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Epigallocatechin gallate (EGCg) is a major form of tea catechin and has a variety of biological activities,
including antitumor as well as antimicrobial activity against some pathogens. Although the biological activities
of EGCg have been extensively studied, its immunological effects are not well known. In the present study, the
ability of EGCg to modulate macrophage immune functions in an in vitro Legionella pneumophila infection
model of macrophages was examined. The study showed that EGCg inhibited the growth of L. pneumophila in
macrophages at a concentration as low as 0.5 mg/ml without any direct antibacterial effect on the organisms.
The EGCg selectively upregulated the production of interleukin-12 (IL-12) and tumor necrosis factor alpha
(TNF-a) and downregulated IL-10 production of macrophages induced by L. pneumophila infection in a
dose-dependent manner, but did not alter IL-6 production even at a high dose. The upregulation of the levels
of macrophage gamma interferon (IFN-g) mRNA by EGCg was also demonstrated. Treatment of macrophage
cultures with anti-TNF-a and anti-IFN-g monoclonal antibodies markedly abolished the anti-L. pneumophila
activity of macrophages induced by the EGCg treatment. These results indicate that EGCg selectively alters the
immune responses of macrophages to L. pneumophila and leads to an enhanced anti-L. pneumophila activity of
macrophages mediated by enhanced production of both TNF-a and IFN-g. However, the enhancement of in
vitro anti-L. pneumophila activity by EGCg may not be directly mediated by IL-10 and IL-12 production
modulation. Thus, the results of this study revealed the immunomodulatory effect of EGCg on macrophages,
which have a critical role in infections.

Tea (Camellia sinensis) has been used as a daily beverage for
several thousand years since it was introduced as a beverage in
China and is now the second most common beverage con-
sumed by humans (37). Even though it has been known tradi-
tionally that tea may have some beneficial health effects, such
effects were not demonstrated by well-controlled laboratory
studies until the 1970s (37). However, current studies have
revealed the biological effects of tea, such as antitumor as well
as antimicrobial effects, even at the molecular level. The active
components of tea responsible for such biological effects are
now known to be catechins (also known as polyphenols), which
constitute seven forms, including epigallocatechin gallate
(EGCg).

EGCg is a major catechin compound in tea extracts and is
also the most active form among the tea catechins in a variety
of biological activities. For instance, EGCg has anticarciogenic
(14, 43), antioxidant (9, 14), as well as antimicrobial activities
(12, 34, 35, 38, 39). Although the mechanism of antimicrobial
activity of EGCg has been studied (12), it is still unclear.
However, the immunomodulatory effect of EGCg has been
increasingly recognized, since the bioavailability of EGCg in
plasma after drinking tea is known to be high (24, 25, 44). In
fact, it is known that EGCg potently stimulates the production
of interleukin-1 alpha (IL-1a), IL-1b, and tumor necrosis fac-

tor alpha (TNF-a) by cultured human peripheral blood mono-
nuclear cells (31). Furthermore, EGCg protects against UV
radiation-induced immunosuppression and tolerance induc-
tion by reducing IL-10 production and increasing IL-12 pro-
duction in epidermal and dermal cells (13). However, the de-
tailed immunomodulatory effects of EGCg on immune cells
has not been investigated.

