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1. AaTenyUSunmuuas ATP citrate lyase enzyme
2. 3@z cell viability

3. FazAnisiia apoptosis

ey uABIVYUATNANIINAADY

1. PISIANZIALILTAR HepG2
Human hepatocellualr carcinoma, HepG2 cells "fiﬁi‘i‘%ﬂﬁhﬂ the American Type
Culture Collection (ATCC) i waadnanaslummesasii  lasioadas
wstapdlu 37°C a humidified incubator with 5% CO,/95% air atmosphere Loy
1% media Tfin DMEM @3 supplement @28 10% fetal bovine serum, 3 mM L-
glutamine, 100 lg/ml streptomycin and 100 U/ml penicillin. I@UL‘Haﬁﬁ]:gﬂ

subculture Uss3nmh 2 ATY/FUNA

2. Cell proliferation assay

Lﬁaﬁgﬁ]ﬁwa"ﬂmm‘i EGCG domstiuis Cell proliferation 284 HepG2 cells i
nMyATsilas 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium ~ bromide
(MTT) (sigma) assays 35n3@8 adding 15 LI MTT (5 mg/mi) luudas well 1w
1I81 4 h ﬁ room temperature e Supernatants 320N removed %50%’1(11%%
N3 form @284 formazan 37N tetrazolium salt 3=&101I0 solubilized lalasld
100 LU/well dimethyl sulfoxide (DMSO, Amresco) Was shake st 10 win
N absorbance value (OD) Uadu@az well 2:¥1NNN131@6 28 microplate photometer
fi 540 nm

NAaNNINARBINLIN proliferation 183 HepG2 cells a:gnﬁufmﬁa%ﬁu EGCG
&ud 50 Lmole/L aufis 1 mmole/l 7 24 48 uaz 72 . laufl the highest
inhibitory rate ntszuns 60% ilalésu EGCG 1 mmole/L 1 48 Tal. (p<0.001)
Lasiientlseanme 69% a3y EGCG 1 mmole/L #i 72 T (p<0.001) dauaaslu

table 1 L figure 1
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Table 1 : Impact of EGCG treatment for 24, 48 and 72 h on HepG2 cell viability

analyzed by MTT assay

EGCG % cell viability

(pmol/L) 24 h 48 h 72 h
0 100 + 9.54 100+6.34 100+£11.47
50 104.39+ 13.19 98.35+£5.56 93.45+6.89
100 112.59+8.45 93.07+4.35 83.93+8.91
200 112.88+6.62 85.05+4.16 52.5+3.08**
300 110.57+9.23 72.9415.76* 45.97+2.91**
500 96.75+12.71 59.95+4.85** 34.84+2.71** 1
1000 93.77+10.86 41.68+4.11** 30.91+4.49*

Data are represented as mean + SEM, n=3.

*p<0.05 and **p<0.001, significantly different from control, untreated group.
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6. FASN expression by immunoblot analysis

\@3un Cell extract lauld M-PER lysis buffer %5\1mr}‘1fuﬁmﬁ’?@ Protein
concentrations  1@un13  diluted samples @2835M3W8d a bicinchoninic  acid
procedure @13 protocol (Pierce Biochemical Company, Rockford, IL) i1 Western
analysis laplt triplicate experiments ¥i1n13 load Equal amounts of protein Tviuon
a8 NuPage Tris-acetate gel (Invitrogen) wae electrotransferred vlﬂﬁl polyvinylidene
difluoride membranes (Roche, Mannheim, Germany) %é'oilﬁﬂ‘bfu incubate
Membranes @38 rapid blocking solution (Amresco, USA) WUaz¥inn13 probed @78
antibodies against FASN ez ACL (Abcam) Horseradish peroxidase-conjugated anti-
rabbit IgG secondary antibody @28 Novex® ECL, HRP Chemiluminescent substrate
reagent kit (Invitrogen) Lﬁaﬁ]: detect the immunoreactive protein @3
chemiluminescence (ImageQuantTM LAS 4000, GE Healthcare BIO-Science AB,
Sween) 3¥nsnasasiiviiite determine the effect Wa9 piperien @an1T expression
2Uad FASN ae ACL protein I@Uﬁwuhm‘i expression Va3 FASN e ACL protein
lunguild3ums treat dan EGCG laviawnzfl EGCG auidudu 200, 300, 400,
500 W&z 1,000 Lmole/L 11 48 7a. dual#nis expression 189 FASN Waz ACL
protein AARIBEIININ LfiaLﬂ‘%mmﬁwﬁunéw control cells NaNTNARDITLFAILHIAL
i1 EGCG {Wasian1y expression 189 FASN waz ACL protein @aflunuinluns

