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The Apoptotic Effect of Green Tea ( —)-Epigallocatechin Gallate
on 3T3-L1 Preadipocytes Depends on the Cdk2 Pathway
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This study was designed to investigate the effect of green tea catechins, especially (—)-epigallocatechin
gallate (EGCG), on the apoptosis of 3T3-L1 preadipocytes. Preadipocyte apoptosis as indicated by
formation of DNA fragments was induced by EGCG in dose-dependent manners. While EGCG was
demonstrated to decrease Cdk2 expression and activity and increase caspase-3 activity, overex-
pression of Cdk2 and treatment with the caspase-3 inhibitor respectively prevented preadipocytes
from induction of DNA fragmentation and caspase-3 activity by doses of 100—400 uM of EGCG.
This suggests the Cdk2- and caspase-3-dependent apoptotic effects of EGCG. Moreover, EGCG
was more effective than EC, ECG, and EGC in changing the apoptotic signals. Results of this study
may relate to the mechanism by which EGCG modulates body weight.
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INTRODUCTION appears to modulate the mitogenic, endocrine, and metabolic

Green tea catechins (GTCs) are polyphenolic flavonoids once functions of fat cells.
called vitamin P {). Since the discoveries that they have unique  Despite the importance of EGCG, the mechanism of its action
chemical structures and are major ingredients of unfermentedin regulating the apoptosis of preadipocytes is still unknown.
tea (2 3), they have been found to possess widespread biological The fact that the EGCG receptor, the so-called laminin receptor,
functions and health benefits (3—7). In vivo, GTCs, especially discovered in cancer celld4§) has not been identified in fat
(—)-epigallocatechin gallate (EGCG), lower the incidence of cells, and the fact that fat cells have different isoforms of
cancers (3—7), collagen-induced arthrit®,(oxidative stress-  laminins (L9) have also caused much controversy. Accordingly,
induced neurodegenerative diseas®3, (@nd STZ-induced a thorough examination of the signal element through which
diabetes (10). Also, EGCG can reduce body weight and body EGCG executes its modulation of preadipocyte apoptosis should
fat (11). In supporting this antiobese effect of EGCG, other in help clarify these observations.
vivo data have shown that EGCG or EGCG-containing green  The mechanisms of the action of EGCG in growth, apoptosis,
tea extract reduces food uptake, lipid absorption, and blood transformation, and signal transduction of many types of cells
triglyceride, cholesterol, and glucose levels, as well as stimulat- yaye peen extensively reportedH7, 16, 17), but several results
ing energy expenditure, fat oxidation, HDL levels, and fecal gre siill not well understood. Cdk2 and caspase-3 have been
lipid excretion (3,11—13). These in vivo observations may be  t4nd 1o serve as mitogenic and apoptotic signal transducers in
explained by in vitro findings that EGCG and caffeine syner- eukaryotic cells 20, 21), including 3T3-L1 preadipocytegZ,
gistically with norepinephrine stimulate the thermogenesis of 23), and they have been related to signals of EGCG in
brown adipose tissud 4), that EGCG regulates various enzymes mO(,duIating the growth and death of cancer cells based on
related to lipid anabolism and catabolism, such as acetyl-CoA various studies3—7, 16, 17, 24). Determining whether any of

carboxylase, fatty acid synthase, pancreatic lipase, gastric Iipasethem are res . . L2 .
. . . ponsible for EGCG signaling in preadipocyte
and lipoxygenase3( 15), that EGCG is a potent prooxidant apoptosis requires further studies.

and antioxidant (3,16), and that EGCG reduced serum- or ) .
insulin-induced increases in cell numbers and the triacylglycerol 1 "€ Present study was designed to understand the mechanism
of how EGCG acts in reducing the number of 3T3-L1 preadi-

content during a 9-day period of differentiatiot2). These in

vivo and in vitro observations suggest that green tea EGCG POCYtes as they grow. Our specific aim was to investigate
whether EGCG is able to induce apoptosis in preadipocytes and

* Author to whom correspondence should be addressed [telephone (886)-Whether EGCG-regulated apoptosis of preadipocytes is depend-

