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Background: Epigallocatechin gallate (EGCG), a component of

green tea catechin with the strongest biological activity, has

been focused in recent years because of its anti-inflammatory

and immunomodulatory activities. Dendritic cells (DCs) are

professional antigen-presenting cells, capable of priming

naive T cells, and play the key roles in the activation of

T-cell–mediated immune responses.

Objective: We aimed to investigate the effect of EGCG on

human monocyte-derived DCs (MODCs) and, consequently,

on the T-cell–mediated immune response.

Methods: The induction of apoptosis, and the detailed

phenotypic and functional changes of MODCs, generated by

culture of peripheral blood monocytes in the presence of

GM-CSF and IL-4, induced by EGCG was investigated and

compared with the effects of dexamethasone.

Results: Epigallocatechin gallate induced apoptosis and

affected the phenotype of the developing DCs. The expressions

of CD83, CD80, CD11c, and MHC class II, which are molecules

essential for antigen presentation by DCs, were downregulated

by EGCG. EGCG also suppressed the endocytotic ability of

immature DCs, whereas dexamethasone-treated DCs had

higher endocytotic ability than control DCs. Most importantly,

mature DCs treated with EGCG inhibited stimulatory activity

toward allogeneic T cells while secreting high amounts of IL-10.

Conclusion: Epigallocatechin gallate induces

immunosuppressive alterations on human MODCs, both by

induction of apoptosis and suppression of cell surface molecules

and antigen presentation.

Clinical implications: These alterations should be considered

promising new immunosuppressive and anti-inflammatory

agents to treat autoimmune and allergic diseases and to prevent
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Dendritic cells (DCs), one of the most potent antigen
presenting cells in vivo, represent a terminally differenti-
ated stage of monocytes.1 Peripheral blood monocytes
cultured in vitro with GM-CSF and IL-4 differentiate
into nonadherent CD1a1CD14low/– immature DCs, which
show a high ability for antigen uptake. Pathogen-related
molecules such as LPS and inflammatory cytokines
stimulate maturation of DCs and their subsequent migra-
tion to lymphoid organs, where they present antigens to
T cells. This conversion from antigen-capturing immature
DCs to an antigen-presenting mode is defined as DC
maturation.1,2

Polyphenols are the most significant group of tea
components, especially the catechin group of the flavo-
nols. The major tea catechins are epigallocatechin gallate
(EGCG), epigallocatechin (EGC), epicatechin gallate
(ECG), and epicatechin (EC). The anti-inflammatory,
antioxidative,3,4 and cancer-preventative5-8 properties of
tea polyphenols, especially EGCG, have been well docu-
mented. However, how these inhibitory responses are
modulated by EGCG is not well characterized.

Recently, we reported that EGCG had an inhibitory
effect on CD81 T cell–mediated inflammation9 and also
induced apoptosis of human monocytes,10 a mechanism
similar to the immunosuppressive effect of glucocorti-
coids. Anti-inflammatory glucocorticoids, such as
dexamethasone, are also known as promising agents for
developing tolerogenic DCs.11-15 Here, we aimed to
investigate the effect of EGCG on the differentiation and
maturation processes of human monocyte-derived DCs
(MODCs), the key cells responsible for the initiation of
T cell–mediated immunity. We demonstrate that exposure
of monocytes to EGCG together with GM-CSF and IL-4
inhibited their differentiation to DCs and, in addition,
induced apoptosis of DC-precursors and immature DCs,
an effect equivalent to the immunosuppressive alterations
induced by dexamethasone. Moreover, EGCG blocked the
terminal maturation process of already differentiated DCs.
1
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Abbreviations used
DC:
 Dendritic cell
EC:
 Epicatechin
ECG:
 Epicatechin gallate
EGC:
 Epigallocatechin
EGCG:
 Epigallocatechin gallate
FITC:
 Fluorescein isothiocyanate
MFI:
 Mean fluorescence intensity
MLR:
 Mixed leukocyte reaction
MODC:
 Monocyte-derived dendritic cell
PI:
 Propidium iodide
rFI:
 Relative fluorescence intensity
METHODS

Reagents

All cultures were performed in AIM-V (GIBCO, Grand Island,

NY) supplemented with 10% human serum of blood group type AB.

Recombinant human GM-CSF and recombinant human IL-4 were

obtained from R&D Systems (Minneapolis, Minn).

Epicatechin, ECG, EGC, and EGCG were purchased from Sigma

(St Louis, Mo). Dexamethasone and LPS (Escherichia coli; serotype

026:B6) were also from Sigma.