regulates intracellular de novo fatty acid synthesis T HepG2 cells

— EGCG treatment for 48 h _—|

Control 50 100 200 300 400 500 1,000

B-actin

FASN

ACL
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Figure 2 Impact of EGCG on FASN 8z ACL protein expression. HepG2 cells

were treated with EGCG at 50 to 1000 [Lmole/L for 48 h. Protein extracts were
made and FASN .8z ACL protein levels were determined by Western blot analysis.

42 kD [3-actin expression was used as internal control.

7. Analysis on externalization of phosphatidylserine (PS) , the early stage of
apoptosis

ofAnmsHAad EGCG Tudnu cytotoxic effect Taifipadasniuniaiiia apoptosis,
MINATIZA HepG2 cells apoptosis Azl flow cytometry %ﬁ%miﬁa n173 stain
cells @28 Annexin V/propidium iodide Lﬁaﬁﬂwﬂﬂﬁ externalization V84
phosphatidylserine (PS) FounsieTeinaia early apoptosis The attached
uas detached cells 9LAUAN culture media NaMKA NIANBINATEY EGCG i3
vinlsifia apoptosis az¥innsAnwlasld  Alexar Flour. 488 Annexin V ua:
propidium iodide (Pl) apoptosis detection kit (Invitrogen) 1535 msew
manufacturer's instructions l@&n1s wash cell %évomnﬁ?ula' 300 Ui wdy 1X binding

buffer containing 5 LU Wad Alexar F—'Iour® 488 Annexin V uac 10 LU w83 Pl LRYin
M3 incubate 1fwiian 15 wififi room temperature nnldwasiia WEIININ
apoptosis %;‘]n‘im‘iﬂzﬂﬂﬂ flow cytometer (BD FACSCaliber, BECTON
'DICKINSON, California, CA) Na‘ﬁ cells @@R Annexin V-positive Las Pl-negative
fraction ﬁ]:gnesl,mw:ﬁiwa%ﬂuﬁ’m early apoptotic

NNMTANHAHIBIAWDIINTLAG advanced DNA fragmentation fianynliie
Aaufenmsiasuulasas plasma membrane \TUMIIAA PS externalization 1123
early apoptosis ﬁ?u anuLiln plasma membrane asymmetry ’«J:gvaﬁUvLﬂ I@U(Z‘}VLGT
9NN AA externalization 289 PS @INaMInaaadlu Table wazFigure 119879
WU7N untreated cells N3t early apoptosis ‘%awuiﬂﬁ negative madﬁv‘dmia@%ﬁv‘d
Annexin V ez Pl @suaasliifiuin cell 1ilu viable cells :INNaN1TNaRaInLin early

e A o
apoptotic cells dAUIzaNh 11% , 18%, Waz 25% ¥@ incubate cell LWIaN 48 .

fenududuas EGCG 50, 300, 500 uaz 1,000 [imole/L Lﬂuﬁméﬁm@l’h Wil
m‘nﬁlu%‘l«wad late apoptotic cells 3MNFANUTzU1H 0.76% (W 89% Lfia incubate cell
a1t EGCG ﬁ 1 mmole/L \Julaa1 48 . lummzﬁl early apoptotic cells WU
fUT=0nme 19% |, 20%, u8s12% Lile incubate cell §78 EGCG iiwaan 72 Tu.