3_4T2'I('5k?839; fa>r<] (886)-3-45284:182; e-hnail yIF]f_lO@cck-nCU-edU-tW]. ent on the Cdk2 and caspase-3 pathways. The mechanistic
8 Na%g%;“ée%rtfﬁoggi'v:rﬁty?q“a y to this work. results of this study may have possible utility in the treatment
'University System of Taiwan. of obesity using this compound.
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Figure 1. A dose-dependent effect of green tea catechins on cell viability
of day 3 3T3-L1 preadipocytes, as examined by the trypan blue exclusion
method, was observed after 24 and 48 h of treatment. Data are expressed
as the mean = SEM of triplicate determinations. EC, (-)-epicatechin; EGC,
(-)-epigallocatechin; ECG, (-)-epicatechin gallate; EGCG, (-)-epigallo-
catechin gallate. For clarity, standard error bars and statistical significances
are not shown.

MATERIALS AND METHODS

Chemical ReagentsGreen tea EGCG and other catechir®8%
pure) were isolated from green te&@amellia sinensjsin our laboratory
as described previously {). Catechins were dissolved in 0.1% DMSO
and sterile medium for cell treatment. Other materials (i.e., PD98059,

Wu et al.

synthesized from equal amounts of RNA using M-MLV RT (Invitrogen,
Carlsbad, CA). The forward and reverse primers for obtaining Cdk2
cDNA were B-ATGGAGAACTTTCAAAAGGTG-3' and 5'-TCA-
GAGCCGAAGGTGGGGGC-3respectively. To obtain dnCdk2 cDNA,
four primers were needed to introduce a site-specific mutation by
overlap exclusion25), and they were SATGGAGAACTTTCAAAAG-
GTG-3, 5-TCAGAGCCGAAGGTGGGGGC-35-GTCCAAAGTT-
TGCCAGCTTG-3', and 5CAAGCTGGCAAACTTTGGAC-3'. PCR
was performed under the following conditions: an initial denaturing
cycle at 94°C for 3 min, followed by 30 cycles of amplification
consisting of denaturation at 9€ for 45 s, annealing at 53 for 30
s, and extension at 72 for 90 s. A final extension at 72C for 10
min was added after the last cycle. The PCR product was electrophore-
sed on a 1.5% (w/v) agarose gel using 40 mM Tris-acetate buffer (pH
8.0) containing 1 mM EDTA, and was visualized using @&/mL
ethidium bromide. The Cdk2" and dnCdk2 products predicted to be
about 900 bp were cloned to the pTargetT vector (Promega) as described
by Sambrook and Russell (25). Prior to their transfection into the
preadipocytes, they were verified with nucleotide sequencing performed
at the Institute of Biomedical Sciences, Academia Sinica, Taiwan. The
molecular weights of overexpressed Ctfk2and dnCdk?2 proteins were
verified to be about 34 kDa by Western blot analysis, and their activities
were also confirmed to catalyze the phosphorylation of the histone H1
substrate (26).

Cell Transfection and Overexpression ExperimentsWe modified
the methods reported by Yang et &7§ to perform our transfection
experiments. 3T3-L1 preadipocytes in a 10-cm plate were stably
transfected with 15:g of the pTargetT vector constructed with the
Cdk2"* and dnCdk2 cDNAs. Stable clones were selected with 1 mg/
mL of the antibiotic G-418 (BD Biosci Clontech Lab, Palo Alto, CA).
Amounts and activities of Cdk2" and dnCdk2 proteins expressed in
the stable clones were later determined by immunoblotting and
immunoprecipitation, respectively. A 45-uL volume of the TransFast
transfection reagent was used during the stable and transient transfec-
tions and was comprised of the synthetic cationic lipi#)-{,N[bis-
(2-hydroxyethyl)-Nmethyl-N-[2,3-di(tetradecanoyloxy)propyl] ammo-
nium iodide, and the neutral lipid;dioleoyl phosphatidylethanolamine.