Culture of DCs

Approval for all experiments with human blood was provided by

the Human Ethics Committees of the University of Tokyo. PBMCs

from venous blood of healthy volunteers were prepared as previously

described.9 PBMCs isolated on Ficoll-Paque (Amersham Pharmacia,

Uppsala, Sweden) were subjected to plastic adherence for 2 hours

(378C) in culture medium. Adherent cells were cultured in the

presence of 500 U/mL GM-CSF and 500 U/mL IL-4. On days

3 and 5 of culture, the medium was replaced, and on day 7, the

generated immature DCs were treated with different concentrations

of EGCG or dexamethasone for another 24 hours. To induce matura-

tion, LPS (1 mg/mL) was added on day 7, and the generated mature

DCs were treated with different concentrations of EGCG or dexa-

methasone for another 24 hours. DC precursors, which are cells in

the differentiation process from monocytes into immature DCs,

were generated by culture of human monocytes for 5 days in the pres-

ence of GM-CSF and IL-4 and treated with EGCG or dexamethasone.

Flow-cytometric analysis of cell apoptosis

Flow cytometry was used for the analysis of apoptosis, after

double-staining of DCs with fluorescein isothiocyanate (FITC)–

conjugated annexin V and propidium iodide (PI; Bio Vision, Inc,

Mountain View, Calif). After treatment for 24 hours with different

concentrations of EGCG or dexamethasone, annexin V(-)PI(-) cells

were considered viable cells; annexin V(1)PI(-) cells, early apoptotic

cells; annexin V(1)PI(1) cells, late apoptotic cells; and annexin V(-)

PI(1) cells, necrotic cells. Both early and late apoptotic cells were

analyzed together as apoptotic cells. Data collected in a FACS

Calibur (Becton Dickinson, San Jose, Calif) and analyzed with the

CellQuest software (Becton Dickinson). The generated immature

and mature DCs were treated with various catechins (EC, ECG,

EGC, and EGCG) for another 24 hours and then analyzed.

Flow-cytometric analysis of cell
surface molecules

The changes in the surface expression of DCs were analyzed by

flow cytometry. Cells were stained with FITC-conjugated mAbs:
anti-CD1a, anti-CD83, the specific marker of mature DCs,16 and

anti–HLA-DR; or phycoerythrin-conjugated mAbs: anti-CD14, the

marker of monocytes,16 anti-CD11c, anti-CD80 and anti-CD86, the

costimulatory factors of the T-lymphocyte activation by DCs16

(obtained from BD Pharmingen, San Diego, Calif). Results were

expressed as the relative fluorescence intensity (rFI), calculated as

rFI 5 (MFI sample – MFI control)/MFI control, where MFI is the

mean fluorescence intensity.17

Determination of endocytotic ability of DCs

Endocytotic ability of DCs was measured as the uptake of FITC-

dextran, as previously described,13 with some modifications. Briefly,

2 3 105 cells per sample were incubated at 378C or 48C in media

containing FITC-dextran (10 mg/mL; molecular weight, 40,000;

Sigma) for 1 hour. The negative control sample was incubated at

48C, the temperature in which cells are hypoactive with low endocy-

totic ability.18 Then, cells were washed and fixed in cold 1% formalin,

and the quantitative uptake of FITC-dextran was determined by the

fluorescence-activated cell sorting. Results were expressed as rFI.

Mixed leukocyte reaction assays

The effect of EGCG on the ability of DCs to stimulate allogeneic

T lymphocytes in mixed leukocyte reaction (MLR) was investigated

and compared with that of dexamethasone. Nonadherent allogeneic

PBMCs were placed at a density of 2 3 105/well as the responders, and

coincubated with 0.025% glutaraldehyde-fixed DCs treated with or

without EGCG or dexamethasone as the stimulators. The plates

were incubated at 378C for 7 days. Then the proliferative activity

of lymphocytes was measured by the MTS assay (Cell Titer 96

NonRadioactive Cell Proliferation Assay; Promega, Madison, Wis).

Viability of responder cells was calculated as the ratio to the OD of con-

trol wells, containing responder cells only. All the determinations were

set up in triplicate, and data were presented as mean values 6 SDs.

Quantification of IL-10

The effect of EGCG on the production of IL-10, the anti-

inflammatory cytokine produced during the maturation process by

MODCs, was investigated. DCs (2 3 105) were cultured with or with-

out LPS and treated with different concentrations of EGCG for 24

hours. Cytokine levels in the supernatants were measured by the

ELISA kit (Becton Dickinson). All determinations were set up in

triplicate, and data were presented as mean values 6 SDs.

