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II. New Product Development for Human Health

H| 2 [Arsenic]0f|
st 24l

HEXE
SOrALO|H A
20144629

1. 2K(PAX-1, KMLOO1)7H Q| 7L

FrjFE A FE, BE AE TES S AFNEE B AAY =
2 Akro] He= AUt
olg3 HuE A &M At 10d Bk AAekE AT e A
S gtz &y
“ H|2[Aresnicl= ZRRF0| X HA”

B A () o] EAHE YA £ 92F 0%
A5 A% of % Wag md 28719 Art 97 Bl

oAM= ok HE F5 drolth

o Aol Mgld 7%= A o]o] A T},

- A de] ARE Vs gl olefdl)
o A o] u) AAE BEHFY /5ol AH AT
- cter v e J)5e AsEEoR Ay &

22 B0l QlOjME o B 287HX| WAL

[ Dy

Au

-

A ARRE @A PR 2D 1172 242 BEYTE ATAH)
AR o Ay FI1EE 477 st o solu A G4
A

=
T QAR EAEF SR sl Ao % Wkth, A ol g’
A2EE Fo] B g, A4 4 vt A RelFbd g7t gk, B



Jlo
Hl

= A Solth AAA KT e das BF 92F. AT 19l £
olA 9221 f-ehE7HA T

2 o7t A% guh web] of® Aavt S AEe B
& R0k waaked ofglel U1F & FEA7IEA Sobsof g,

1. 94 Aol g 7s gz ooz,
2. olwl YA4E RFTETA 7ol M
3. Y4 7l st o Ay 4 Qi

He
Li Be B I F ne
NaMs a5 S ~

BB sc7i v Cr MnFe Co Ni CuZn GaGe As Se Br K
Rb Sr Y ZtNbMo Tc Ru Rh Pd AgCd In Sn Sb Te | Xe
CsBa » LuHf Ta W Re Os Ir Pt AuHg TI Pb Bi Po At Rn
Fr Ra ++ Lr Rf Db Sg Bh Hs Mt Ds Rg Cn Uut FlI Uup Lv Uus Uuo

+ laCe Pr Nd PmSm Eu Gd Tb Dy Ho Er Tm Yb
++ Ac ThPa U Np Pu&mCm Bk Cf Es Fm Md No

Essential trace  Function suggested from active
elements identified blochemical function

27%. AL mAL F718A4 ] 7180] H&= v ¢
2 nFAdA gL AFH 4 =3NS I H
H

7 wHEe das. HE ATAY o7
o A~ .TOL

orefd ZIEH XMZ U N SSX[=H" +
£ LEACH K| BH T+ " SIS X|ZH 7+
“CHEE 253 A=H "+ " MEMY X =2H"

AAR 2 Aol ARE shiAM vhebd JFAl Az 9 oA Aok

o}

i<
2
ik
o

HHORIFE HZ o]

)
o

|5 A4 (¥ - 374 (BBB) 98%%F )

ko] wRAMEFS A BA, 7E HAAEA (H-AFH (BBB) 98% &)



7oz g g Ha glo] @A o] (Health care homes) 7} 713

Holot AuAl + dEAet A=A + vl e A T4 24

g 7hH oker BE ARE FomA =vh gl wnle] omm] At |ojehs
c_q:

2. MOk e (PAX-1, KMLOOL, 4 ZH: KOMINOX)Q| HI#L|ZE

HAEE] FR o] (Telomere) ths F2RJIAE ol 7S 2k Qv

Al Le] Fzn|of(Telomere) £ g/gAIL] BT} = Zpo]7} EA5o
BAAZAE FAAA FEFE vAA ATk

Mol A ©z o] (Telomere) Aol €A HAlES] HolHtt
PAX—1(KOMINOX) & ®=zw]o] (Telomer) 7} oW F-&55 AIE APE oﬂ
fiﬂm_i Agotie Hojek Ao vl axpHolnt. Hojok Al A
HAES] ol = Holek AR /o] Hol 20~30¥] st