Unless otherwise noted, transfected cells with the vehicle, €dk2
cDNA, and dnCdk2 cDNA were incubated with and without-2M0

etcl) were purchased from S|gma (St Louis, MO) unless otherwise #M EGCG for the indicated time periods. After incubation, the cell

mentioned. Penicillin-streptomycin, DMEM, FBS, trypsin, agarose, and
a 1-kb plus DNA ladder marker were purchased from GibcoBRL of
Life Technologies (New York, NY). The'&RACE system, Trizol, Taq

number of preadipocytes was examined by trypan blue dye exclusion.
DNA Fragmentation. Formation of DNA fragments was analyzed
as previously described by Schwartz and Osbor2@).(In some

polymerase, and a BenchMark prestained protein ladder were purchasedxperiments, day 3 preadipocytes (15 6@0 000/cr) were incubated

from Invitrogen Life Science Technologies (Carlsbad, CA). Except for
the phospho-histone H1 antibody, which was obtained from Calbio-
chem, Merck (Darmstadt, Germany), all other antibodies (i.e., Cdk2,
anti-rabbit IgG-HRP, etc) were purchased from Santa Cruz Biotech-
nology (Santa Cruz, CA).

Cell Culture. According to a published methodZ), 3T3-L1 cells
(American Type Culture Collection, Manassas, VA) were grown in
DMEM (pH 7.4) containing 10% FBS, 100 units/mL of penicillin, and
100 ug/mL streptomycin (GibcoBRL) in a humidified atmosphere of
95% air and 5% C@at 37°C. Medium (10 mL) was replaced every

with 10% FBS-supplemented DMEM in the presence and absence of
EC, ECG, EGC, or EGCG at 28100uM for 48 h of the experiment.

In other experiments, transfected cells with the vehicle, CAkDNA,

and dnCdk2 cDNA were treated with and without EGCG for 48 h.
Harvested cells were washed twice with cold PBS-EDTA and lysed
with 50 mM Tris-HCI buffer (pH 8.0, 10 mM EDTA and 0.2% Triton
X-100). Their DNAs were extracted with phenol:chloroform:isoamyl
alcohol (25:24:1, viviv) and then pelleted with an equal volume of
2-propanol and 1/10 volume of sodium acetate-@0 °C for 1 h. After
being resuspended in 50 mM Tris-boric acid buffer (pH 8.0) containing

2 days. Because serum components contain the factors for facilitating2 mM EDTA (TBE) and incubation at 37C for 30 min with 10uL of

3T3-L1 differentiation from preadipocytes to adipocytes when they are
confluent, these cells were subcultured before reaching confluency.
Cell Viability. 3T3-L1 cells (15 006-20 000/crd) were plated in
triplicate wells of a 12-well plate. Determining whether a dose-
dependent effect of GTCs on the cell viability of 3T3-L1 preadipocytes
exists, we treated cells (days-& with day 1 being the day of cell
inoculum) with epicatechin (EC), epigallocatechin (EGC), epicatechin
gallate (ECG), or EGCG at various concentrations-400 uM) for
indicated time periods. After a particular time course of incubation,

1 mg/mL RNase A (Sigma) to remove the RNA, they were incubated
at 50°C for 1 h with 10uL of 20 mg/mL Proteinase K to remove the
histones. After precipitation with 70% ethanol and drying, DNA pellets
were resuspended in 20 of TBE buffer, and the concentration was
determined at Aso. An aliquot of about 3Qtg DNA mixed with 3uL

of 10x loading solution (0.05%, w/v; bromophenol blue and 10% (w/
V) sucrose; BlueJuice, GibcoBRL) was electrophoresed on a 2% (w/v)
agarose gel (Ultrapure, GibcoBRL). DNA fragments were separated
at 100 V for 2 h atroom temperature in TBE and visualized with 0.5

cells were trypsinized and counted with a hemocytometer using the ug/mL ethidium bromide (Sigma).

0.4% trypan blue exclusion method.