A v v ] 1 I A g v v
naNNLYNYK 10, 300, wae 500 umole/L wazwuINAA1aaadn 8% NANNTNTY

A o ' A, a X &
289 EGCG "1 1,000 Llmole/L WaztIWLI" late apoptotic cellsAMWNTUIN 8% W
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81% 118 incubate cell NAMNTLTH 1 mmole/L tTWwIaT 72 TY. AILRAIIHANTN
WRZNIINTIIEN

Table 2 : Impact of EGCG treatment for 48 h on HepG2 cell apoptosis analyzed by

flow cytometry with an Alexar Flour® 488 Annexin V and propidium iodide (PI)

staining

Control 50 umol/L 300 umol/L 500 pmol/L 1 mmol/L
Viability | 91.9916.10 | 79.49113.10 | 71.83112.19 | 49.341+4.37 | 3.42%3.03
Early 2.0110.22 | 11.03%11.52 | 18.78111.57 | 25.281+10.96 | 0.7610.21
Late 4281397 | 8351220 | 858%t1.53 | 24.52+9.27 | 89.0014.56

Data are represented as mean = SEM, n=3.

*p<0.05 and **p<0.001, significantly different from control, untreated group.
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E. EGCG treatment for 48 h
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Figure 3 Effect of 48 h EGCG-induced an externalization of PS, the early stage of

apoptosis of HepG2 cells. At the indicated time points after treatment, cells were

collected and double stained with Alexar Flour® 488 Annexin V and propidium iodide

and analyzed by flow cytometry as described above (no gated analysis). A. to E.

represents dual parametric dot plots of propidium iodide fluorescence (y-axis) versus

Alexar Flour® 488 Annexin fluorescence (x-axis). D. bar charts showing the

propotion of viable, early apoptotic, and late apoptotic cells. Early apoptotic cells

were defined as Annexin V-positive, Pl-negative cells. Values are mean + S.E.M.

from

three experiments.
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Table 3 : Impact of EGCG treatment for 72 h on HepG2 cell apoptosis analyzed by

flow cytometry with an Alexar Flour® 488 Annexin V and propidium iodide (PI)

staining

Control 50 umol/L 300 umol/L | 500 umol/L | 1 mmol/L
Viability | 91.3112.7 | 67.31119.13 | 65.22+20.89 | 56.741+13.09 | 5.3312.11
Early 2.44711.32 | 19.451+15.88 | 20.85+16.15 | 12.95+9.89 | 8.0812.68
Late 552+1.93 | 10.6318.29 12.7+7.70 | 28.5315.06 | 81.2214.14

Data are represented as mean = SEM, n=3.

*p<0.05 and **p<0.001, significantly different from control, untreated group.
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E. EGCG treatment for 72 h
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Figure 4 Effect of 72 h EGCG-induced an externalization of PS, the early stage of

apoptosis of HepG2 cells. At the indicated time points after treatment, cells were

collected and double stained with Alexar Flour® 488 Annexin V and propidium iodide

and analyzed by flow cytometry as described above (no gated analysis). A. to E.

represents dual parametric dot plots of propidium iodide fluorescence (y-axis) versus

Alexar Flour® 488 Annexin fluorescence (x-axis). D. bar charts showing the

propotion of viable, early apoptotic, and late apoptotic cells. Early apoptotic cells

were defined as Annexin V-positive, Pl-negative cells. Values are mean + S.E.M.

from three experiments.
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8. Cell cycle analysis

MINATIERHAVEY EGCG @a programmed cell death 813135030 laun13132L5i%
cell cycle "fﬁﬁ]:ﬁﬁmﬁmﬁzﬂﬂﬂ flow cytometry analysis WRIAN incubate cell Gae
EGCG 1Tu3zpzinan 48 Wz 72 TU. Wa2 YT trysinization cell tJwian 5 wif

WAIINUU washed @28 ice-cold PBS 2 A39 “adanikis fixed §38 75% cold ethanol
71 4°C overnight t@38x Propidium iodide (Pl) finanuidudu 20 g/ml uaz RNase A

