleotide.

Quantitation expression of iINOS by reverse
transcription-PCR (RT-PCR)

Total RNA was isolated from cells by using TRIzol
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reagent following the manufacture's instructions. One
microgram of total RNA was transcribed into cDNA
in a 20 pl final volume of reaction buffer (10 mM
Tris-HCI, 50 mM KCI, 1.5 mM MgCl,, 1 mM each
dNTP and 2.4 uM oligo-d(T) 16-primer, 1 units RNase
inhibitor, and 2.5 units M-MLV RNase H-reverse
transcriptase by incubation for 10 min at 21°C and
15 min at 42°C. The reaction was stopped by in-
cubation at 99°C for 5 min. For rat iNOS, PCR
aliquots of the synthesized cDNA were added to a
45 ul PCR mixture containing 10 mM Tris-HCI, 50 mM
KCI, 1.5 mM MgClz, 0.2 mM each dNTP, and 2 units
Tag DNA polymerase, and 0.4 uM of each PCR
primer: upstream primer, 5'-CCACAATAGTACAATAC-
TACTTGG-3', down stream primer, 5-ACGAGGTGT-
TCAGCGTGCTCCACG-3'. Amplification was initiated
with 3 min of denaturation at 94°C followed by 26
cycles at 94°C for 1 min, 60°C for 1 min, 72°C for
1 min. After the last cycle of amplification, the sam-
ples were further incubated for 5 min at 72°C. p-actin
PCR was performed with 2.5 pl of aliquots of syn-
thesized cDNA using primers at a concentration of
0.15 uM: upstream primer, 5-TGCCCATCTATGAGG-
GTTACG-3' down stream primer, 5-TAGAAGCATTTG-
CGGTGCACG-3'. The obtained PCR products were
analyzed on ethidium bromide-stained agarose (1.5%)
gels.

Quantitation of expression of iNOS
by Western blotting

Cells were homogenized in 100 ml of ice-cold lysis
buffer (20 mM Hepes, pH 7.2, 1% Triton X-100, 10%
glycerol, 1 mM PMSF, 10 pg/ml leupeptin, 10 pg/ml
aprotinin). The homogenates containing 20 ug of pro-
tein were separated by SDS-PAGE with 10% resolv-
ing and 3% acrylamide staking gel, and transferred
to nitrocellulose sheets (Schleicher & Schuell, Ger-
many) in a Western blot apparatus (Bio-Rad, Ger-
many) run at 50 V for 2 h. The nitrocellulose paper
was blocked with 2% BSA and then incubated for 4
h with 1 pg/ml anti-mouse macrophage iNOS rabbit
IgG (Transduction Lab.). The binding of antibody was
detected with anti-rabbit IgG conjugated with alkaline
phosphatase (Sigma). Immunoblots were developed
using BCIP/NBT solution (Pierce).

Result and Discussion

Proinflammatory cytokines, such as IL-1B, IFN-y and
TNF-a, are known to be released into the islets by
activated macrophages and T cells in the early stage
of autoimmune diabetes and probably responsible for
B cell destruction (Mandrup-Poulsen, 1996; Rabino-
vitch, 1998; Eizirik and Mandrup-Poulsen, 2001). Under
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Table 1. Protective effect of EGCG on IL-1p/IFN-y-induced cytotoxicity.
RINmS5F cells (1x10°) were cultured with IL-1p and IFN-y in the pre-
sence or absence of EGCG for 24 h. The concentrations of cytokines
or EGCG used were: IL-1B, 2 ng/ml; IFN-y, 100 U/ml; EGCG, 0, 20,
50, 100, 200 pg/ml. The percentage of cells viability after these treat-
ments was determined by the MTT colorimetric assay and calculated
as a ratio of Asypo of treated- and control cells (treated with 0.05%
DMSO). Each value is the meantSEM of four independent experi-

Table 2. Inhibition of IL-1p/IFN-y- mduced release of NO from RINm5F
cells by EGCG. RINm5F cells (4x10%) were cultured with IL-1p and
IFN-y in the presence or absence of protector (EGCG) for 24 h. The
concentrations of cytokines or protector used were the same con-
ditions in Figure 1. Nitrite concentration was measured in the cell-free
culture supernatants as a reflection of NO synthesis. Results of tri-
plicate samples were expressed as mean+SEM.

ments. Treatment Nitrite (mM)
iabili =+

Treatment (l’/Coel(l)fV:;t;”tlrtgl) ﬁ_o: gm 2:;2;
Control 100 IL-1B+IFNy 60+6.1
IL-1B 89+5 IL-1B+IFNy+EGCG (20 ng/ml) 55+7.3
IL-1B+IFNy 4546 IL-1B+IFNy+EGCG (50 pg/ml) 4746.3
IL-1B+IFNy+EGCG (20 pg/ml) 5547 IL-1B+IFNy+EGCG (100 pg/ml) 3575
IL-1B+IFNy+EGCG (50 pg/ml) 6716 IL-1B+IFNy+EGCG (200 pg/ml) 2816.3