/1A AR 4T S THH R dAst] FT THe ol =
713& ZEaL Sl

Telomere erosion

2]

PC-3

KMLOOT I qqn 48h HKMLOO 1 500 72h

H1838
Control HKMLODT ICqg0 TZ2h




2Fo ZPAF
7|20l M Nano-
Technology
Testing Ao 2
AOK(PAX-1,
KMLO001)2|
gotan 598
2151 HA|S
20004712] M=
AtEAY Zat

IJ| o (0’41960T —"

Anti-inflammation pro-inflammatory cytokines 1} signal transduction =%

LPS (1 pg/mL)
- + + + + +
NaAsO,
25 5 75 10
- - -
| D Gy ———
T — e ——

(M)

LPS (1 pg/mL)
. + + + + +
NaAsO,

25 5 7.5 10

iNOS

= e

COX-2

T ws

B-actin

Sodium metaarsenite (SMA) activity in vitro IC-50 range from 0.4 pm to 57.9 pm

=
-1

48 & 2

12y Frequency distribution of IC-508
g w
% = % Freguency
i ] Hirs interval 0.5
E
]
E
g
14
) (W T I |
oo 100 150 200 Z50° 300 350 400 450 BOO BED
BC50 B Candar

Mean

Mear



R

T R

=28

of

Nano-Technology Testing Zi} 4

AT VIR R 20009708 HAEE AAst S AnlelA Aler(PAX-1,
KMLOOD) & A1 7BEE 0.1ym%FH 57.9m §FCZ HFHs A7 5 447 b
Ao YA Bt FLaHs

(Al el Fdast 54 BHow

QA A ER o) 87 10m o)t Y AAE AL
20099712 SFAEZFE 90% (18097)) 7} A1k (PAX—1, KMLOO1) &2 7§ & 7}

se BTl gl

A FEANE A £ (7.5mg/day) 5me] 10mo] &Fol A
T2 (10~15mg/day) .2 X7 7FsAS HoFa 9

A T =

KX

.

F 5B AYARE Fust] Ao P 9T A9,

g 7 AR 90% TR YAESS AFEAIYE RS W] ogE Zloly
ol st oz ¢TH A,

3. MOKPAX-1, KMLOO1) X27|H =5

KMLO01S HUH LA &0 Aznjo] NHo] AFste] HAzujojE 24X
=M, Nx AEE FEST

4

zuot oEl gy o, Wed Weyt MP JohRe’ mE L. AE=®, oyl
J. ORE, gtA e A® obdlalzt MowA

R A&71¢ -
1,2.0]= ojdicnst, Mzfist . oFejst, A :
3. U], Ee, YEjwo], HiEHE ourjsl, ¥ AROIE TukE & Al
g
4. =9, Zejo|y 1, mafo|lHatfist, SRAEEES A+4a
5. Ygate, Moaic, dl=alA okF 7AE

ol ] X]¥Y(Grant Support) : (£X)Z0|T, =2
dd(Note) : o] =% HF Ag(data)s  FFLAFAI(Clinical Cancer
Research)?] 91E|Yl A}o]|EoA] A & 9lo



&
inl"_c"l':(0'41960T‘*‘ -

Cancer Therapy Cancer Therapy: Preclinical

: Preclinical
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KMLOO1 Cytotoxic Activity Is Associated with Its Binding
toTelomeric Sequences and Telomere Erosion in
Prostate Cancer Cells

Pornima Phatak,! Fangping Dai* Melody Butler,” MLP. Mandakumar,® Peter L. Gutierrez,
MartinJ. Edelman,® Hans Hendriks.” and Angelika M. Burger™

Abstract Purpose: KMLOO1 (sodium metasrsenite) i an orally bicavailable srsenic compound that hes
entered phasa VIl dinica trials in prostate cancer. In this study, we elucidaed the mode of action
of KMLI and investigated its effects on telomerase and telomenss.