Statistical analysis

The results were analyzed by 2-tailed Student t test and expressed

as means 6 SDs. Differences were considered statistically significant

at P � .05 or P � .01.

RESULTS

Effect of various catechins on the induction
of DC apoptosis

Monocyte-derived DCs were confirmed to be negative
for CD14, the surface marker of monocytes, and positive
for HLA-DR, CD11c, CD80, CD83, and CD86 (data not
shown). At day 7 of culture, immature and mature
(induced by LPS) DCs were incubated for 24 hours in
the absence or presence of the various catechins, and
analyzed. As shown in Fig 1, A, both EGCG and ECG, but
not EC and ECG, specifically induced apoptosis of DCs.
The effect of ECG, however, was significantly lower
than that of EGCG, and therefore, EGCG was chosen
for all the following experiments.



FIG 1. A, Effect of catechins on induction of apoptosis of immature

DCs. MODCs were treated with EC, ECG, EGC, and EGCG at 100

mmol/L. Apoptotic cells were analyzed by annexin V binding. B,

EGCG-induced apoptosis of immature MODC dose-dependently.

EGCG and dexamethasone (Dex) were tested at concentrations

indicated. Data are expressed as means 6 SDs (n 5 5). *P � .05;

**P � .01.

FIG 2. EGCG downregulated the expression of phenotype markers

of DCs. MODCs were stimulated with LPS and/or EGCG or dexa-

methasone (Dex). MODCs were labeled with mAbs against HLA-DR

(A), CD11c (B), CD80 (C), CD83 (D), and CD86 (E). Data represent the

ratio between the mean fluorescence intensity of the sample and

that of control (n 5 5). *P � .05; **P � .01.

FIG 3. Endocytosis of FITC-dextran by MODCs. A, Immature DCs

treated with or without EGCG or dexamethasone (Dex). B, Mature

DCs generated in the presence of LPS (1 mg/mL) and treated with or

without EGCG or Dex. The dotted line represents negative control

(48C). Data are expressed as rFI (n 5 5).
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Epigallocatechin gallate was tested from physiological
to high nonphysiological doses. As shown in Fig 1, B,
EGCG specifically and dose-dependently induced apopto-
sis of immature DC, but doses as high as 25 to 100 mmol/
L, hardly achievable at physiological conditions, were
necessary for the effect to be significant. The effect
observed with EGCG at 100 mmol/L was equivalent to
that of dexamethasone at 200 mmol/L. In addition,
EGCG at 25 to 100 mmol/L induced apoptosis of mature
DCs at the same levels as immature DCs (data not shown).

EGCG induces morphologic alterations of DCs

By light microscopy, on day 2 or 3, many cell clusters
loosely adhered to the bottom of the culture plate were
seen. Among them, floating cells with dendritic appear-
ance appeared. Conversion of adherent monocytes to cells
with the typical morphology of DCs was observed for
6 days. At day 7, EGCG or dexamethasone was added,
and DCs were incubated for another 24 hours. In the pres-
ence of EGCG at 100 mmol/L, the typical cluster formation
by DCs disappeared, and cells remained adherent and de-
veloped elongated pseudopods and a fusiform body. In the
presence of dexamethasone at 200 mmol/L, a few smaller
aggregates of irregular cells appeared (data not shown).

EGCG suppressed the differentiation of DCs
from monocytes

The immature DCs expressed HLA-DR, CD11c, and
CD86, but low levels of CD80 and CD83. Mature DCs
generated in the presence of LPS (1 mg/mL) expressed
high levels of HLA-DR, CD11c, CD80, CD83, and CD86.
EGCG significantly altered the immunophenotype of
DCs, both immature and mature (Fig 2), causing a dose-
dependent inhibition of the expression of HLA-DR,
CD11c, CD80, CD83, markedly downregulated by
EGCG at 100 mmol/L. A dose-dependent downregulation
of CD86 on mature DCs was also observed, but on imma-
ture DCs, statistical significance was achieved only with
EGCG at 100 mmol/L. Dexamethasone also caused down-
regulation of HLA-DR and CD86 on both immature and
mature DCs, an effect stronger than that of EGCG at
100 mmol/L. The downregulation of CD11c and CD80
on both immature and mature DCs, and that of CD83 on
immature DCs, was more pronounced with EGCG than
dexamethasone.

EGCG suppressed the endocytotic
ability of DCs

Endocytosis is a feature of immature DCs, which
declines during maturation. As shown in Fig 3, EGCG
dose-dependently suppressed the endocytotic ability of
immature DCs. EGCG at 100 mmol/L enhanced the
endocytotic ability of mature DCs, compared with control
mature DCs. Dexamethasone-treated DCs, both immature
and mature, had also higher endocytotic ability than
control DCs (P � .01).