Legionella pneumophila, a gram-negative facultative intracel-
lular pathogen, is the causative agent of Legionnaires’ disease
in immunocompromised patients. Even though there are ex-
tensive studies on L. pneumophila infection, particularly the
mechanism of infection, how L. pneumophila infection of the
lung is controlled is not yet clear. Nevertheless, it is widely
accepted that the activation of macrophages to suppress intra-
cellular bacterial growth is an essential effector mechanism in
the resolution of legionellosis (10). It is known that the Th1
cytokine gamma interferon (IFN-g) can activate macrophages
and monocytes to inhibit L. pneumophila growth (2, 27). Be-
sides the direct effect of the Th1 cytokine IFN-g to activate
macrophages, Th1 cells play an essential role in the develop-
ment of cell-mediated immunity to pathogens (11). Both
IFN-g and IL-12, which has a major role in the differentiation
of the Th1 cell phenotype, are produced by macrophages. In
addition, it has been reported that the inflammatory cytokine
TNF-a is required for the prompt resolution of pneumonic
legionellosis and points to a direct role for TNF-a in the
activation of phagocytes (33). Other inflammatory cytokines,
such as IL-6, are also known to control infections (5, 18). In
contrast, Th2 cytokines, particularly IL-10, may facilitate
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growth of L. pneumophila in permissive mononuclear phago-
cytes due in part to IL-10-mediated inhibition of TNF-a secre-
tion and IFN-g-mediated mononuclear phagocyte activation
(28). Nevertheless, all of these cytokines, IL-6, IL-10, IL-12,
TNF-a, and even IFN-g, are known to be produced by mac-
rophages in response to bacterial infections and may be in-
volved in the regulation of infection. Therefore, the modula-
tion of production of such key cytokines from macrophages
may eventually affect the outcome of the infection. Therefore,
in the present study, a macrophage infection model with L.
pneumophila (20) was used to determine the ability of EGCg to
modulate macrophage immune functions.

MATERIALS AND METHODS

Macrophages. The MH-S murine alveolar macrophage cell line, purchased
from the American Type Culture Collection (Manassas, Va.), was used in this
study. The cells were maintained in RPMI 1640 medium containing 10% heat-
inactivated fetal calf serum (FCS; Hyclone Laboratories, Logan, Utah). The
MH-S cells were allowed to adhere to 24-well tissue culture plates at a concen-
tration of 5 3 105 cells/ml for 2 h in 5% CO2 at 37°C. The resulting cell
monolayers were washed with Hanks’ balanced salt solution, supplied with 10%
FCS–RPMI 1640 medium without antibiotics, and then used for experiments.

Bacteria. L. pneumophila M124, serogroup 1, was originally obtained from a
case of fatal legionellosis (6). The bacteria were cultured on buffered charcoal
yeast extract (BCYE) medium (Becton Dickinson, Sparks, Md.) for 3 days at
37°C. The bacterial suspensions were prepared in pyrogen-free saline, and the
concentration of bacteria was determined by spectrophotometry.

Macrophage infection. The macrophage monolayers were infected with L.
pneumophila (infectivity ratio, 10 bacteria per cell) for 30 min, washed to remove
nonphagocytized bacteria, and incubated in RPMI 1640 medium containing 10%
FCS with no antibiotics. The cultures were then incubated for up to 48 h at 37°C
in 5% CO2.

Macrophage treatment. The macrophage cultures infected with bacteria were
treated with various concentrations (0, 0.5, 5, and 50 mg/ml) of EGCg (Calbio-
chem, San Diego, Calif.) for up to 48 h at 37°C in 5% CO2. In some experiments,
macrophage cultures infected with bacteria and treated or not with EGCg were
incubated with either anti-mouse TNF-a immunoglobulin G (IgG) (20 mg/ml),
anti-mouse IFN-g IgG (10 mg/ml), or control hamster IgG (Pharmingen, San
Diego, Calif.). The antibody concentrations used were previously confirmed to
show complete neutralization of cytokines produced in cultures (21).

Viable bacteria in cell cultures (CFU assay). The number of viable bacteria
(CFU) in cell lysates was determined by standard plate counts on BCYE me-
dium, as described previously (42). After incubation, the cell monolayers were
lysed with 0.1% saponin, and the number of viable bacteria in the lysates was
determined.

Direct antimicrobial activity. To evaluate direct anti-L. pneumophila activity
of EGCg, culture of L. pneumophila in bacterial medium with EGCg was per-
formed. In brief, AYE broth medium (7) with or without EGCg at various
concentrations was dispensed into culture flasks and then inoculated with L.
pneumophila at a final concentration of 5 3 103 bacteria/ml. After incubation for
24 or 48 h at 37°C, the number of viable bacteria (CFU) in the culture broth was
determined by standard plate counts on BCYE medium.