ﬁmmm‘?uﬁu 200 g/mi 15lun"3 stain the nuclei L‘ﬁlaﬁﬂw’w phases U84 cell cycle
“fiw:l"ﬁnm incubate W14 6 Td. N13IA fluorescence way DNA-bound PI nulu
Lraa 91T flow cytometer (BD FACSCaliber, BECTON DICKINSON, California, CA)

@4 Figure $19819%, EGCG treatment w38 48 Waz 72 h LWL IR DI
cells T4 G1/GO phase LﬁQLﬂ%UULﬁUUﬁUﬂQ;&J control luﬂ@;&l control Wuiﬂfltfﬁaﬁagjj
lug29 G1/GO phase Uszunmh 59.4%, wuilladatluiy S phase 12.87% ua:

wudqﬁtmaﬁagluoﬁaa mitosis (M) phase 28.20% #&J31n incubate cell 1T141787 48 h

fu EGCGRAMMTTY 300, 500, waz 1,000 mole/L Wi HepG2 cells atjlugag
G1/GO phase fenmadwiu 65.21%, 66.83% Way 74.86% eusIaU luumsiiad
ﬁag}ilu"ﬁw S phase fienuaouudaslainnniin wssdanuinoadlugie M phase fieh
aaadilu 24.77% , 19.62%, waz 13.35% #i EGCG aandutu 300, 500, uas 1,000
Wmole/L m&lﬁﬁﬁmﬂgumﬁﬂuﬁumiu control ilo incubate cell 1{lwaan 72 Ty,
WUTLTAdluTI9 G1/GO phase R wAnTn luwnefiimadlutis S phase aaasiu
11.05% , 10.67%, W 9.75% ‘ﬁ EGCG aNULINTH 300, 500, &z 1,000 Lmole/L
mm‘i’lﬁmﬁam%ymﬁnuﬁunéém control mnwamsmaaaﬁa;ﬂﬁh EGCG iwath

1#1Aan13 arrest 284 HepG2 cells 1179 G1/GO phase
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Cell cycle EGCG 48 h (GATE analysis)
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A and B represents the effect of EGCG treatment on cell cycle

progression. After 48 and 72 h of treatment, cells were fixed with 75% ethanol

overnight and incubated with RNase A and propidium iodide for 6 h. DNA content

was assessed by flow cytometry. Each point represents the meantSEM of three

independent experiments.
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9. Detection of apoptosis by fluorescence microscopy using DAPI apoptosis
assay

MIANEINaTa9 EGCG Niidanisifia apoptosis 8181303LAN=RNstLAsnLL84
289 nuclear morphology Tuvmsfiiia apoptosis lef launis stain ¢an 4'6-
Diamidino-2-phenylindole (DAPI) Lfnaﬁa:gn incubate @28 EGCG tTutIa 48 uaz
48 U, LTRENI7 attached ez detached 9:LfiUTINM WAINUWIINTT wash o8l
PBS ua: fixation b4 75% ethanol 17‘1 4°C overnight @aun fixed cells 0N wash
@18 PBS LLazmsmgﬁuLLﬂawad nuclear morphology luanuziiia apoptosis 3¢0N
stain @28 DAPI 1Jul2a1 30 uwﬁﬁqmwgﬁﬁaa \TRATIUNAN e nuclear breakdown
0N capture lae fluorescence microscopy “ffdﬁ]:‘wun’mﬁ@ fragmentation V83
nucleus 1% oligonucleosomes LLRe chromatin condensation

M3LN6 apoptosis UANWUSWIANNIY morphological features @@ chromatin
condensation, nuclear fragmentation, L8 membrane blebbing NANIITNARBINININ
19819 wuTnTsdinnUasuulasues uncear inldsu EGCG ’Lumm:ﬁmjm Taiwy
mM3tapuutas Wud the nuclei 89 intact Tanwme round was uniformly Lije 13y

N3 stained @78 DAPI
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A. Control, untreated cells for 24 h

B. EGCG 50 [lmole/L for 24 h treated cells

C. EGCG 300 },LmolelL for 24 h treated cells
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D. EGCG 500 LLmole/L for 24 h treated cells

E. EGCG 1,000 llmole/L for 24 h treated cells

F-4 F-5
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Figure 6 Effect of EGCG on nuclear alterations in HepG2 cells. Cells were stained
with DAPI and visualized by fluorescence microscopy. The arrows in A to F indicate

nuclear shrinkage, condensation, or fragmentation with 100x magnification.