IL-1B+IFNy+EGCG (100 pg/ml) 7547

IL-1B+IFNy+EGCG (200 pg/mi) 8246
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Figure 1. Inhibition of IL-1B/IFN-y-induced expressmn of iNOS from
RINSmF cells by EGCG. RINmSF cells (2x10%) were cultured with
2 ng/ml IL-1B and 200 U/ml IFN-y in the absence or presence of
200 pg/ml EGCG for 24 h. Western blotting was performed under
the conditions described in "Materials and Methods".
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Figure 2. Inhibition of IL-1pB/IFN-y-induced expresswn of INOS mRNA
from RINm5F cells by EGCG. RINm5F cells (2x10°) were cultured
with 2 ng/ml IL-1 and 200 U/ml IFN- in the absence or presence
of 200 pg/ml EGCG for 24 h. RT-PCR was performed as described
in "Materials and Methods".

in vitro condition, IL-1B in combination with IFN-
induces functional impairment in B islets and leads to
B cell death, mostly by apoptosis (Eizirik and Darville,

Figure 3. Effect of EGCG on IL-1p and IFN-y-induced translocatlon
of NF-kB from cytosol to the nucleus. RINSmF cells (5x10°%) were
treated with cytokines in the presence or absence of EGCG. Following
30 min incubation, nuclear extracts were prepared and NFkB acti-
vation was analyzed by electrophoretic mobility shift assay as des-
cribed in "Materials and Methods". Lane 1, control; lane 2, IL-1f+
IFN-y; lane 3, IL-1B+IFN-y+EGCG (100 pg/ml), lane 4, IL-1p+IFN-y+
EGCG (200 ug/ml).

2001; Eizirik and Mandrup-Poulsen, 2001).

The effect of EGCG against cytokine-induced B-cell
damage was examined by analyzing cell viabilities of
RINm5F cells following the treatment with IL-13 and
IFN-y with MTT assay. As shown in Table 1, when
the RINm5F cell were treated with IL-1B (2 ng/ml) in
the presence of IFN-y (200 U/ml), almost half (55%)
of the cells became apoptotic, but IL-1p alone had
a minimal effect in cell viability (82% of control).
However, pretreatment of the cells with EGCG re-
sulted in no cell death in a dose-dependent manner.
At a dose of 200 pg/ml EGCG, the IL-18 and IFN-y
induced RINm5F cell death was nearly completely
blocked. EGCG treatment alone showed no effect on
B cell (data not shown).

IL-1B/IFN-y induced release of Nitric Oxide (NO)
was shown to mediate cytotoxicity (Rabinovitch and
Suarez-Pinzon, 1998). We have explored possible
effect of EGCG on NO released from RINm5F cells
treated with IL-1B (2 ng/ml) in the presence of IFN-y
(200 U/ml). As shown in Table Il, when RINm5F cells
were exposed to IL-1B (2 ng/ml) and IFN-y (200



U/ml), there was an approximately 3 fold increase in
nitrite levels. However, the increase in nitrite levels
was completely abrogated by the pretreatment of cells
with EGCG (200 pg/ml). This finding suggests that
EGCG induced neutralization of NO produced by
cytokine-induced RINm5F cells may be one of the
mechanisms EGCG's functions. On the other hand,
the inhibition of NO production by EGCG might be
due to either the inhibition of INOS activity or the
inhibition of INOS expression. To test these pos-
sibilities, we analyzed expression level of iNOS in the
EGCG treated cells by Western blot analysis. The
data given in Figure 1 showed that IL-1B in the
combination with IFN-y markedly increased iNOS
protein level and the cytokine-induced increase in
iINOS protein level was completely blocked by the
pretreatment of cells with EGCG (200 ug/ml). The
inhibition of NO production by EGCG thus appears
to be a result of a decrease of total INOS protein
level. Compatible with these observations, EGCG also
blocked IL-1p/IFN-y-induced iINOS mRNA expression
in RINSmF cells (Figure 2).

iINOS expression are known to be regulated through
the activation of NF-xB (Lowenstein et al., 1994). In
addition, NF-xB activation induced by cytokine such
as IL-1B promote expression of several B-cell genes,
including pro- and anti-apoptotic genes (Rabinovitch
and Suarez-Pinzon, 1998). To elucidate the mecha-
nism of IL-1B/IFN-y-induced B-cell damage associated
with the activation of NF-«xB, we have determined the
NF-«xB activation following cytokine treatment of the
cells in the presense or the absence of EGCG. Figure
3 showed a representative EMSA radiograph that
depicted the *P-DNA/NF-xB complexes present in the
nuclear extracts of the RINm5F cell after treatment
of IL-1B (2 ng/ml) in the presence of IFN-y. Pre-
treatment with EGCG inhibited IL-1p/IFN-y induced-
NF-xB activation in a dose dependent manner. At a
dose of 200 pg/ml EGCG, the IL-1B/IFN-y induced-
NF-«xB activation was decreased to a level of the
control.

In conclusion, the present results indicate that one
of the protective function of EGCG for cytokine-in-
duced p-cell destruction involves inhibition of NF-xB
activation. Thus, this study provides the possibility
that EGCG might have a preventive effect on cyto-
kine-induced diabetes.
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