ELISA. The amount of IL-6, IL-10, IL-12 p40/p70, TNF-a, and IFN-g in the
culture supernatants of macrophage cultures were determined by sandwich en-
zyme-linked immunosorbent assay (ELISA) using matched antibody pairs and
protein standard for ELISA (BD Pharmingen) (IL-6, IL-10, IL-12, and IFN-g)
and Duoset ELISA development system (R & D Systems, Minneapolis, Minn.)
(TNF-a). Concentrations were calculated from the standard curve performed for
each plate.

RT-PCR. Total RNA was extracted from cells by the microspin technique with
the Rneasy minikit (Qiagen, Valencia, Calif.) in accordance with the manufac-
turer’s manual. Reverse transcription (RT) of total RNA (1 mg) was performed
with avian myeloblastosis virus transcriptase in a commercial reaction mixture
(Reverse Transcription System; Promega, Madison, Wis.). The resulting cDNA,
equivalent to 0.1 mg of starting RNA, was subjected to PCR with primers for
b2-microglobulin (BMG) and IFN-g, deoxynucleoside triphosphate mixtures,
and Ampli Taq Gold DNA polymerase (Perkin Elmer, Norwalk, Conn.). The
primer sequences for BMG were described previously (40). The sequences of the
primers for IFN-g were 59-CAT TGA AAG CCT AGA AAG TCT-39 (sense)
and 59-CTC ATG GAA TGC ATC CTT TTT CG-39 (antisense). The PCR was

performed in a Minicycler (MJ Research, Watertown, Mass.) for either 25 cycles
and 60°C annealing temperature (BMG) or 40 cycles and 55°C annealing tem-
perature (IFN-g). The first cycle consisted of 5 min of denaturation at 94°C, a
5-min annealing at either 60 or 55°C, and then 25 to 40 cycles each of 1.5 min at
72°C, 45 s at 94°C, and 45 s at the annealing temperature for each primer, with
a final extension of 10 min at 72°C. The PCR products were analyzed on an
ethidium bromide-stained 2% agarose gel.

Statistical analysis. Statistical analysis was performed using a repeated-mea-
sures analysis of variance.

RESULTS

Effect of EGCg on L. pneumophila growth in macrophages.
Since it is known that the growth of L. pneumophila in mac-
rophages is dependent on the activation of host macrophages
(41), treatment of macrophages with EGCg may alter the
growth of L. pneumophila in cells if EGCg has any immuno-
modulatory activity related to the antibacterial activity of mac-
rophages. As evident in Fig. 1, treatment of macrophages with
EGCg after infection with bacteria induced an inhibition of the
growth of L. pneumophila in the cells in a dose-dependent
manner. A marked inhibitory effect of EGCg for L. pneumo-
phila growth occurred at a dose of 5 mg/ml at 24 h after
infection. Even as little as 0.5 mg/ml significantly inhibited L.
pneumophila growth at 48 h after infection. However, the in-
hibitions observed were not due to a killing effect, since the
number of viable bacteria in EGCg-treated macrophages was
substantial even with an EGCg concentration as high as 50
mg/ml.

Direct antibacterial effect of EGCg on L. pneumophila. In
order to determine whether EGCg has direct antibacterial

FIG. 1. Effect of EGCg on L. pneumophila growth in MH-S mac-
rophage cells. Macrophage monolayers were infected with L. pneumo-
phila for 30 min, and then various concentrations of EGCg were
added. The number of viable bacteria in macrophages was determined
by the standard plate count method. Data represent the mean CFU 6
standard deviation (SD) for triplicate macrophage cultures. The data
presented are representative of three experiments. p, P , 0.05, signif-
icantly different from the control group at the same time point.
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activity on L. pneumophila, the growth of L. pneumophila in
liquid bacterial medium without host cells in the presence and
absence of EGCg (0.5 to 50 mg/ml) was examined. As shown in
Fig. 2, EGCg could not alter L. pneumophila growth in the
bacterial medium regardless of the concentration tested. Even
as much as 500 mg of EGCg/ml did not result in any alteration
of L. pneumophila growth in the liquid medium (data not
shown). Thus, these results indicate that EGCg does not have
any direct anti-L. pneumophila activity at the concentrations
tested.