10. Data analysis
lunngmnesas azlddaindmam 3 fagrailustiedn Data AONIATZR
uazuaaailudl means + SEM @ data Aidanuuandaannguetheiiioday
nasha a:ldi53aedlay Student ttest n3o one-way ANOVA &1wILNG
fMatsidasmaSuudivuannnin 2 ngal fdnnuLToun p<0.05 w38
p<0.001

Discussion

Tea is one of the most common beverages consumed worldwide, and its
possible beneficial health effects have received a great deal of attention. The inhibitory
action of tea against experimental carcinogenesis has been demonstrated in many
animal models, including cancer of the lung, skin, esophagus, liver and stomach. About
10% of the dry weight of green tea is flavan-3-ols which include (-)-epigallocatechin-3-
gallate (EGCG). In recent years, the cancer-therapeutic potential of green tea
polyphenols, particularly EGCG has been shown to inhibit cell growth and induce
apoptosis of various human cancer cells with little or no effect on normal cells. An
understanding of the factors regulating the expression and function of lipid biosynthesis
enzymes in cancer cells is importance both from the clinical and toxicological
perspectives. In earlier studies have demonstrated that cancer cells display an
excessive fatty acid genesis. In contrast, nearly all non-malignant adult tissues have
very low lipogenesis (Meadows AL et al., 2008, DeBerardinis RJ et al., 2007). Lipids
are required for membrane synthesis as well as the composition of membrane
microdomains of cancer cells. Membrane microdomains or lipid rafts including of

phosphlipids, cholesterol and sphingolipids have been reported to be involved in several
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cellular processes such as signal transduction, intracellular trafficking, cell polarization,
and cell migration (Bagnat M and Simons K, 2002, Manes S et al., 1999, Ikonen E and
Simons K, 1998). Inhibition of enzymes contributing in tumor fatty acid biosynthesis
results in decreasing fatty acid accumulation that leads to depressing cell proliferation,
loss of cell viability and decreasing tumor size (Brusselmans K et al., 2005,
Hatzivassillou G et al., 2005, Pizer ES et al., 1996). However, decreased lipid
biosynthesis by inhibition of enzymes of fatty acid synthesis in non-malignant human
fibroblast cells does not influence on both cell proliferation and viability (Chajes V et al.,

2006, Brusselmans K et al., 2005, Pizer ES et al., 1996, Kuhajda FP et al., 1994).

The present study further examined the effects of EGCG on lipid biosynthesis in

HepG2 cells. EGCG at 1 mmole/L for 24 h was uncapable of decreasing cell

proliferation approximately, while EGCG at 1,000 [imole/L for 48 h and at 300 [imole/L
for 72 h or more than was capable of reducing cell proliferation more than 50%. The
decreasing cell proliferation was shown by apoptosis induction experiments to further
determine the cause of cell death. Our data demonstrate EGCG is efficacious in
inhibiting the proliferation of HepG2 cells, most likely by induction of apoptosis in a
manner that is time- and concentration-dependent. EGCG-induced cytotoxicity was
dependent on FASN and ACL expression. We found that FASN and ACL expression
were decreased after 48 h of EGCG treatment. The mechanism of action by which
EGCG induces inhibition of FASN and ACL expression remains poorly understood,
however some possibilities have been proposed. EGCG might affect to decrease
cytosolic citrate levels, the substrate provided for acetyl CoA synthesis that leads to an
impairment of fatty acid synthesis. The reducing cytosolic citrate levels affects
mitochondrial homeostasis and membrane potential, presumably through the decreased
availability of mitochondrial citrate for TCA cycle.

