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IgE plays a key role in the pathogenesis of allergic
disease. Interleukin (IL) 4 is a potent and critical stim-
ulator of immunoglobulin class switching from IgM to
IgE in B cells. IL-4 induces the expression of € germ-
line transcript (e¢GT), which is critical to initiate IgE
production. While searching for molecules that inhibit
eGT expression induced by IL-4, we found that poly-
phenol strictinin, which was isolated from tea leaves,
was able to inhibit the IL-4-induced eGT expression in
the human B cell line DND39. Strictinin also acted on
human peripheral blood mononuclear cells obtained
from healthy donors to inhibit IL-4-induced eGT ex-
pression. Strictinin demonstrated similar inhibitory
activity in peripheral blood mononuclear cells ob-
tained from atopic donors. Interestingly, strictinin de-
creased ovalbumin-induced IgE production in mice,
whereas the production of IgG and IgM was not af-
fected. Furthermore, we found that the IL-4-induced
STAT6 tyrosine phosphorylation, which is essential
for IL-4-induced £GT expression, was inhibited in
DND39 cells upon treatment with strictinin. Taken
together, these results suggest that strictinin can in-
hibit IgE production through the inhibition of IL-4-
mediated signaling in B cells. © 2001 Academic Press
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Immunoglobulin (Ig) E is believed to be one of the
major mediators of immediate hypersensitivity reactions
that underlie atopic conditions such as urticaria and ec-
zema, seasonal allergy, food allergy, asthma, and ana-
phylaxis (1). In many individuals, total serum IgE level
correlates roughly with the severity of the disease (2).
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The Ig heavy chain gene segments encodes constant
regions which rearrange by class switch recombination
resulting in the production of one of other isotypes
(3, 4). Induction of isotype switching to a particular
heavy chain constant region correlates with the tran-
scriptional activation of that particular gene in germ-
line configuration (5). Induction of germline transcripts
is necessary to target a switch region for recombination
and switching. In the case of IgE class switching, In-
terleukin (IL) 4 activates the & germline promoter,
which leads to the expression of & germline transcrip-
tion (¢GT) through the tyrosine phosphorylation path-
way to activate the signal transducers and activators of
transcription (STAT) 6 molecule (6, 7). Transgenic mice
deficient in STAT®6 fail to produce IgE in response to
extracellular pathogens (8). These findings strongly
suggest that the expression of ¢GT is essential for the
IgE production, and the inhibitors of eGT expression
can suppress the initiation of IgE synthesis by inhib-
iting IgE class-switch recombination (9).

Tea (Camellia sinensis), one of today’s most popular
beverages, contains various substances. A number of
studies have shown that tea has a wide range of bio-
logical effects such as anticarcinogenesis and antioxi-
dation (10, 11). Recently, novel catechin derivatives
with potent antiallergic activity have been found in tea
leaves (12, 13). Therefore we focused on tea leaves as a
promising source for effective antiallergic agents. To
search for molecules that are able to suppress IgE
synthesis, we examined various substances purified
from tea for their effect on IL-4-mediated sGT expres-
sion. In this paper, we report the identification of an
IgE production-inhibitory molecule found in tea leaves.
Strictinin (14, 15), a polyphenol in tea, effectively in-
hibited IL-4-mediated ¢GT expression and antigen-
specific IgE production in vivo.
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MATERIALS AND METHODS

Preparation of tea extract. Tea leaves were obtained from the
National Research Institute of Vegetables, Ornamental Plants, and
Tea in Shizuoka, Japan. Freshly picked tea leaves were dried and
stored in a refrigerator before analysis. The extraction and isolation
of tea substances were performed according to the method previously
reported (16).