Effect of EGCg on macrophage cytokine production induced
by L. pneumophila infection. From the previous results, it
seemed likely that EGCg could inhibit L. pneumophila growth
due to macrophage activation. In order to determine such a
possibility, the effect of EGCg on the production of macro-
phage cytokines was examined. As shown in Fig. 3, treatment
of macrophages with EGCg alone slightly induced macrophage
IL-6 and TNF-a protein production at a high EGCg concen-
tration, such as 50 mg/ml, but this was not significant. EGCg
treatment of macrophages also did not induce any macrophage
IL-10 and IL-12 production. However, EGCg markedly up-
regulated the production of TNF-a and IL-12 induced by L.
pneumophila infection, even at a concentration as low as 0.5
mg/ml in the case of TNF-a. In contrast, IL-10 production
induced by L. pneumophila infection was strongly downregu-
lated by EGCg in a dose-dependent manner. On the other
hand, the production of IL-6 induced by L. pneumophila in-
fection was not affected by EGCg, even at a concentration as
high as 50 mg/ml. EGCg at 50 mg/ml also did not induce any
detectable IFN-g, as determined by ELISA (lower detection

limit, 32 pg/ml) in the culture supernatants of macrophages
uninfected or infected with L. pneumophila.

Involvement of enhanced cytokine production in inhibition
of L. pneumophila growth by EGCg. Since both endogenous
and exogenous TNF-a and IFN-g are known to activate mac-
rophages to inhibit L. pneumophila growth (16, 19, 21, 27), the
involvement of enhanced TNF-a and IFN-g, which was not
detected in the culture supernatants by ELISA, in EGCg-
induced L. pneumophila growth inhibition was examined by
neutralization with specific antibodies to these cytokines. Mac-
rophages infected and treated with EGCg (50 mg/ml) were
incubated with either anti-TNF-a antibody, anti-IFN-g anti-
body, or control IgG, and the number of viable bacteria in the
cultures was then determined at 24 and 48 h after incubation.
As shown in Fig. 4, treatment of macrophages with anti-TNFa
antibody almost completely abolished the growth-inhibitory
effect of EGCg at 24 h after infection. However, this abolish-
ment effect of anti-TNF-a antibody decreased at 48 h after
infection, since the number of viable bacteria in the infection-
only control cultures increased but not in the anti-TNF-a an-
tibody-treated macrophage cultures. Furthermore, the control
anti-TNF-a-treated macrophages without EGCg showed more
viable bacteria in the cultures at 48 h after infection. This
enhancement of bacterial growth in anti-TNF-a antibody-
treated macrophages has been observed previously as the re-
sult of neutralization of self-produced cytokines during infec-
tion (21). Therefore, the abolishment of the EGCg-induced
growth-inhibitory effect by anti-TNF-a antibody was partial at
48 h after infection compared with the control anti-TNF-a
antibody-treated macrophages. In contrast, anti-IFN-g treat-
ment of macrophages showed a partial abolishment of the
EGCg-induced growth inhibition at 24 h after infection (Fig.
4). However, at 48 h after infection, anti-IFN-g antibody treat-
ment showed almost complete abolishment of the EGCg-in-
duced growth inhibition. As observed in the control anti-
TNF-a antibody-treated macrophages, the control anti-IFN-g
antibody treated-macrophages also showed an increase in the
number of viable bacteria in the cells at 48 h after infection.
The control IgG-treated macrophages did not show alteration
of the EGCg-induced growth inhibition.

Effect of EGCg on IFN-g mRNA expression induced by L.
pneumophila infection. Since treatment with anti-IFN-g anti-
body induced a marked abolishment of the EGCg-induced
growth inhibition, steady-state levels of IFN-g mRNA in mac-
rophages infected with L. pneumophila unstimulated and stim-
ulated with EGCg were analyzed by RT-PCR. As shown in Fig.
5, mRNA for IFN-g was detected in L. pneumophila-infected
cells at 24 h after infection, but not at 6 h. Moreover, when the
macrophages were infected and treated with EGCg (50 mg/ml),
a remarkable enhancement of IFN-g mRNA accumulation was
observed. EGCg (50 mg/ml) alone did not induce any IFN-g
mRNA in macrophages at either 6 or 24 h after treatment
(data not shown).