EGCG inhibited the allostimulatory
capacity of DCs

Epigallocatechin gallate significantly impaired the al-
lostimulatory capacity of both immature and mature DCs
(Fig 4, A and B), which was dose-dependently affected



FIG 4. EGCG inhibited the allostimulatory capacity of MODCs. Immature (A) and mature (B) DCs cultured in the

presence of EGCG or dexamethasone (Dex) were coincubated with allogeneic T cells. Allostimulatory capacity

of immature DCs (C) and mature DCs (D) was affected dose-dependently by EGCG or Dex at a T-cell:DC ratio of

2:1 (n 5 5). *P � .05; **P � .01.

FIG 5. The effect of EGCG on IL-10 production by MODCs.

Immature (A) and mature (B) DCs were cultured in the presence

or absence of EGCG. After 24 hours, the culture supernatants

were analyzed by an IL-10–specific ELISA. Values are expressed

as means 6 SDs (n 5 5). *P � .05; **P � .01.
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when tested at a T cell:DC ratio between 2:1 and 20:1 (Fig
4, C and D). Immature DCs treated with EGCG at 10 mmol/
L showed reduced allostimulatory ability at a T cell:DC ra-
tio between 10:1 and 20:1, and that of mature DCs treated
with EGCG at 10 mmol/L was reduced at a T cell:DC ratio
between 5:1 and 20:1, but the effect was not statistically
significant (data not shown). Similarly, dexamethasone
markedly impaired the ability of both immature and mature
DCs to stimulate T-cell proliferation (Fig 4).

EGCG affected the secretion of IL-10 by DCs

The IL-10 production by immature DCs was signifi-
cantly upregulated by EGCG in a dose-dependent manner
(Fig 5, A). EGCG treatment of mature DCs also resulted in
significantly higher production of IL-10 compared with
control mature DCs (Fig 5, B).

EGCG induced apoptosis of DC precursors
and suppressed the differentiation into DCs

As shown in Fig 6, A, EGCG treatment at 50 mmol/L
and 100 mmol/L specifically induced apoptosis of DC
precursors. The significant increase of apoptosis was
observed with EGCG at high doses (100 mmol/L). The
percentage of apoptotic DC precursor cells was higher
than that of immature DCs at the same conditions (Fig 1,
B), but the difference was not statistically significant.

Dendritic cell precursors expressed CD1a but low
levels of CD14. EGCG and dexamethasone significantly
altered the immunophenotype of DC precursors. As
shown in Fig 6, C, the expression of CD1a was markedly
downregulated by EGCG at 100 mmol/L. Treatment with
dexamethasone resulted in upregulation of surface expres-
sion of CD14 (Fig 6, B). EGCG, however, did not affect
the expression of CD14 on DC precursors (Fig 6, B) or
immature DCs (data not shown).

DISCUSSION

Epigallocatechin gallate, which accounts for more than
40% of polyphenols in green tea,19 has been reported to
exert a variety of biological effects, including antiprolifer-
ative and cancer chemopreventive activities.5,6 Antiviral
effects of EGCG against HIV-1 infection by inhibiting
the attachment of the HIV-1 virion gp120 to the CD4
molecule on TH cells were also reported.20-22 In a recent
report, we demonstrated that one mechanism of the
anti-inflammatory effect of EGCG is the attenuation of
the adhesive and migratory properties of CD81 T cells
by the direct binding of EGCG to CD11b.9 EGCG also in-
duced apoptosis of human monocytes, another possible
mechanism of its anti-inflammatory and immunosuppres-
sive effects.10 Currently, however, the effects of EGCG on
human MODCs are poorly described.

First, we investigated the effect of various catechins on
the induction of DCs’ apoptosis. Although weaker than
EGCG, ECG also induced apoptosis of human MODCs.