Cells and cell culture. The human EBV-negative Burkitt's lym-
phoma cell line DND39 cells (17) were maintained at 37°C with 5%
CO, in RPMI 1640 medium supplemented with 5% fetal calf serum
(Intergen, Purchase, NY), 100 U/ml penicillin G, 100 mg/ml strepto-
mycin, and 10 mM Hepes buffer. The peripheral blood mononuclear
cells (PBMC) were isolated from heparinized peripheral blood of
healthy donors or allergic (atopic dermatitis) patients. After centrif-
ugation over Ficoll-Hypaque, the cells were suspended in RPMI 1640
medium containing 10% fetal calf serum. To assess ¢eGT expression,
DND39 cells or PBMC were cultured at a final density of 1 X 10°
cells/ml in RPMI 1640 medium containing 5 or 10% fetal calf serum
for 48 h with the following reagents: IL-4 (R&D Systems Inc.) at 25
U/ml, TGF-B (R&D Systems Inc.) at 2 ng/ml. For the phosphorylation
assay, DND39 cells were treated with strictinin (0, 25, 50, and 100
uM) in the presence of IL-4 (250 U/ml) for 30 min.

Modulation of ovalbumin-induced IgE production in mice treated
with strictinin. Female 6-week-old C57BL/6J mice (Seiwa Experi-
mental Animals, Japan) were injected intraperitoneally with 10 ug
ovalbumin (Sigma; grade 1V) and 1 mg aluminum hydroxide (LSL
Inc., Japan) to favor specific IgE response (18). Mice were adminis-
tered 200 ul of water containing (+) or not containing (=) 0.5 mg
strictinin every 2 days for 8 days. At 2 months after immunization,
levels of ovalbumin-specific IgE, IgM, and 1gG were measured in sera
by ELISA. Specific IgE, IgM, and IgG antibody were quantified using
the horseradish peroxidase-conjugated antibody. Sera samples were
diluted at 1:18 for specific IgE, 1:4500 for specific IgM, and 1gG.

Primers. Primer sequences used in this experiment are as follows:
PeGT-F, 5-AGGCTCCACTGCCCGGCACAGAAAT-3'; PeGT-R, 5'-
ACGGAGGTGGCATTGGAGGGAATGT-3"; PGAPD-F, 5'-GCTCAGA-
CACCATGGGGAAGGT-3"; PGAPD-R, 5'-GTGGTGCAGGAGGCATT-
GCTGA-3'.

Analysis of eéGT expression. Total RNA was isolated from the
cultured cells using Trizol reagent (GIBCO/BRL) according to the
manufacturer’s instructions. Ten micrograms of the total RNA was
reverse transcribed to cDNA using 20 units of MMLV-reverse tran-
scriptase (Amersham, UK) and 0.5 g of (dT), primer in a reaction
volume of 20 ul. When synthesizing cDNA for detection of eGT, 1 uM
of the PeGT-R which is an anti-sense direction primer for eGT, was
used for reverse transcription. RT-PCR was performed in a 10 ul
reaction volume using 0.5 unit of AmpliTaq Gold DNA polymerase
(Perkin-Elmer Cetus), 1 mM concentration of each deoxynucleotides
(Amersham, UK), 1 uM of the appropriate primer (PcGT-F and
PeGT-R for ¢GT, or PGAPD-F and PGAPD-R for GAPDH), and 0.5 or
0.05 ng of total RNA-equivalent cDNA. Samples were predenatured
at 95°C for 9 min followed by amplification at 95°C for 30 s, 60°C for
30 s, and 72°C for 30 s for 13 cycles (¢GT) or 10 cycles (GAPDH),
followed by a final 7 min extension step at 72°C. The amplified PCR
products were subjected to electrophoresis on a 1.5% agarose gel, trans-
ferred to a Hybond-N* membrane (Amersham) followed by hybridiza-
tion using Gene Images (Amersham) according to the manufacturer’s
instructions. Specific probes for eGT and GAPDH genes were made by
labeling the following DNA: eGT, 5-AGCTGTCCAGGAACCCGA-
CAGGGAG-3'; GAPDH, PCR-amplified GAPDH genes (19).

