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<Abdract >

Management strategies of chronic phase chronicxgsebdus leukemia (CML) have drastically improveel tu
the development of selective tyrosine kinase itdribimatinib mesylate (Glivec). However, therethe
continuously arising problem of imatinib resistan@gnly due to certain point mutations within thERPAInding
pocket of BCR/ABL suggesting for the necessityttefiaative drugs.

Epigallocatechin-gallate (EGCG) is the major catecdomponent and chemopreventive polyphenol that is
found in green tea, one of the most consumed lymsenathe world.  Anti-tumour activity of EGCG Haeen
gaining much attention due to their selective oyioteffects towards various tumour cell lines aaotto their
normal counterparts. Anti-tumour activity of EG®@s been reported to result from inhibition of iplait
signaling pathways such as cell cycle arrest, itidnbof telomerase activity, and inhibition of rastiasis via
binding to laminin receptor, LR67.  Although seVemachanisms for EGCG-induced anti-tumour activitye
been proposed, they generally shared a commonpfigale of apoptosis. However, our preliminary data
Wright-Giemsa-stained CML cells after EGCG treatmamwed atypical cell death morphology where
apoptotic morphology was absent.  This prompted sgecify the mode of EGCG-induced cell deathNiL.C
cell lines based on biochemical and morphologjmai@aches not only to clarify its anti-tumour attj\but also

on the hypothesis that if EGCG induced nonapopteticdeath, it may be clinically beneficial in os@ming
both imatinib-sensitive and -resistant CML celldtero with apoptosis-resistant characteristics doe t
constitutively active BCR/ABL suppressing the aptpipathway.

<Methodsand Results>

EGCG induces cdl death digtinct from imatinib-induced apoptoss

In order to verify the effect of EGCG and imatioity the mitochondrial transmembrane potential (Mistfit)
plasma membrane, K562 and C2F8 CML cell lines staieed with DIOC(6), mitochondria-specific marker,
and PI, after treatment with increasing concentratiof EGCG and imatinib. As a result, both EGCG an
imatinib induced the reduction of MMP and incregsah Pl-positive cells (Fig 1), however, distinetldeath
population pattern resulted between EGCG and iidteatments, suggesting for their distinct maafesell
death.




Caspase-independent necrosslikecdl death in EGCG-induced cdll death

To ascertain whether EGCG induced a non-apoptelicdeath, activation of caspases, key executidners
apoptotic pathway, were examined in EGCG-inducktdeath by Western blotting.  Although imatinibéted
K562 and C2F8 cells showed activation of all caspasstedieand PARP cleavage at 24 h (Fig 2A),
EGCG-treated K562 and C2E&lIs only showed a partial activation of casp&sase caspase-8, but
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Fig 1. EGCG and imatinib showed digtinct cdl death patterns. K562 cells were treated with 0.1% ethanol (control)
EGCG or imatinib for 48 h, harvested and incubaiéit DiOC¢(3) and PI.  Mitochondrial transmembrane pote(tiain)
and cell death were determined by dual-parameter @ytometry. Results are representative of tlimdependent

experiments.

caspase-3 and PARP were not activated with exptis&@@CG at 24 h (Fig 2A).  Also, to confirm thésult,
K562 cells were treated with either EGCG or imhatigione or after pretreatment with Z-VAD-FMK, broad
caspase inhibitor, for 48h. Imatinib-induced apsiptavas prevented by Z-VAD-FMK dose-dependently (p
0.01) (Fig 2B), however, EGCG-induced cell deats waat prevented at all by any concentrations of
Z-VAD-FMK (p < 0.01) (Fig 2B), suggesting that EG@@uced predominantly caspase-independent céii.dea
Also, reduction of anti-apoptosis factors suchnabitor of apoptosis proteins (IAP) and Bcl-2 cbuabt be
observed in EGCG-induced cell death, suggesting B&CG did not interfere either with the safeguard
apoptotic pathway (Data not shown).