Cdk2 Plasmid Constructs.cDNA encoding wild-type murine Cdk2
(Cdk2"*) and the dominant negative form of murine Cdk2 (dnCdk2;
with a mutation of Asf*®in Cdk2 to Asi*9), as described by Heuvel
and Harlow 21), was amplified by RT-PCR. Total RNA was isolated
from 3T3-L1 preadipocytes with the Trizol kit, and cDNA was then

Western Blot Analysis. Western immunoblot analysis was per-
formed on supernatant fractions of preadipocytes as described by
Kokontis et al. 26). An aliquot of 50ug of supernatant protein was
separated by 12% SDS-PAGE withk el-loading buffer (100 mM
Tris-HCI, pH 6.8, 4% SDS, 20% glycerol, 0.2% bromophenol blue,
and 10%p-mercaptoethanol) and then blotted onto Immobilon-NC
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transfer membranes (Millipore, Bedford, MA). The immunoblots were EC ECG EGC EGCG
blocked fo 1 h at room temperature with 10 mM PBS containing 0.1%
Tween 20 (PBST) and 5% defatted milk. After washing with PBST, 1 23 4567 8 9101112 13 14

RERENENRE RO~

immunoblot analyses were performed. All primary antibodiagtin,

Cdc2, Cdk2, and phospho-histone H1 antisera) were used at a dilution

of 1:1000 (~0.2ug/mL). Donkey anti-rabbit IgG, donkey anti-mouse

IgG, donkey anti-goat IgG, or goat anti-guinea pig IgG conjugated with
horseradish peroxidase were used as the secondary antibodies at a
dilution of 1:2000 0.2 ug/mL). The immunoblots were visualized -
using the Western Lightning chemiluminescence reagent plus kit _,
(Perkin-Elmer Life Science, Boston, MA) for 3 min followed by
exposure to Fuji film for 23 min. Blots were quantified using the FX e
Pro Plus Molecular Imager (Bio-Rad Laboratories, Hercules, CA). After
normalization toS-actin protein, levels of these intracellular proteins

were expressed as a percent of the control, unless noted otherwise.

Cdk2 and Caspase-3 Activity AssaysAfter immunoprecipitation Figure 2. A dose-dependent effect of green tea catechins on formation
(293_?ng grotelrl[r?eterr%negloﬂftnl){ idkf_ actltwt;l/zwas getermlned aS  of DNA fragments from day 3 3T3-L1 preadipocytes was observed after
modified from the method of Kokontis et al2). Assays were 48 h of treatment. An aliquot of about 30 xg DNA was loaded on 2%

performed at 37C for 30 min in a final volume of 2&L. The final - .
substrate mixture per tube contained 20 mM ATP z@histone H1, agarose gels. Insufficient amounts of DNA were used in lanes 10 and

20 mM Tris-HCl buffer (pH 7.5), 4 mM MgGl 0.8 mM EGTA, and ~ 13: Lanes: 1,0 uM, 2,5, 8, and 11, 20 uM; 3, 6, 9, and 12, 100 uM;
Cdk2 immunoprecipitates. The reaction was terminated by the addition 4. 7. 10, and 13, 400 «M; 14, marker. EC, (-)-epicatechin; EGC, (-)-
of 50uL of SDS-PAGE sample buffer as described above. We removed epigallocatechin; ECG, (-)-epicatechin gallate; EGCG, (-)-epigallocatechin
a 20-uL aliquot of the solution to load onto SDS-PAGE and used anti- gallate.

phospho-histone H1 as the primary antibody to immunoblot the samples

as described above. Changes in the amounts of phospho-histone H1, 0. A Pl ST

after normalization to the immunoprecipitated Cdk2 protein, indicated M Al

alterations in Cdk2 activity. i

Caspase-3 activity was essentially assayed using the colorimetric =l 30 1 P

method of the CaspACETM Assay System (Promega, Madison WI). s .

Briefly, day 3 preadipocytes were incubated for-28 h with 10% "":.E_ 20

FBS-DMEM containing EC, ECG, EGC, or EGCG—@00 uM) in EE .