Immunoprecipitation and Western blotting. Cells were lysed in
lysis buffer (2 x 107 cells/ml) containing 10 mM Tris—HCI (pH 7.6),
50 mM NaCl, 200 mM sodium orthovanadate, 0.5% Triton-X 100, 1
mM phenylmethylsulfonyl fluoride, and 5 pwg/ml aprotinin. The cell
extracts were passed once through a protein A-Sepharose (Pharma-
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cia Biotech Inc.). After the addition of anti STAT6 antibodies (Santa
Cruz), the reactions were then allowed to continue for 4 h at 4°C. To
remove the antibody-antigen complexes, prewashed protein
A-Sepharose was added to the reaction. After incubation for 1 h, the
complexes were removed by centrifugation and washed extensively
with buffer containing 0.5% NP-40, 25 mM Tris—HCI (pH 7.6), and
150 mM NacCl. Samples were prepared by the addition of an equal
volume of 1 X SDS-PAGE buffer containing 2% 2-mercaptoethanol
to the washed resin and boiling for 5 min before electrophoresis
through 8% SDS—-PAGE. For Western blot analysis, the immunopre-
cipitated proteins were subjected to SDS-PAGE and electrotrans-
ferred onto nitrocellulose membranes (Schleicher & Schuell). Anti-
body to phosphotyrosine (PY20) (Santa Cruz) or STAT6 was added at
optimal concentrations and the blots were incubated for 1 h at room
temperature. The immunoreactive proteins were visualized using
horseradish peroxidase-conjugated goat anti-mouse 1gG (Zymed) and
the chemiluminescence reagent (ECL) (Amersham). Stripping of ni-
trocellulose membranes was performed as described by the manu-
facturer (Amersham).

RESULTS

Identification of an Inhibitor for IL-4-Induced eGT
Expression in Tea

Selective inhibition of IgE by B cells would have
great therapeutic potential. Therefore, we tried to
identify inhibitory molecules for IL-4-induced GT ex-
pression, which is critical for initiation of IgE produc-
tion. For screening, we used the human B cell line
DND39, which has been shown to express eGT upon
IL-4 stimulation (17). DND39 cells were treated with
IL-4 (25 U/ml) and/or tea samples (10 ug/ml) for 48 h, and
then assessed for levels of eGT by quantitative polymer-
ase chain reaction after first being reversed transcribed.
The extract from green tea was fractionated into five
separate fractions by successive extraction with the fol-
lowing organic solvents: methanol (fraction I), chloroform
(fraction 11), ethylacetate (fraction I11), n-butanol (frac-
tion 1V), and water (fraction V) (Fig. 1A). These fractions
were then assessed for the inhibitory effect on IL-4-
mediated eGT expression in the DND39 cells (Fig. 1B).
The ethylacetate fraction (polyphenol-rich) was found to
have a significant suppressive effect (Fig. 1B, lane 7). We
therefore proceeded to purify the ethylacetate fraction.
Various tea substances (10 ug/ml) obtained from the
ethylacetate fraction were tested, and at least two sub-
stances were found to be able to reduce the IL-4-
induced eGT expression. A representative result is
shown in Fig. 2A. One of the substances (Fig. 2A, lane
4) was determined to be strictinin (1-O-galloyl-4,6-(—)-
hexahydroxydiphenoyl-B-p-glucose) (14, 15) by proton
nuclear magnetic spectrometry and carbon-13 nuclear
magnetic spectrometry analysis and the structure of
strictinin is shown in Fig. 2B.

Strictinin Inhibits IL-4-Induced ¢GT Expression
in DND39 Cells

DND39 cells were treated with IL-4 (25 U/ml) with
or without strictinin (1, 10, and 25 uM) for 48 h, and
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FIG. 1. Screening a tea extract fraction to detect inhibitory activity for IL-4-induced ¢GT expression. (A) Flow chart describing how the
extraction of tea leaves was performed. (B) The human B cell line DND39 was treated with the each extract fraction (10 pg/ml) in the
presence of 1L-4 (25 U/ml) for 48 h, and then assessed for levels of eGT by quantitative reverse transcriptase (RT)-PCR followed by Southern
hybridization. Dilutions of 0.5 or 0.05 ug of total RNA-equivalent specific primer-primed cDNA were used as templates for the PCR
amplification. GAPDH gene amplification followed by Southern hybridization was simultaneously performed as a gel loading control. The
amount of the eGT from DND39 cells treated with IL-4 only (columns 2, 6, and 9; 0.5 ng RNA) was used as the 100% standard for columns
3 and 4 (Fr. | and Il), columns 7 and 8 (Fr. Ill and 1V), and column 10 (Fr. V), respectively.
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Identification of an inhibitor for eGT expression. (A) DND39 cells were treated with or without substances (each 10 ug/ml) isolated from