FIG 6. A, Induction of apoptosis of DC precursors by EGCG. EGCG

caused a dose-dependent increase of annexin V–positive apoptotic

cells. Inhibition of the differentiation of DC precursors into im-

mature DCs by EGCG or dexamethasone (Dex), as shown by the

relative changes of CD14(1) (B) or CD1a(1) (C) cells. Data are

expressed as mean rFIs 6 SDs (n 5 5). *P � .05; **P � .01.
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Other catechins had little or no effect on MODCs.
Interestingly, both EGCG and ECG are gallate-containing
compounds, which were also effective in our previous
report.10 Treatment of both immature and mature DCs
with EGCG resulted in lower expression levels of costi-
mulatory molecules, namely HLA-DR, CD11c, CD80,
and CD83. Maturation of DCs in the presence of LPS is
known to upregulate the expression of these costimulatory
molecules23,24; however, addition of EGCG during the
maturation process resulted in limited upregulation, sug-
gesting that EGCG inhibits the maturation of DCs.
Therefore, EGCG treatment could induce T-cell tolerance
during DC–T-cell interaction, dependent on the poor sig-
nal 1 caused by low HLA-DR antigen presentation and
poor signal 2 caused by low expression of costimulatory
molecules.25,26 The allostimulatory capacity of both im-
mature and mature MODCs in the MLR assay was
significantly reduced by EGCG. A recent study has shown
that EGCG had a suppressive effect on the expression and
activity of indoleamine 2,3-dioxygenase, a key enzyme
involved in T-cell suppression of IFN-g–stimulated DCs;
and, as a consequence, recovered the indoleamine 2,3-
dioxygenase–dependent T-cell suppression.27 Although
through different perspectives, both studies have focused
on the immunomodulatory effect of EGCG, with opposite
findings. A possible explanation is the different type
and origin of DCs analyzed in both studies. Whereas
Jeong et al27 used mouse bone marrow–derived DCs,
we used human monocyte–derived DCs. The compara-
tive studies between human and mouse models as well
as DCs of various origins are necessary to confirm both
findings. In addition, EGCG suppressed the endocytotic
ability of immature DCs, but contrarily increased that
of LPS-treated mature DCs. Similarly, during the
process of DC maturation, dexamethasone is known
to increase their endocytotic ability, dependent on the
inhibition of DCs maturation.13 Because efficient endo-
cytotic accumulation of FITC-dextran is a characteristic
of immature DCs, and neither monocytes nor macro-
phages share this property,28 it is suggestive that
EGCG-treated human MODCs are functionally imma-
ture, similar to those treated with dexamethasone.

Several cytokines have been shown to regulate the
maturation process of DCs. IL-10 has been identified as
the major cytokine that can prevent both differentiation of
DCs from monocytes and their maturation by blocking
release of IL-12.29 IL-10 also inhibits expression of costi-
mulatory molecules and consequently causes inhibition of
TH1 responses.30 Thus, autocrine IL-10 production can
prevent maturation of DCs and, as a result, induce anergy
in responder T cells.31 IL-10 production by MODCs may
be a possible mechanism of the inhibitory effect of EGCG
on DC maturation. On LPS stimulation, human MODCs
cultured with EGCG produced high amounts of IL-10,
dose-dependently of EGCG. Our findings suggested that
the increased IL-10 production by MODCs during the
differentiation from monocyte precursors is consistent
with the DC phenotype described as inhibitory DCs, and
IL-10 is possibly involved in the increased endocytotic
ability of LPS-stimulated DCs treated with EGCG.
Recently it was shown that IL-10 upregulates mannose
receptor expression and mannose receptor–mediated
endocytotic ability of MODCs and appears to stimulate
the antigen uptake pathways through this mechanism.32

Production of high levels of IL-10 by LPS-stimulated
EGCG-treated DCs may be involved in the inhibition of
MODC maturation, at least in part.

Glucocorticoids, such as dexamethasone, are potent
anti-inflammatory and immunosuppressive agents that,
in addition to inhibition of activated T cells, also prevent
activation of DCs by production of the anti-inflammatory
cytokine IL-10 and suppression of the proinflammatory
cytokine IL-12.11,12,14,15 Dexamethasone is known to
inhibit the upregulation of costimulatory molecules
such as CD80 and CD86 as well as MHC class II
molecules.33,34 Dexamethasone also impaired the differ-
entiation of DCs from monocyte precursors, thereby
leading to a decrease in their T-cell–stimulatory poten-
tial.35 In addition, dexamethasone significantly upregu-
lated the endocytotic activity of DCs, which occurs via
mannose receptor.28 Our results also confirmed these
findings.
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Next we compared the immunosuppressive alterations
induced by EGCG with that by dexamethasone on DCs.
Our results suggested that EGCG had effects similar
to dexamethasone on human MODCs by causing
inhibition of their differentiation, terminal maturation,
and antigen-presenting function. Interestingly, although
dexamethasone significantly upregulated the endocytotic
ability of both immature and mature MODCs, EGCG only
partially upregulated that of mature DCs but suppressed
that of immature DCs. The increase of the endocytotic
ability of DCs induced by dexamethasone is known to be
dependent on increased production of IL-10, and mature
DCs produced high levels of IL-10, dose-dependently
of EGCG. On the other hand, the production of IL-10
by immature DCs was negligible compared with mature
DCs, and although not prominent, IL-10 production also
increased dose-dependently of EGCG. It is suggestive that
EGCG-treated mature DCs are functionally immature
while secreting high amounts of IL-10, an effect similar
to dexamethasone. However, EGCG seemed to inhibit the
differentiation of immature DCs from monocyte precur-
sors, probably through a mechanism independent of
IL-10. Similarly, zoledronic acid, another inhibitor of
DC differentiation, was shown to inhibit the endocytotic
ability of immature DCs.36 Alterations of the rigidity of
the cell membrane, caused by either alterations of the cy-
toskeleton, induced by EGCG in human hepatic stellate
cells,37 or actin remodeling by suppression of myosin II
regulatory light chain phosphorylation mediated through
the binding of EGCG to the 67-kd laminin receptor,38