Since a clearer delineation of the mode of celideas based on morphological studies, we nextierarthe
morphological differences in EGCG-treated and imitatreated cell deaths in K562 and C2F8 cellsguaim
electron microscope. As a result, imatinib-inducedl death exhibited a typical apoptotic featurigh w
smoothing of cell surface, nuclear fragmentatiain wbmpaction of chromatin to the crescents adjdoehe
nuclear envelope and rather structurally intacochibndria (Fig 3A). EGCG-induced cell death redednb
significantly the necrotic morphology induced by PA@lepletion without nuclear fragmentation but with
significant cytoplasmic vacuolations with sevesggition of cell plasma membrane, mitochondrial brene,
and even detachment of nuclear envelope develagange vacuole (Fig 3A).
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Fig2. (A) EGCG-induced cdll death iscaspase-independent. K562 cells were treated with 0.1% ethanol (cOnEisCG
or imatinib for 24 h, and subjected to Westerntibtpt(B) Z-VAD-FMK fails to prevent EGCG-induced cell death.
K562 cells were preincubated with 0.1% ethanoltforor increasing doses of Z-VAD-FMK for 1 h asdbsequently
treated with or without 200 uM EGCG or 1 uM imdtifor 48 h. The cell viability was measured basedhtracellular
ATP content. Asterisks indicate significant dilece from single imatinib treatment and significedifference for
EGCG-treated cells (P < 0.01).
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Quantification analysis of these distinct typesaif death by counting toluidine blue stained cgtiswed that
EGCG predominantly induced cell death with neciat@racteristics such as cytoplasmic vacuolatési(6&l +
5%) with lumpy chromatin with almost no apoptptidies (0.6 + 5%) (Fig 3B).

EGCG effect on imatinib-resgant CML cdls

In addition, we evaluated the effectiveness of EG@rds imatinib-resistant CML cells, K562/stiddeGCG
effectively induced cell death in imatnib-resistaML cell lines with similar IC50 value as for inma-sensitive
cell line, whereas this cell line showed strongstasce to imatinib (Fig 4). Moreover, combinaticgatment

of EGCG and imatinib induced enhanced (additivit)death in K562 cells (Data not shown), which jatally
reflects the fact that EGCG and imatinib triggstiict cell death pathways. Meanwhile, EGCG i®etqul to
have minimal side effects to the patients as thiecamcer drug, because EGCG did not show signffica
cytotoxicity to healthy peripheral blood mononucl2BMC) cells. These results suggest for the lpiissiof
EGCG as a potential anticancer agent that may @mwerahe imatinib-resistance, and worthy of further
pre-clinical experiments using mouse models.

<Summary >
We have demonstrated for the first time that EG@@gminantly induced necrosis-like cell death inLGidlI
lines via a caspase-independent mechanism, distinctmatinib-induced typical apoptosis. We hage a
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Fig 3. (A) EGCG treatment caused necrotic cell death morphology resembling ATP-depleted condition. K562 cells
were grown in glucose-free medium with 5 g oligoimyor ATP-depleted condition for 12 h; treatethvdi LM imatinib or
200 uM EGCG for 48 h and compared with the 0.1%netktreated control KS6B) Quantification analysis of necratic
(cytoplasmic vacuolation) and apoptotic cdlsinduced by EGCG, imatinib or AT P-depletion.
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Fig 4. EGCG was equally effective to induce cdl death in imatinib-resstant CML cdls  Imatinib-resistant K562
(K562/sti) cells were seeded at a density of 5*clls per well in 96-well plates, and treated Wittreasing concentrations
of EGCG or imatinib for 48 h, and the number obléacells were measured based on intracellulaic&fEent.

shown that activating this alternative pathwayliees) advantageous in overcoming the imatinib-aesiSiML
cells. Since failure in apoptotic machinery is ofithe features of chemoresistant tumors, thisypaetic effect
of EGCG can possibly be extrapolated to other dnutii resistant leukemia or other types of tumoitsshould
also be of interests to oncologists and immundogisfurther investigate the impact of the neciail death in
surrounding tissues and our immune response agaitsr.
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