the ethylacetate fraction (fraction I11) shown in Fig. 1B in the presence of IL-4 (25 U/ml) for 48 h. Evaluation of the production levels of ¢GT by
quantitative RT-PCR was done as described in Fig. 1. GAPDH gene amplification was simultaneously performed as a gel loading control. TGF-
(2 ng/ml), which is known to down-regulate eGT expression, was used as a positive suppressor control (lane 3). The amount of eGT produced in
DND39 cells stimulated with IL-4 only (column 2, 0.5 ug RNA) was used as the 100% standard. (B) The structure of strictinin.

then assessed for ¢GT expression (Fig. 3). TGF-B,
which is known to down-regulate eGT expression in the
DND39 cells (17), was used as the positive suppressor
control. TGF-B (2 ng/ml) completely inhibited the IL-
4-induced eGT expression as previously shown (17).
Strictinin dose-dependently inhibited IL-4-induced
eGT expression. No cytotoxicity of strictinin was seen
at any of the concentrations tested.

The Effect of Strictinin on eGT Expression in Human
Peripheral Blood Mononuclear Cells

Based on the observation that strictinin was able to
suppress IL-4-induced eGT expression in DND39 cells,
we tested the effect of strictinin on the expression of
eGT in human peripheral blood mononuclear cells ob-
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tained from either healthy or atopic donors. A repre-
sentative result for 25 uM of strictinin is shown in Fig.
4. We found that strictinin inhibited IL-4-induced ¢GT
expression in the cells from healthy donors. Interest-
ingly, cells isolated from atopic donors were able to
express ¢GT without additional IL-4 stimulation. In
the presence of IL-4, strictinin was also able to inhibit
eGT expression. Thus, one can speculate that strictinin
may have therapeutic applications on the inhibition of
IgE production in vivo.

Strictinin Inhibits Antigen-Specific IgE Production

in Vivo

The in vitro findings were extended to the in vivo
mouse model (Fig. 5). Mice were first treated with
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Inhibition of IL-4-induced ¢GT expression in the human B cell line DND39 by strictinin. DND39 cells were treated with or

without strictinin (1, 10, and 25 pM) in the presence of IL-4 (25 U/ml) for 48 h, and then assessed for levels of ¢éGT as described in Fig. 1.
GAPDH gene amplification was simultaneously performed as a gel loading control. TGF-3 (2 ng/ml) was used as a positive suppressor control.
The amount of the ¢éGT produced in DND39 cells stimulated with IL-4 only (0.5 ng RNA) was used as a 100% standard.

ovalbumin to induce an IgE response and were then
administrated 200 ul of water containing or not con-
taining 0.5 mg strictinin every 2 days for 8 days. The
amount of ovalbumin-specific IgE was shown to be
reduced for the strictinin administered mice as com-
pared with the water only control mice. Moreover, the
amount of other allergen-specific Ig isotypes (IgG and
IgM) was not significantly affected. These results sug-
gest that in vivo strictinin selectively down-regulates
the production of antigen-specific IgE antibody, which
is the isotype regulated by IL-4.

Strictinin Inhibits IL-4-Induced STAT6 Tyrosine
Phosphorylation

To examine the mechanism responsible for the sup-
pression of IL-4-induced eGT expression by strictinin,
DND39 cells cultured in the presence of IL-4 were
treated with strictinin in a range of 25-100 uM. STAT6
was immunoprecipitated, and assayed by Western blot
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analysis for tyrosine phosphorylation (Fig. 6). No ty-
rosine phosphorylated STAT6 was observed in the un-
stimulated control, and phosphorylation occurred
when exogenous IL-4 was added. However, STAT6 ty-
rosine phosphorylation was shown to be reduced in
strictinin-treated cells in a dose-dependent manner.
Reblotting of the same blot membrane for STAT6
showed that changes in tyrosine phosphorylation were
not due to a loss of protein expression. This observation
suggest that strictinin inhibits STAT6 tyrosine phos-
phorylation, which in turn blocks eGT expression and
the subsequent IgE class switching necessary for driv-
ing IgE production.