Experimental Design:\We compared telomers length to KMLDO1 cytotosxic activity ina pand of
human solid tumor cell lines. Duration of exposure and concentrations of KMLOD that affect
telomerase and telomerss were evalusted in relation to established me chanisms of arsenite action
such s reactive ooygen spedes - related DMA damage induction. Binding of KMLOO to telo-
meres was assessed by matrix-assisted laser desorption/ ionization mass spectrometry.

Results: We established a significant imverse comelation {r* = 0.9) between telomere length and
cytotoxicity. KMLD 01 exhibited activity in tumor cells with short telomeses & concentrations that
can be achieved in serum of patients. We found that telomerasa is not directly inhibited by
KMLOO. Instead, EMLOO1 specifically binds to telomeric sequences at a ratio of one moleculs
per three TTAGGE repeats leading to translocation of the telomersse catalytic subunit into the
cytoplasm. In prostate cancer cells with short telomeres, EMLOO caused telomere-associsted
DMA damage signaling & shown by y-H2ZAX induction and chromatin immunoprecipitation
sasays aswell a3 5 mpid telomers erosion shown by metaphasetiuorescence i sitw hybridization.
These effects wers not seen in a lung cancer cell line with long telomeres. Importandy, arsenific s
tion of telomeres preceded DNA lesions caused by reactive moygen species production.

Conclusions: Sodium metzarsenite is a telomers targeting sgent and should be explored for the

treatmant of tumors with short telomere s,

Arsenic-hased phamaceuticals have heen used in traditional
medicine for centuries. Because of the successful use of asenic
tricdde (As(3) for the treatment of acute promyelocyiic
leukemia (APL) in China, amenicals are experiending a revival
in modem cancer medicine [1-3). Arsenic exists in trivalent
and pentavalent oxidation states as chemically unstable sulfide
of oxide of asa salt of sodium, potassium, or calcium, Trivalent
arsenicals, including sodium metaamenite | Mafs(h,) and
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arsenic triovide, inhibit many enzymes by reacting with
binlogical ligands that possess available sulfur groups (1, 2, 4,
5). Despite many medical uses, chronic exposure 1o arenic has
been assodated with an increased incidence in cancer of the
skin, lung, bladder, liver, and kidney in humans (&), However,
the treatment of APL patients with amenic tioxide is genemlly
well tolerated and shows neither bone mamow depression nor
other severe clinical side effecis, Moreover, no increase in the
incidence of secondary malignancies has been observed with up
to 10 vears of follow-up in APL patients who received amenic
tricadde in the initial smdies. It is dear that the use of arsenite
for anticancer therapy is safe and effective in both shom-term
and long-term (3, 7).

In vim and in wra studies have shown that arsenicals case
chromosome abnomalities, including an increase in the
frequency of micronude, sister chromatid exchanges, chromao-
some abemations, and gene amplification. The compounds
have also been reported 1o induce DNA and chromosome
damage, inhibit DMA repair, and modulate DNA methylation
in- mammalian cells {8-10], i ha been suggested that the
latter effects are a msult of the generation of reacive oxygen
species [ROS; ref, 11).

Recent studies, however, have shown that arsenic rioxide can
alter telomere length (12], telomemase activity (13), and
telomere binding proteins (14}, indicating that the telomers/
telomerase complex might be a diredt target of arsenic ioxide.

Clin Cancer Res 2008,13(4) July15, 2008



In a wlomemse RMA component knockmu mowse model,
arsenic-induced “idative stress” promoted telomere attrition,
chmmosome end-to-end fusion, and apoptotic cell death (15).