the presence and absence of80 of the caspase-3 inhibitor, Z-VAD- 22 4 |

FMK. Harvested cell lysates were assayed for caspase-3 activity in a o i 1 |

96-well plate at 37C in a final volume of 10Q.L per well. The reaction = ’_I_H ’_rﬂ 2=l

mixture contained 100 mM HEPES buffer (pH 7.5), 10% (w/v) sucrose, 0 g i

0.1% (w/v) 3-[(3-cholamido-propyl)-dimethylammonio]-1 propane- T

sulfonate, 20% DMSO, 10 mM DTT, 0.2 mM Ac-DEVD-pNA 40,8 f £t il i

substrate, and 1Qdy enzyme protein. Blank control reactions contained i - T

no cell extract. After a 4-h incubation, 44 was determined in a ‘E‘ 30 4 I fl

microtiter plate reader. One unit of caspase-3 activity was expressed B ‘g’*

as 1 pmol of pNA formed per hour, and its specific activity was that - a2

unit divided by micrograms of protein. g% I

Statistical Analysis.Data are expressed as the meaBEM, unless e £

noted otherwise. Unpaired Studentidest was used to examine i 0

differences between the control and EGCG-treated groups. One-way *ala

ANOVA followed by the Student Newman-Keuls multiple range test 0 e

was used to examine differences among multiple groups. Differences EC = @b | |=cc||man || |lzaaiicie o

were considered significant at< 0.05. All statistical analyses were ECG il el | Rl s

performed using SigmaStat (Jandel Scientific, Palo Alto, CA). :gge il oo a_li'_: o % i
Inhibitor - === e aae e+ 4 #

RESULTS Figure 3. A dose-dependent effect of green tea catechins on increasing

caspase-3 activity in the culture system of day 3 preadipocytes was
observed after 24 (A) and 48 (B) h of treatment. I, caspase inhibitor
Z-VAD-FMK (50 uM). Values are the mean = SD from duplicate
determinations. EC, epicatechin; ECG, epicatechin gallate; EGC, epigal-
locatechin; EGCG, epigallocatechin gallate. n.d., not detectable. *, P <
0.05, versus the control (without EGCG treatment) in each tea catechin;
EGC versus EGC+inhibitor (bracket); or EGCG versus EGCG+inhibitor
(bracket; #). The letters, such as a, b, and c, shown in each catechin
were indicated as concentrations of 20, 100, and 400 uM, respectively.

Effects of Green Tea Catechins on Cell Viability and
Apoptosis of 3T3-L1 PreadipocytesAs observed irFigure
1, doses of 100—400M EGCG decreased the cell viability of
day 3 preadipocytes by ¥380% during the 48-h treatment. The
possibility that reductions in the cell viability of preadipocytes
by EGCG could be due to its induction of cell apoptosis was
also examined (Figure 2). Using day 3 preadipocytes as the
test cells, we found that EC, ECG, EGC, and EGCG at doses
of 100 or 400uM all induced the apoptosis of preadipocytes,

as indicated by the formation of DNA fragments. At 1001, of 100—400uM, but not of 20uM, all stimulated the activity
EGCG had a greater effect than the other three catechins.  of caspase-3 in day 3 and 6 preadipocytes after 24 and 48 h of
Effect of Green Tea Catechins on Caspase-3 ActivityVith treatment. Treatment with the specific inhibitor of caspase-3,

further use of an in vitro cell culture system, we examined Z-VAD-FMK, effectively prevented the EGC- or EGCG-
whether green tea catechins affect the activity of caspase-3, onenduced increase in the activity of caspase-3. Interestingly,
of the downstream enzymes responsible for formation of DNA EGCG dose dependently inhibited caspase-3 activity in a cell-
fragments Figure 3A, B). EC, EGC, ECG, and EGCG at doses free system when the pure human caspase-3 enzyme expressed
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Fi 4. (-)-Epigallocatechin gallat (ECZEG)) duced the activity of P:caz RGN
igure 4. (-)-Epigallocatechin gallate reduced the activity o i
human caspase-3 enzyme in the cell-free system, depending on the Ehaner SR m -
amounts of EGCG (A, 100 uM; B, 0—-200 uM), caspase-3 enzyme (A, -;3‘?_; 120
0.05-0.2 U; B, 0.1 U), and the Ac-DEVD-pNA substrate (A, 0.2 mM; B, s 'g * = e
0.2-0.4 mM) added. Values are the mean + SD from duplicate g.‘:.g a0 o e [
determinations. *, P < 0.05, versus the control (without EGCG treatment) S8 L HEm\ uin