DISCUSSION

IgE plays a key role in the pathogenesis of allergic
disease. IL-4 is critical for the synthesis of IgE in B
cells. Inhibition of IL-4 may therefore be effective in
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FIG. 4. Strictinin inhibits IL-4-induced ¢GT expression in human peripheral blood mononuclear cells. The peripheral blood
mononuclear cells from either healthy or atopic donors were treated with IL-4 (25 U/ml) with or without strictinin (25 uM) for 48 h,
and then assessed for levels of eGT as described in Fig. 1. GAPDH gene amplification was simultaneously performed as a gel loading

control.

inhibiting allergic diseases. In the current study, we
identified strictinin as a inhibitory molecule that
inhibits IL-4-induced ¢GT expression and IgE pro-
duction.

Strictinin is a member of the broad class of hydro-
lyzable vegetable extracts known as ellagitannins (20).
The ellagitannins, the structures of which bear at least
one axially chiral diphenic acid unit, are found in
plants and are reported to have important biological
activities such as anti-HIV, antitumor, anti-topo-
isomerase activity (21-24). However, no information in
currently available about the effects of not only stric-
tinin but also other ellagitannins on immunoglobulin
synthesis as well as the immune system in vivo. To our
knowledge, this is a first report that demonstrates the
effects of ellagitannins on IL-4-mediated signaling and
IgE production.

Tea leaves contain many polyphenols known as cat-
echins, including epicatechin gallate and epigallocat-
echin gallate (25). Strictinin, like the two catechins,
have one galloyl group. Surface plasmon resonance
analysis revealed that strictinin and the two catechins
can bind to the cell surface of DND39 cells (unpub-
lished result). However, these catechins were shown to
not be able to suppress the IL-4-induced ¢GT expres-
sion (data not shown). The defining structural feature
of strictinin that is different from the two catechins is
a hexahydroxydiphenoyl moiety. Whether or not other
substances possessing the hexahydroxydiphenoyl moi-
ety similar to strictinin can suppress IgE production
through inhibiting IL-4-induced eGT expression is an
interesting possibility that needs to be explored in fu-
ture studies.

We have shown that strictinin is able to inhibit IL-
4-induced STAT6 tyrosine phosphorylation. When
STATG6 is phosphorylated upon IL-4 treatment, the
phosphorylated form of STAT6 translocates to the nu-
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cleus where it can activate the transcription of IL-4-
responsive genes (26, 27). Therefore, the inhibition of
IL-4-induced ¢GT expression by strictinin may be due
to the inhibition of STAT6 tyrosine phosphorylation.
Several mechanisms by where STAT6 tyrosine phos-
phorylation is affected have been previously shown
(28). Further experiments are necessary to determine
the exact target point of strictinin in the STAT6 ty-
rosine phosphorylation pathway which leads to IgE
production in B cells.

In summary, our data show that the strong suppres-
sion of IL-4-induced GT expression as well as
allergen-specific IgE production is caused by the addi-
tion of strictinin, and that the inhibition of eGT expres-
sion may occur through inhibition of STAT6 tyrosine
phosphorylation. These findings also highlight the
therapeutic potential of strictinin and its analogues as
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FIG.5. Oral administration of strictinin decreases specific IgE
antibody response in ovalbumin-immunized mice. C57BL/6J mice
injected intraperitoneally with ovalbumin were administrated
200 pl of water containing (+) or not containing (—) 0.5 mg
strictinin every 2 days for 8 days. Two months after immuniza-
tion, the amount of ovalbumin-specific IgE, IgM, and 1gG in the
sera was measured. Results are expressed in OD values. Results
from one set of experiments with four mice per group are pre-
sented.
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FIG. 6. Strictinin inhibits tyrosine phosphorylation of STAT6. DND39 cells were treated with strictinin (0, 25, 50, and 100 ©M) in the presence
of IL-4 (250 U/ml) for 30 min as indicated. STAT6 was immunoprecipitated, separated on a 8% SDS-PAGE, and immunoblotted with the
anti-phosphotyrosine antibody. Shown in the lower panel are protein levels from the same filter blotted again with the anti-STAT6 antibody.