may be responsible for the modulation of the phagocytotic
ability of immature DCs.

Some previous reports have shown that the addition of
IL-10 at the initiation of culture of monocytes with GM-
CSF and IL-4 or IL-13 resulted in the generation of
macrophagelike cells that expressed high levels of CD14
and decreased levels of CD1a and were less efficient
stimulators of T cells in MLR compared with DCs.39

Because EGCG induced the production of IL-10 by
DCs, the effect of EGCG on DC precursors was examined.
EGCG dose-dependently induced apoptosis of DC precur-
sors. Although dexamethasone caused upregulation of the
surface expression of CD14 on MODC, EGCG had no
similar effect on either DC precursors or immature DCs,
with neither expressing this molecule. On the other
hand, both EGCG and dexamethasone induced downregu-
lation of CD1a expression on DC precursors, corroborat-
ing the previous findings of the inhibitory effect of
EGCG on the differentiation process of human MODCs.

To assess the physiologic relevance of the present
findings, the knowledge on the plasma EGCG concentra-
tions achievable in vivo becomes essential. The physiolog-
ical concentration of EGCG is reported to be 0.1 to 0.6
mmol/L, and oral administration of 1600 mg EGCG under
fasting conditions was shown to give the maximum human
plasma level of 3.4 mg/mL (approximately 7.4 mmol/L).40

These levels are lower than the lowest concentration of
EGCG used in the current study, which was 4.6 mg/mL
(10 mmol/L). EGCG at 10 mmol/L did not affect the
endocytotic ability of DCs, nor did it induce apoptosis
of DCs. However, 10 mmol/L EGCG caused downregula-
tion of the surface expression of costimulatory molecules
of DCs and consequently impaired the ability to stimulate
CTL in the MLR. For the inhibitory effect on the endocy-
totic ability of DCs, doses higher than 50 mmol/L EGCG
were necessary, and for induction of apoptosis, higher
than 25 mmol/L. Because daily intake of EGCG from green
tea is reported to give plasma concentrations of about
2.5 mmol/L,40 it seems likely that 4 to 10 times higher
doses are necessary for the immunosuppressive effects of
EGCG to develop. Pharmaceutical formulations of green
tea would be necessary to achieve these plasma levels.

In conclusion, here we demonstrate that EGCG is a
potential immunosuppressive agent by inducing apoptosis
of human MODCs and exerting strong inhibitory effects
on the differentiation of and the antigen presentation by
DCs, effects possibly mediated by increased production of
IL-10. Therefore, EGCG treatment seems to be an effec-
tive alternative to generate tolerogenic DCs, which may
be useful in the treatment of allergic and autoimmune
disorders as well as allograft rejection.
REFERENCES

1. Palucka KA, Taquet N, Sanchez-Chapuis F, Gluckman JC. Dendritic

cells as the terminal stage of monocyte differentiation. J Immunol

1998;160:4587-95.

2. Zhou LJ, Tedder TF. CD141 blood monocytes can differentiate into

functionally mature CD831 dendritic cells. Proc Natl Acad Sci U S A

1996;93:2588-92.

3. Hashimoto F, Ono M, Masuoka C, Ito Y, Sakata Y, Shimizu K, et al.

Evaluation of the anti-oxidative effect (in vitro) of tea polyphenols.

Biosci Biotechnol Biochem 2003;67:396-401.

4. Bors W, Saran M. Radical scavenging by flavonoid antioxidants. Free

Radic Res Commun 1987;2:289-94.

5. Lambert JD, Yang CS. Cancer chemopreventive activity and bioavaila-

bility of tea and tea polyphenols. Mutat Res 2003;523-524:201-8.

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

381.