in the given amounts of enzyme (A) and substrate (B). Figure 5. Overexpression of Cdk2** and dnCdk2 affected EGCG-induced

formation of DNA fragments from 3T3-L1 preadipocytes. In (A), cells were
treated without EGCG. In (B): lanes 1, 4, 7, and 10, 0 uM EGCG; lanes
2,5, 8, and 11, 20 uM EGCG; lanes 3, 6, 9, and 12, 100 uM EGCG.
Protein expression (C) and activity (D) of Cdk2 were confirmed by Western
blot analysis (or 1B, immunoblotting) and by the immunoprecipitation (IP)
. . . method, and were then expressed after normalization to actin and to Cdk2,
or appeared to a lesser extent w'hen increasing concentratlon%spectively_ Values are the mean + SD from two of 10-cm plates, *, P
of Ac-DEVD-pNA were added (Figure 4B). < 0.05, versus the control (without EGCG treatment) in groups of cells.
Overexpression of Cdk2'* Prevented 'EGCG-Induced EGCG, epigallocatechin gallate.
Apoptosis in PreadipocytesA further examination of whether
overexpression of Cdk2" prevents the EGCG-induced apop- could be attributable to its inhibition of cell mitogenesis, this
tosis of preadipocytes was made by measuring the disappearancetudy provides certain in-depth understanding of the mechanism
and appearance of DNA fragmentation (Figure 5). As indicated of the action of EGCG in the regulation of apoptosis of
in Figure 5A andB, overexpression of Cdk2" did not cause preadipocytes. This is evident by the observations that EGCG
any formation of DNA fragments in the absence of EGCG, but at doses of 100400 «M reduced the cell viability of preadi-
prevented EGCG-induced formation of DNA fragments. How- pocytes by 15—30%, induced the appearance of DNA frag-
ever, overexpression of dnCdk2 with a mutation of A8n mentation, and increased the activity of the caspase-3 protein,
Cdk2 to Asr*s stimulated formation of DNA fragments after a  an apoptotic enzyme. The resulting decreases in the cell viability
48-h incubation no matter the presence and absence of EGCGmay be attributable to the formation of DNA fragments.
There were similar findings that EGCG induction of the sub- Fragmented DNA by EGCG may be caused by its increase in
GO0/G1 phase, also known as an apoptotic index, appeared incaspase-3 activity; because this enzyme which exhibited sig-
the cell cycle of vehicle-transfected preadipocytes, but was not nificant induced activity increases by 1:86800uM, but not 20
observed in Cdk2"-overexpressing preadipocytes treated with «M, EGCG is a downstream apoptotic enzyme able to activate
EGCG (data not shown). The amounts of Cdk2 protein and its DNase (20). When the inhibitor of caspase-3, Z-VAD-FMK,
activity, as indicated with the amounts of phosphorylated histone was used, it stopped the increase in caspase-3 activity by EGCG.
H1, in Cdk2"*- and dnCdk2-transfected preadipocytes were Taken together, these observations suggest that activation of
respectively confirmed as indicated Figure 5C andD. the caspase-3 protein may be related to the mechanism by which
EGCG carries out its apoptotic effect on preadipocytes.
A contradictory observation is that EGCG inhibited the
activity of human caspase-3 in an in vitro cell-free system,
Effects of Green Tea Catechins on Cell Viability, Apop- suggesting that the effect of EGCG in altering caspase-3 activity
tosis, and Caspase-3 Activity of 3T3-L1 Preadipocyte&reen might be species-specific or that an increase in caspase-3 activity
tea EGCG has been proposed as an obesity chemopreventativinduced by EGCG in the cell culture system might be indirectly
and a fat cell modulator based on various laboratory studies mediated through activation of upstream caspase-3 activators.
(3). Unlike preliminary reportsi2, 29), which have shown that  The latter conclusion is supported by the facts that EGCG
the observed decrease in the number of preadipocytes by EGCGnables binding with the Fas death receptor in vitro, and then

from E. coliwas used (Figure 4AB). The IG, of EGCG was
about 100uM when it was incubated with 0.1 U of enzyme
and 0.2 mM of the Ac-DEVD-pNA substrate. The inhibitory
effect of EGCG on human caspase-3 activity either disappeared
when an increased enzyme concentration was #sgdre 4A)

DISCUSSION
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triggers the activity of caspase-3 either by activating caspase-8
protein, an upstream activator of caspase-3 @8, or by
inducing the release of cytochronee(35), and that the Fas
receptor is present in fat cell8g).