Effect of cytokine neutralization on immunomodulatory ac-
tivity of EGCg on cytokine production induced by L. pneumo-
phila. In order to analyze the effect of TNF-a and IFN-g
neutralization by antibodies on the EGCg (50 mg/ml)-induced
cytokine modulation of L. pneumophila-infected macrophages,
IL-10, IL-12, and TNF-a production in antibody-treated mac-
rophages was analyzed. As shown in Fig. 6, treatment of mac-

FIG. 2. Direct antibacterial effect of EGCg on L. pneumophila
growth. AYE broth medium with various concentrations of EGCg was
dispensed into culture flasks, and L. pneumophila (5 3 103/ml) was
added. After incubation, the number of viable bacteria in broth was
determined by the standard plate count method. Data represent the
mean CFU 6 SD for triplicate macrophage cultures. The data pre-
sented are representative of three experiments.
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rophages with anti-TNF-a antibody almost completely neutral-
ized TNF-a that was detected only minimally by ELISA.
However, neither the upregulation of IL-12 nor the downregu-
lation of IL-10 by EGCg was altered by anti-TNF-a antibody
treatment at any time tested. The anti-IFN-g antibody treat-
ment did not affect the upregulation of TNF-a production at
any time or of IL-12 production at 24 h after infection, but
significantly reduced the IL-12 production upregulated by
EGCg treatment at 48 h after infection. The downregulated
IL-10 production was not affected by treatment with anti-
IFN-g antibody.

DISCUSSION

In the present study, the ability of EGCg to modulate mac-
rophage immune functions was examined in vitro using L.
pneumophila-infected MH-S murine alveolar macrophage
cells. The results clearly indicated that EGCg strongly inhibits
L. pneumophila growth in macrophages at a concentration as
low as 0.5 mg/ml. Previous studies have shown that EGCg has
direct antimicrobial activity against a variety of pathogens (12,
34, 35, 38), but the inhibitory activity required relatively high

concentrations. For example, the MICs of EGCg for Staphy-
lococcus aureus and Escherichia coli were 73 and 183 mg/ml,
respectively (12). In the present study, L. pneumophila did not
show any susceptibility to EGCg in bacterial culture medium,
even at a concentration as high as 500 mg/ml. However, a
possible direct effect of EGCg on the growth of L. pneumophila
may not be completely ruled out due to the limited experimen-
tal conditions used in this study. Nevertheless, it seems very
likely that L. pneumophila may be resistant to the direct anti-
bacterial effect of EGCg. In contrast, EGCg induced a strong
indirect anti-L. pneumophila activity mediated by host cell ac-
tivation. Nakayama et al. reported that EGCg has a strong
anti-influenza virus activity at relatively low concentrations,
such as 0.5 mg/ml, showing a significant inhibition of plaque
formation induced by influenza virus (26). The mechanism
proposed for the anti-influenza virus activity of EGCg was
inhibition of virus adsorption to host cells by EGCg, because
EGCg bound to the hemagglutinin of the influenza virus, fol-
lowed by inhibition of hemagglutination by viruses (26). There-
fore, the inhibition mechanism of L. pneumophila growth in
macrophages by EGCg demonstrated in this study seems to be

FIG. 3. Effect of EGCg on macrophage cytokine production induced by L. pneumophila infection. The production of IL-6, IL-10, IL-12 p40/p70,
and TNF-a protein in the supernatants obtained from the macrophage cultures at 24 h after infection was measured by ELISA. Open columns,
noninfected control group; solid columns, L. pneumophila-infected group. Results are expressed as means 6 SD for three independent experi-
ments. p, P , 0.05, significantly different from the non-EGCg-treated L. pneumophila infection group.
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different from the anti-influenza virus activity reported for
EGCg.