potential pharmaceutical agents that may be useful to
inhibit the progression of IgE-mediated disease such as
food allergy.

ACKNOWLEDGMENTS

This work was supported in part by Grants from the Program for
Promotion of Basic Research Activities for Innovative Biosciences
(PROBRAIN). The authors thank Perry Seto for checking the manu-

script.
REFERENCES
1. Holgate, S. T. (1999) The allergy and asthma. Nature

10.

11.

. Maki,

402(Suppl.), B2-B4.

. Corry, D. B., and Kheradmand, F. (1999) Induction and regula-

tion of the IgE response. Nature 402(Suppl.), B18—-B23.

R., Traunecker, A., Sakano, H., Roeder, W., and
Tonegawa, S. (1980) Exon shuffling generates an immunoglobu-
lin heavy chain gene. Proc. Natl. Acad. Sci. USA 77, 2138-2142.

. Kataoka, T., Kawakami, T., Takahashi, N., and Honjo, T. (1980)

Rearrangement of immunoglobulin yl-chain gene and mecha-
nism for heavy-chain class switch. Proc. Natl. Acad. Sci. USA 77,
919-923.

. Stavezer-Nordgren, J., and Sirlin, S. (1986) Specificity of immu-

noglobulin heavy chain switch correlates with activity of germ-
line heavy chain genes prior to switching. EMBO J. 5, 95-102.

. Quelle, F. W., Shimoda, K., and Thierfelder, W. (1995) Cloning of

murine Staté and human Stat6, Stat proteins that are tyrosine
phosphorylated in responses to IL-4 and IL-3 but are not re-
quired for mitogenesis. Mol. Cell. Biol. 15, 3336—-3343.

. Schindler, U., Wu, P., Rothe, M., Brasseur, M., and McKnight,

S. L. (1995) Components of a Stat recognition code: Evidence for
two layers of molecular selectivity. Immunity 2, 689—-697.

. Shimoda, K., van Deursen, J., Sangster, M. Y., Sarawar, S. R.,

Carson, R. T., Tripp, R. A., Chu, C., Quelle, F. W., Nosaka, T.,
Vignali, D. A. A., Doherty, P. C., Grosveld, G., Paul, W. E., and
Ihle, J. N. (1996) Lack of IL-4-induced Th2 response and IgE
class switching in mice with disrupted Stat6 gene. Nature 380,
630-633.

. Kaplan, M. H., Schindler, U., Smiley, S. T., and Grusby, M. J.

(1996) Stat6 is required for mediating responses to IL-4 and for
development of Th2 cells. Immunity 4, 313-319.

Yen, G.-C., and Chen, H.-Y. (1995) Antioxidant activity of vari-
ous tea extracts in relation to their antimutagenicity. J. Agri.
Food Chem. 43, 27-32.

Khan, S. G., Katiyar, S. K., Agarwal, R., and Mukhtar, H. (1992)

59

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24

Enhancement of antioxidant and phase Il enzymes by oral feed-
ing of green tea polyphenols in drinking water to SKH-1 hairless
mice. Cancer Res. 52, 4050—4052.

Sano, M., Suzuki, M., Miyase, T., Yoshino, K., and Maeda-
Yamamoto, M. (1999) Novel antiallergic catechin derivatives
isolated from oolong tea. J. Agri. Food Chem. 47, 1906-1910.

Tachibana, H., Sunada, Y., Miyase, T., Sano, M., Maeda-
Yamamoto, M., and Yamada, K. (2000) Identification of a meth-
ylated epigallocatechin gallate as an inhibitor of degranulation
in human basophilic KU812 cells. Biosci. Biotech. Biochem. 64,
452-454.