Overexpression of Cdk2’* Prevented EGCG-Induced
Apoptosis in Preadipocytes.Other various antiapoptotic and
apoptotic factors, including Bcl2, Bad, Bax, and p53, have been
reported (20), and some of them can be regulated by EGCG
(3—7). More studies are required to determine whether any of
them are responsible for the apoptotic effect of EGCG on
preadipocytes. However, the induction of preadipocyte apoptosis
by EGCG in this study was also dependent on Cdk2 and is likely
mediated by inactivation of the Cdk2 protein. This is based on
the observations that inactivation of the Cdk2 protein via

J. Agric. Food Chem., Vol. 53, No. 14, 2005 5699

Green tea (EGCG)
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1 BrdU incorporation t DNA ladder

1 GO/G1 arrest t Sub-G1 phase

- il
~

+ Cell number

transfection of dnCdk2 cDNA to 3T3-L1 preadipocytes caused Figure 6. A proposed mechanism of green tea epigallocatechin gallate
the formation of DNA fragments and that overexpression of (EGCG)'s action on mitogenesis (data not shown) and apoptosis in 3T3-
Cdk2 via the transfection of CdkZ cDNA to 3T3-L1 L1 preadipocytes. While EGCG signaling to inhibit preadipocyte proliferation
preadipocytes prevented 48-h decreases in Cdk2 activity andwas dependent on the Erk MAPKK and Cdk2 pathways (data not shown),
protein levels and formation of DNA fragments by 1M EGCG induced apoptosis via caspase-3- and Cdk2-dependent pathways.
EGCG. Because EGCG reduces MEKL1 activity, as indicated Antimitogenic and apoptotic signals of preadipocytes induced by EGCG
with decreased amounts of phospho-Erk proteid8),(and may be related to the mechanism by which it exerts its antiobese effect
because the Cdk2 activity is regulated at phosphorylation- and adipocyte-regulatory activity.

dephosphorylation levels via the Erk pathway, the alternative
possibility still remains that EGCG induces the apoptosis of
preadipocytes via the inhibition of Erk MAPK activity as

be important for hydrogen bonding. Also, EGCG has both gallyl
and galloyl groups, which have some conformational flexibility,
that may also be important for interactions with other molecules.
reported for human chondrocytes (37)', . Further exploration of the chemical basis of the apoptotic
Unfortunately, the Cdk2 pathway required for the mechanism o wjyities on preadipocytes by EGCG is needed to understand

of apoptotic action of EGCG is still not clear in this study. jiferences in the mechanism of EGCG’s action as compared
However, it was evident that Cdk2 controls the G1 checkpoint ;1 ihose of EC. EGC. and ECG on these processes.