7. Suzuka M, Murakami S, Isemura M, Satoh K, Nukiwa T. Inhibitory

effects of green tea infusion on in vitro invasion and in vivo metastasis

of mouse lung carcinoma cells. Cancer Lett 1995;98:27-31.

8. Isemura M, Suzuki Y, Satoh K, Narumi K, Motomiya M. Effects of

catechins on the mouse lung carcinoma cell adhesion to the endothelial

cells. Cell Biol Int 1993;17:559-64.

9. Kawai K, Tsuno NH, Kitayama J, Okaji Y, Yazawa K, Asakage M,

et al. Epigallocatechin gallate attenuates adhesion and migration of

CD81 T cells by binding to CD11b. J Allergy Clin Immunol

2004;113:1211-7.

10. Kawai K, Tsuno NH, Kitayama J, Okaji Y, Yazawa K, Asakage M, et al.

Epigallocatechin gallate induces apoptosis of monocytes. J Allergy Clin

Immunol 2005;115:186-91.

11. Rea D, van Kooten C, van Meijgaarden KE, Ottenhoff TH, Melief CJ,

Offringa R. Glucocorticoids transform CD40-triggering of dendritic cells

into an alternative activation pathway resulting in antigen-presenting

cells that secrete IL-10. Blood 2000;95:3162-7.

12. Piemonti L, Monti P, Allavena P, Sironi M, Soldini L, Leone BE, et al.

Glucocorticoids affect human dendritic cell differentiation and matura-

tion. J Immunol 1999;162:6473-81.

13. Piemonti L, Monti P, Allavena P, Leone BE, Caputo A, Di Carlo V.

Glucocorticoids increase the endocytic activity of human dendritic cells.

Int Immunol 1999;11:1519-26.

14. Visser J, van Boxel-Dezaire A, Methorst D, Brunt T, de Kloet ER, Na-

gelkerken L. Differential regulation of interleukin-10 (IL-10) and IL-12

by glucocorticoids in vitro. Blood 1998;91:4255-64.



J ALLERGY CLIN IMMUNOL

VOLUME nnn, NUMBER nn

Yoneyama et al 7

ARTICLE IN PRESS
15. Blotta MH, DeKruyff RH, Umetsu DT. Corticosteroids inhibit IL-12

production in human monocytes and enhance their capacity to induce

IL-4 synthesis in CD41 lymphocytes. J Immunol 1997;158:5589-

95.

16. Tang LL, Zhang Z, Zheng JS, Sheng JF, Liu KZ. Phenotypic and func-

tional characteristics of dendritic cells derived from human peripheral

blood monocytes. J Zhejiang Univ Sci B 2005;6:1176-81.

17. Novak N, Haberstok J, Kraft S, Siekmann L, Allam JP, Bieber T. Stan-

dardized extracts from Chinese herbs induce IL-10 production in human

monocyte-derived dendritic cells and alter their differentiation in vitro.

J Allergy Clin Immunol 2001;108:588-93.

18. Bellette BM, Woods GM, Wozniak T, Doherty KV, Muller HK. DEC-

205lo Langerinlo neonatal Langerhans’ cells preferentially utilize a wort-

mannin-sensitive, fluid-phase pathway to internalize exogenous antigen.

Immunology 2003;110:466-73.

19. Nakagawa K, Miyazawa T. Chemiluminescence-high-performance liquid

chromatographic determination of tea catechin, (-)-epigallocatechin

3-gallate, at picomole levels in rat and human plasma. Anal Biochem

1997;248:41-9.

20. Williamson MP, McCormick TG, Nance CL, Shearer WT. Epigallocate-

chin gallate, the main polyphenol in green tea, binds to the T-cell recep-

tor, CD4: potential for HIV-1 therapy. J Allergy Clin Immunol 2006;118:

1369-74.

21. Nance CL, Shearer WT. Is green tea good for HIV-1 infection? J Allergy

Clin Immunol 2003;112:851-3.

22. Kawai K, Tsuno NH, Kitayama J, Okaji Y, Yazawa K, Asakage M, et al.

Epigallocatechin gallate, the main component of tea polyphenol, binds to

CD4 and interferes with gp120 binding. J Allergy Clin Immunol 2003;

112:951-7.

23. Sallusto F, Lanzavecchia A. Efficient presentation of soluble antigen by

cultured human dendritic cells is maintained by granulocyte/macrophage

colony-stimulating factor plus interleukin 4 and downregulated by tumor

necrosis factor alpha. J Exp Med 1994;179:1109-18.

24. Sallusto F, Cella M, Danieli C, Lanzavecchia A. Dendritic cells use

macropinocytosis and the mannose receptor to concentrate macromole-

cules in the major histocompatibility complex class II compartment:

downregulation by cytokines and bacterial products. J Exp Med 1995;

182:389-400.