Nonaka, G.-1., Sakai, R., and Nishioka, I. (1984) Hydrolysable
tannins and proanthocyanidines from green tea. Phytochemistry
23, 1753-1755.

Okuda, T., Yoshida, T., Ashida, M., and Yazaki, K. (1983) Tan-
nins of Casuarina and Stachurus Species. Part 1. Structures of
Pendunculagin, Casuarictin, Strictinin, Casuarinin, Casuariin,
and Stachyurin. J. Chem. Soc. Perkin Trans. | 1765-1772.
Miyase, T., lwata, Y., and Ueno, A. (1992) Tenuifolioses G-P,
oligosaccharide multi-esters from the roots of polygara tenuifolia
Willd. Chem. Pharm. Bull. 40, 2741-2748.

Ichiki, T., Takahashi, W., and Watanabe, T. (1992) The effect of
cytokines and mitogens on the induction of Ce germline tran-
scripts in a human Burkitt lymphoma B cell line. Int. Immunol.
4, 747-754.

Vaz, E. M., Vaz, N. M., and Levine, B. B. (1971) Persistent
formation of reagents in mice injected with low doses of ovalbu-
min. Immunology 21, 11-15.

Haruta, H., Tachibana, H., and Yamada, K. (1999) Concanavalin
A stimulation enhanced secondary V,J, rearrangement in some
human plasma B cells without up-regulation of recombination
activating gene expression and V, germline transcription. Im-
munology 97, 549-557.

Quideau, S., and Feldman, S. (1996) Ellagitannin chemistry.
Chem. Rev. 86, 475-503.

Kashiwada, Y., Nonaka, G.-l., Nishioka, I., Chang, J.-J., and
Lee, K.-H. (1993) Antitumor agents, 129." tannins and related
compounds as selective cytotoxic agents. J. Nat. Prod. 55, 1033—
1043.

Fukuchi, K., Sakagami, H., Okuda, T., Hatano, T., Tanuma, S.,
Kitajima, K., Inoue, Y., Inoue, S., Ichikawa, S., Nonoyama, M., and
Konno, K. (1989) Inhibition of herpes simplex virus infection by
tannins and related compounds. Antiviral Research 11, 285-297.
Kashiwada, Y., Nonaka, G.-1., Nishioka, I., Lee, K. J.-H., Bori, I.,
Fukushima, Y., Bastow, K. F., and Lee, K.-H. (1993) Tannins as
potent inhibitors of DNA topoisomerase Il in vitro. J. Phama.
Sci. 82, 487-492.

. Bastow, K. F., Bori, I. D., Fukushima, Y., Kashiwada, Y.,



Vol. 280, No. 1, 2001

25.

26.

Tanaka, T., Nonaka, G.-1., Nishioka, I., and Lee, K. H. (1993)
Inhibition of DNA topoisomerases by sanguiin H-6, a cytotoxic
dimeric ellagitannin from Sanguisorba officinalis. Planta Med-
ica 59, 240-245.

Graham, H. N. (1992) Green tea composition, consumption, and
polyphenol chemistry. Prev. Med. 21, 334-350.

Hou, J., Schindler, U., Henzel, W. J., Ho, T. Z., Brasseur, M., and

60

27.

28.

BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

McKnight, S. L. (1994) An interleukin-4 induced transcription
factor: IL-4 Stat. Science 265, 1701-1706.

Kotanides, H., and Reich, N. C. (1993) Requirement of tyrosine
phosphorylation for rapid activation of a DNA binding factor by
IL-4. Science 262, 1265-1267.

Leonard, W. J., and O'Shea, J. J. (1998) Jaks and Stats: Biolog-
ical implications. Annu. Rev. Immunol. 16, 293-322.



	MATERIALS AND METHODS
	RESULTS
	FIG. 1
	FIG. 2
	FIG. 3

	DISCUSSION
	FIG. 4
	FIG. 5
	FIG. 6

	ACKNOWLEDGMENTS
	REFERENCES