As evident in this study, EGCg markedly modulated the
immune response of macrophages to L. pneumophila infection
and resulted in the inhibition of bacterial growth in the cells.
The main effector molecules responsible for the inhibition may
be TNF-a and IFN-g produced by macrophages. This conclu-
sion is consistent with previous reports that both TNF-a and
IFN-g are strong activators for macrophages to induce anti-L.
pneumophila activity (2, 16, 19, 21, 27). However, the neutral-
ization experiments with anti-TNF-a antibody did not result in
complete abolishment of the EGCg-induced anti-L. pneumo-
phila activity at 48 h after infection. It can be conjectured,

therefore, that TNF-a may only partially be involved in the
anti-L. pneumophila activity of macrophages induced by EGCg
in the late phase of infection, such as 48 h after infection. In
contrast, IFN-g may be effective mainly in the late phase of

FIG. 4. Effect of TNF-a and IFN-g neutralization treatment on
EGCg-induced anti-L. pneumophila growth activity of macrophages.
See the legend to Fig. 1. Infected macrophages were untreated or
treated with EGCg (50 mg/ml), and either control IgG (20 mg/ml),
anti-mouse TNF-a IgG (20 mg/ml), or anti-mouse IFN-g IgG (10
mg/ml) was added. The data represent the mean CFU 6 SD for
triplicate macrophage cultures. The data presented are representative
of three experiments. p, P , 0.05, significantly different from the
EGCg-alone group at the same time point. pp, P , 0.05, significantly
different from the EGCg- and anti-mouse TNF-a IgG-treated group at
the same time point. ppp, P , 0.05, significantly different from the
EGCg- and anti-mouse IFN-g IgG-treated group at the same time
point.

FIG. 5. Effect of EGCg on IFN-g mRNA expression induced by L.
pneumophila infection. Macrophage monolayers were infected with L.
pneumophila (Lp) and incubated in the presence or absence of EGCg
(50 mg/ml). The expression of mRNA for BMG and IFN-g was deter-
mined by RT-PCR, as described in Materials and Methods.

FIG. 6. Effect of TNF-a and IFN-g neutralization treatment on
macrophage cytokine production induced by L. pneumophila infection
under stimulation with EGCg (50 mg/ml). See the legend to Fig. 4. The
production of IL-10, IL-12 p40/p70, and TNF-a protein in the super-
natants obtained from the macrophage cultures at 24 h after infection
was measured by ELISA. Open columns, L. pneumophila infection
control group; solid columns, L. pneumophila infection and EGCg
stimulation group; dark shaded columns, L. pneumophila infection,
EGCg stimulation, and TNF-a neutralization group; light shaded col-
umns, L. pneumophila infection, EGCg stimulation, and IFN-g neu-
tralization group. Results are expressed as means 6 SD for three
independent experiments. p, P , 0.05, significantly different from the
L. pneumophila infection and EGCg stimulation group.
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infection, such as 48 h after infection, rather than the early
phase (24 h) of infection, because neutralization experiments
with anti-IFN-g antibody indicated that the partial abolish-
ment of the EGCg-induced antibacterial activity was observed
at the early infection phase but almost complete abolishment
was observed at 48 h after infection. Such different involve-
ment of TNF-a and IFN-g in the anti-L. pneumophila activity
in the different infection phases seems likely to be linked to the
limited effect of EGCg on bacterial growth in macrophages,
which showed that the antibacterial activity of EGCg plateaus
at 24 h (Fig. 1). Nevertheless, these results suggest that both
TNF-a and IFN-g might be involved in the anti-L. pneumo-
phila activity of macrophages induced by EGCg.

The production of IFN-g in the culture supernatants of
macrophages infected with L. pneumophila and stimulated
with EGCg could not be detected by ELISA. However, the
enhanced expression of mRNA for the IFN-g gene in the
macrophages stimulated with EGCg was observed. Further-
more, treatment of macrophages with anti-IFN-g antibody in-
hibited the EGCg-induced anti-L. pneumophila activity. From
these results, it seems likely that even the amount of IFN-g
induced by EGCg in response to L. pneumophila, although low
and not detected by ELISA, may be involved in the EGCg-
induced anti-L. pneumophila activity. While it is generally con-
sidered that NK cells and activated T lymphocytes are the
major source for IFN-g, current studies indicate that macro-
phages also produce IFN-g (4, 8, 23, 29). Therefore, IFN-g
produced by macrophages may have an important role in the
course of infection.