More than half a century ago, studies have shown that the majority of fatty acids
in cancer cells are derived from de novo fatty acid synthesis whereas most other normal
cells acquire the majority of fatty acids from the circulation. This increased lipogenesis is
reflected in a significantly elevated expression and activity of lipogenic enzymes, ACL,
FASN, and ACC. Enzyme ACL provides the requisite substrate acetyl-CoA for fatty acid
synthesis by catalyzing the conversion of citrate to acetyl-CoA. ACL inhibition
suppresses the growth and survival of tumor cells, although the mechanisms of ACL

inhibition-dependent cell death are still not clear.
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Treating cells with EGCG inhibited FASN and ACL expression and induced
apoptosis. Several studies reported that inhibition of FASN did not affect growth rate or
viability of nonmalignant cells. These date indicate that FASN predominantly plays role
in tumor growth and survival. Although the precise mechanisms of FASN inhibition-
induced cells death in cancer cells still remain unknown, several possibilities have been
proposed. Initial studies indicate that FASN inhibition accumulates the toxic intermediary
metabolites, malonyl CoA, which indices apoptosis, whereas pharmacological inhibition
of acetyl-CoA carboxylase (ACC) enzyme by 5-(tetradocyloxy)-2-furoic acid (TOFA)
does not (Pizer ES., et al., 2000). The acute reduction of fatty acid production,
palmitate, per se was not the major source of cell injury after FASN inhibition. The high
levels of malonyl-CoA were a characteristic effect of FASN inhibitors and temporally
preceded the other cellular responses, including apoptosis. TOFA rescued cells from
FASN inhibition by reducing malonyl-CoA accumulation. These studies suggest that
malonyl-CoA accumulation, but not end product fatty acid depletion, could be a critical
factor for apoptosis induction. These results also suggested that malonyl-CoA
accumulation may not by a significant problem in normal tissues, possibly because fatty
acid synthesis pathway activity is normally low, even in the lipogenic organs, such as
liver. Physiologically, the elevated levels of malonyl-CoA occurring during fatty acid
synthesis reduce fatty acid oxidation, by inhibiting carnitine palmitoyltransferase | at the
outer mitochondrial membrane, to prevent a futile cycle of simultaneous fatty acid
synthesis and degradation. However, the mechanisms of high levels of malonyl-CoA
lead to apoptosis is not yet known, carnitine palmitoyltransferase |, which is regulated
by malonyl-CoA, has been shown to interact directly with Bcl-2 at the mitochondrial
membrane. Thus, high levels of malonyl-CoA may either induce apoptosis directly or
alter mitochondrial mechanism to increase susceptibility to apoptosis from other signals.

However, studies with siRNAs reveals that ACC inhibition triggers apoptosis in
some cancer cells, but not in normal cells. Inhibition of ACC expression results in a
major decrease in the cellular pool of palmitic acid and apoptosis induction. However,
supplementing the culture medium with palmitic acid completely rescues cell from both
FASN and ACC-induced apoptosis. These finding confirm the importance of end-product
fatty acid starvation to cell death. Moreover, besides the role of FASN-dependent fatty

acid synthesis in fatty acid supply for membrane production and energy production

through B—oxidation, FASN overexpression is further associated with palmitoylation and

lipid modifications of signaling proteins. Thus, interference FASN expression could also
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be involved FASN inhibition-induced selective cancer cytotoxicity. Moreover, inhibition of
FASN has been shown to induce endoplasmic reticulum stress in tumor cells, and a
further mechanism of action may involve cooperation with endoplasmic reticulum stress
inducers to enhance apoptosis. In addition, as with FASN inhibition, EGCG blocked the
cell cycle in G1/G0O phase. EGCG has recently been shown to be a potent in vitro
inhibitor of the FASN-enzyme isolated from chicken liver. In the present study, we show
that EGCG also inhibits FASN expression in cultured human liver cancer HepG2 cells
and that this inhibition is paralleled by a marked reduction in cell proliferation that is
related to apoptosis. Thus, this finding re-emphasizes the essential role of EGCG-

induced FASN inhibition associated with cell cycle blockage.