25. van der Merwe PA. Modeling costimulation. Nat Immunol 2000;1:194-5.

26. Lenschow DJ, Walunas TL, Bluestone JA. CD28/B7 system of T cell

costimulation. Annu Rev Immunol 1996;14:233-58.

27. Jeong YI, Jung ID, Lee JS, Lee CM, Lee JD, Park YM. (-)-Epigalloca-

techin gallate suppresses indoleamine 2,3-dioxygenase expression in
murine dendritic cells: evidences for the COX-2 and STAT1 as potential

targets. Biochem Biophys Res Commun 2007;354:1004-9.

28. Schuler G, Steinman RM. Dendritic cells as adjuvants for immune-

mediated resistance to tumors. J Exp Med 1997;186:1183-7.

29. Xia CQ, Kao KJ. Suppression of interleukin-12 production through

endogenously secreted interleukin-10 in activated dendritic cells:

involvement of activation of extracellular signal-regulated protein kinase.

Scand J Immunol 2003;58:23-32.

30. De Smedt T, Van Mechelen M, De Becker G, Urbain J, Leo O, Moser M.

Effect of interleukin-10 on dendritic cell maturation and function. Eur

J Immunol 1997;27:1229-35.

31. Corinti S, Albanesi C, la Sala A, Pastore S, Girolomoni G. Regulatory

activity of autocrine IL-10 on dendritic cell functions. J Immunol

2001;166:4312-8.

32. Longoni D, Piemonti L, Bernasconi S, Mantovani A, Allavena P. Inter-

leukin-10 increases mannose receptor expression and endocytic activity

in monocyte-derived dendritic cells. Int J Clin Lab Res 1998;28:162-9.

33. Cella M, Engering A, Pinet V, Pieters J, Lanzavecchia A. Inflammatory

stimuli induce accumulation of MHC class II complexes on dendritic

cells. Nature 1997;388:782-7.

34. Moser M, De Smedt T, Sornasse T, Tielemans F, Chentoufi AA, Muraille

E, et al. Glucocorticoids down-regulate dendritic cell function in vitro

and in vivo. Eur J Immunol 1995;25:2818-24.

35. Cippitelli M, Santoni A. Vitamin D3: a transcriptional modulator of the

interferon-gamma gene. Eur J Immunol 1998;28:3017-30.

36. Wolf AM, Rumpold H, Tilg H, Gastl G, Gunsilius E, Wolf D. The effect

of zoledronic acid on the function and differentiation of myeloid cells.

Haematologica 2006;91:1165-71.

37. Higashi N, Kohjima M, Fukushima M, Ohta S, Kotoh K, Enjoji M, et al.

Epigallocatechin-3-gallate, a green-tea polyphenol, suppresses Rho sig-

naling in TWNT-4 human hepatic stellate cells. J Lab Clin Med 2005;

145:316-22.

38. Fujimura Y, Umeda D, Kiyohara Y, Sunada Y, Yamada K, Tachibana H.

The involvement of the 67 kDa laminin receptor-mediated modulation of

cytoskeleton in the degranulation inhibition induced by epigallocatechin-

3-O-gallate. Biochem Biophys Res Commun 2006;348:524-31.

39. Allavena P, Piemonti L, Longoni D, Bernasconi S, Stoppacciaro A, Ruco

L, et al. IL-10 prevents the differentiation of monocytes to dendritic cells

but promotes their maturation to macrophages. Eur J Immunol 1998;28:

359-69.

40. Ullmann U, Haller J, Decourt JP, Girault N, Girault J, Richard-Caudron

AS, et al. A single ascending dose study of epigallocatechin gallate in

healthy volunteers. J Int Med Res 2003;31:88-101.


	Epigallocatechin gallate affects human dendritic cell differentiation and maturation
	Methods
	Reagents
	Culture of DCs
	Flow-cytometric analysis of cell apoptosis
	Flow-cytometric analysis of cell surface molecules
	Determination of endocytotic ability of DCs
	Mixed leukocyte reaction assays
	Quantification of IL-10
	Statistical analysis

	Results
	Effect of various catechins on the induction of DC apoptosis
	EGCG induces morphologic alterations of DCs
	EGCG suppressed the differentiation of DCs from monocytes
	EGCG suppressed the endocytotic ability of DCs
	EGCG inhibited the allostimulatory capacity of DCs
	EGCG affected the secretion of IL-10 by DCs
	EGCG induced apoptosis of DC precursors and suppressed the differentiation into DCs

	Discussion
	References