The EGCg treatment also modulated the production of
IL-10 (downregulation) and IL-12 (upregulation) of L. pneu-
mophila-infected macrophages. The cytokine IL-10 has been
shown to exhibit important deactivating effects on macro-
phages in murine models of L. pneumophila (28), leishmanial
(1), and mycobacterial (3) infections. Moreover, it is known
that IL-10 is secreted by L. pneumophila-infected monocytes
and alveolar macrophages, enhances bacterial growth, reverses
the protective effect of IFN-g, and blocks the secretion of
TNF-a by infected cells (28). Therefore, downregulation of
IL-10 by EGCg is likely to be involved in the EGCg-induced
anti-L pneumophila activity of macrophages. However, such
modulation may not be directly involved in the EGCg-induced
anti-L. pneumophila activity of macrophages in vitro, since the
diminution in anti-L. pneumophila activity was not associated
with a change in IL-10 production.

IL-12 plays a key role in the development of Th1 responses,
leading to IFN-g production (36). Therefore, the suppression
of IL-12 production by the IFN-g neutralization treatment
observed at 48 h after infection seems likely to indicate an
involvement of IL-12 in the EGCg-induced anti-L. pneumo-
phila activity. However, such a possibility is also less likely due
to the absence of other immune cells in the in vitro experi-
mental system used. Nevertheless, it is obvious that EGCg
could modulate the IL-10 and IL-12 production of infected
macrophages and may have the potential to cause further im-
munomodulation in the immune system.

It has been reported that EGCg itself induces TNF-a from
peripheral blood mononuclear cells (31). However, in the
present study, EGCg alone did not induce any significant in-
duction of cytokines, including TNF-a. This discrepancy may

be due to the different cells used. The modulation of cytokine
production of L. pneumophila-infected macrophages by EGCg
was specific for certain cytokines, such as TNF-a, IFN-g, IL-10,
and IL-12, but not IL-6. Similar observations regarding mod-
ulation of cytokine production by EGCg was also seen in mac-
rophages stimulated with bacterial lipopolysaccharide (unpub-
lished data). Therefore, the immunomodulatory effect of
EGCg on macrophages may not be unique for infected mac-
rophages. Further study to elucidate the mechanism(s) of the
immunoregulation of macrophages by EGCg is under way.

The immunomodulatory effect of antimicrobial agents on
immune cells, such as monocytes and lymphocytes, has been
increasingly highlighted. In particular, the effects of macrolide
as well as fluoroquinolone antibiotics on immune responses
have been extensively studied (15, 17, 22, 30, 32). However, the
most important immunomodulatory activity of these antibiot-
ics is an anti-inflammatory activity, such as suppressed cytokine
production by immune cells. In this regard, the finding of
anti-L. pneumophila activity of macrophages mediated by en-
hanced production of some cytokines by EGCg, which is not a
chemotherapeutic agent or an antibiotic, may introduce a pos-
sible new alternative direction for treatment of bacterial infec-
tions.

In summary, we demonstrated that EGCg induces an anti-L.
pneumophila activity of macrophages at a low dose without
direct antimicrobial effect. EGCg selectively upregulated the
production of IL-12 and TNF-a and downregulated IL-10 pro-
duction, but did not modulate IL-6 production induced by L.
pneumophila infection. Upregulation of the production of
IFN-g by EGCg was also conjectured. Moreover, neutraliza-
tion treatment of both TNF-a and IFN-g significantly abol-
ished the anti-L. pneumophila activity of EGCg. These findings
indicate that macrophages may be activated by EGCg to inhibit
L. pneumophila growth in the cells by upregulated TNF-a and
IFN-g production. This enhancement of the anti-L. pneumo-
phila activity of EGCg may not involve modulation of IL-10
and IL-12 production.
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