in the cell cycle via regulating the formation of retinoblastoma

(Rb) protein and E2F, a transcriptional factor being able 10 pntinyidants that act as radical scavengers and protect cell
interact either with pS3 or with caspase 3 to mediate apoptosis, components from radical damage, these antioxidants can also
complex (20). Accordingly, decreases in Cdk2 expression and e hrgoxidants under certain conditions (3). This contention is
activity of 3T3-L1 preadipocytes by EGCG may cause an 55 supported by the reported dose-dependent effect of EGCG
increase in cell death via promoting the accumulation of the 4, neuroblastoma cellsi), in which at 50uM of EGCG
Rb and E2F complex and the sequent pS3- or caspase-34nqyced oxidative stress and radical formation and upregulated
dependent pathway. This assumption may be indirectly sup- 5ro-apoptotic genes, while at 20M it acted as an antioxidant
ported by the fact that increases in the p21 and p27, two of 504 ypregulated anti-apoptotic genes. In a parallel to this, EGCG
p53-upregulated and caspase-3-related Cdk inhibitors, eXpressiony; 50,M altered glucose metabolism in rat hepatoma cells via
were shown when EGCG was added to 3T3-L1 preadipocytes mqgifying the redox state of the cell. Despite the rise in reactive
(29). However, another possibility still remains that decreases oxygen species, the cell viability of hepatoma was not adversely
in Cdk2 expression and activity of 3T3-L1 preadipocytes by aftected by 1 mM EGCG. In our study through the use of trypan
EGCG may link to the activation of caspase-3 via changing p|ye dye exclusion method, concentrations of EGCG below 50
the mitochondrial transmembr_a_ne potentl_al and cytochrome uM remained the cell viability of day 3 preadipocytes at-90
release and the caspase-9 activity (an activator of caspase-3) agggoy, during the 48-h treatment, while doses of 800 uM
repc_)rted for the apoptotic effect of the tea polyphenol theasin- egcG decreased the cell viability of preadipocytes by 15
ensin A, an EGCG dimer, on human lymphoma ce38)( Yet, 30% and induced their apoptosis. As examined the number of
this needs further identification. viable cells in proliferation or cytotoxicity assays by a CellTiter
Differences of EC, ECG, EGC, and EGCG in the Regula- 96 Aqueous One Solution Reagent (Promega Corp., Madison)
tion of the Apoptotic Signals. Green tea catechins have containing a tetrazolium compound, the cell viability of day 3
numerous biological activities that can possibly provide various preadipocytes was decreased by 10%, 20%, 25%, 35%, and
health benefits (3—7). In most cases, but not all, gallated 50%, respectively, after 10, 20, 50, 100, and 4800f EGCG
catechins, especially EGCG, are more active than other cat-treatment (data not shown). Taken together, at=4I0 «M,
echins. This contention is supported by our findings in 3T3-L1 EGCG may have some cytotoxic effects on 3T3-L1 preadipo-
preadipocytes that at the same dose and duration of treatmentcytes. Further study is needed to determine whether EGCG acts
EGCG was generally more effective than EC, ECG, and EGC at 100—40QuM to induce apoptosis or cytotoxicity of 3T3-L1
in changing the number of viable cells, activities of Cdk2 and preadipocytes via oxidative stress or prooxidant activity as
caspase-3, and levels of Cdk2 and DNA fragments. The reported for hepatoma (31) and neuroblastoma cells 176,
observed catechin-specific effects of green tea suggest that32).
EGCG may act differently from EC, EGC, and ECG in Conclusions.We conclude that the apoptotic effect of EGCG
regulating preadipocyte death. According to the nature of the on 3T3-L1 preadipocytes is dependent on the Cdk2 and
unique structures of these catechins teste@)( EGCG contains caspase-3 pathways and is likely mediated through alterations
the largest number of hydroxyl groups on its three aromatic in their activities Figure 6). Decreases in Cdk2 activity by
rings among the tea catechins, and these hydroxyl groups mayEGCG may be due to its effect on this particular member of

To our knowledge, while green tea catechins are excellent
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the CKI family (29). In general, EGCG is more effective than

other structurally related green tea catechins in changing
apoptotic signals. Changes in the endogenous signals of preadi-
pocytes induced by EGCG may help increase our understanding

of the modulatory mechanism of green tea EGCG on body
weight and fat cells3, 11, 12). Future studies on discovering
the EGCG receptor in fat cells and on characterizing its oxidative

Wu et al.

(16) Weinreb, O.; Mandel, S.; Youdim, M. B. H. cDNA gene
expression profile homology of antioxidants and their antiapo-
ptotic and proapoptotic activities in human neuroblastoma cells.
FASEB J.2003,17, 935—937.

(17) Levites, Y.; Amit, T.; Youdim, M. B. H.; Mandel, S. Involvement
of protein kinase C activation and cell survival/cell cycle genes
in green tea polypheno)-epigallocatechin 3-gallate neuro-
protective actionJ. Biol. Chem2002,277, 30574—30580.

stress are needed to elucidate the mechanisms of how EGCG (1) Tachibana, H.; Koga, K.; Fujimura, Y.; Yamada, K. A receptor

signals reduce the Cdk2 activity and enhance the caspase-3

activity.
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