Amenic has also been found to be a potent inhibitor of the
ransription of the human eomense weverse ransoiplase
[WTERT). This etfert appeam at doses comparable with or lower
than thase dinically achievable, The effect may result from a
diminished level or function of wo transcription facors, c-My
and Spl, which are both imponant for KTERT expression (9],

EML L, sodium metaarsenite, is an omlly bipavailable
water-soluble, trivalent arsenical. KMLOO1 has shown potent
cytotodic activity in solid human tumor cell lines and
xenografis and is aurently undergoing phase 111 clinical trals
for the teatment of human pmostate cancer (mf. 16 and
investigators’ brochure), Although litide is lmown about the
mechanizm(s) of action of KMLO0, in a smdy involving both
KEMLO0L and amenic tdoxide no major differences were seen
with respect to gowth inhibition of leukemia cell lines and in
assays asseszing the induction of apoptosis or effects on hTERT
transcription. It was observed that the indunion of apoptosis
was accompanied by down-regulation of hTERT mBENA in
leukemia (17).

Inthisarticle, we repor the effects of KMLO01 on telomemase
enzyme activity and hTERT expression at the mBMA and
protein levels as well as on telomeres and telomenic squences,
In a panel of solid cancer cell lines, we compared telomere
length to the sendtivity of the cells to KEMLOOY. By using
KMLO0 1 -responsive prostate cancer cells, we carefully examined
the dose levels and the time course/sequence at which these
effedts oorurred and comelated them to that of established
mechanizms of arsenite adion such as oxdative stress
induction. Cur resulis indicate that telomerase activity is not
directly inhibited by EMLO0T and that ROS produdion is not
the cause of telomere emsion; instead, our data suggest that
EMLO0T blocks the replication of telomenic repeats and induces
rapid telomere loss through diren elomere hinding.

Materials and Methods

Cell culiure and drgs.  Human prostate [PC-3 and DU145), colon
[HT29), lung (HIBIE) and huian breast cell lines (MOFT parental)
were purchaed from the American Type Culiwre Collecion. The
ovarian cancer lines A2780 and A2780as [cisplatin-resistant) were from
the Eiropean Collection of Cell Culues; the ostecmarcoma cell line
Saem-2 el dve humman embryonic kidney cells HEK293T were kind gifn
from Dir. Arwn Seth [Sunmybrook Health Sciences Centre). MOFT stably
temsfecied with an empty green Musorescent protein reporer gene vector
[MCFT wt WTERT) and with this vedor exmessing mi hTERT
{dominantnegnive KTERT) were generated o reported previously
[18). Cells were grown wnder standand wnditons (5% 005 37°C,
humichified stmesphere] in ther mspecive recommended medium
such o RMPL 1640 or DMEM [Invitrogen) supplemented vath 10%
FCS (Hyclomne] and pamaged moutinely. Stably tramsfecied MO were
kept under CALR seledtion [800 pg/ml; Calbiochem)

KMLODL (sodiem metzamenite: Komines) was oblaied fom
Fomipharm Imemnatonal 50 mmol/L dng stocks were prepaed in
PES, and aliquots were stored a1 -20°C The sioch solutions wee siable
fior =1 yeat, Warking concenirations wene [reshly prepared daily by
diluting ihe stock with complete RPMI 1640,

In vitro cpotoddly asry, The 304, S-dimethyldiazol 2v0).25
diphemylistrarolnm bromide [(Sgma) amy wa wmed o measue
KMEDOL effects on cancer cell prolilemtion following the procedure o
demcribed by Alley et al [19). In brief, 2000 cells per well were seeded

Clin Cancer Res 2008,14(14) July15, 2008
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imbo Bhewel| plates [Nune) m complebe medium and cells vere allowed
1o attach ovemight at 37°C in 5% OO0y, Drog was sdded in final
conenirations mnging between 0000 and 100 pmol L in replicites of
&, Aasrys were terminated afier 5 day of comtimens exposire 1o dneg
by adding 3[4 5-dimethylthiazol 24 )2, Sdiphemdietrazolium b
midde. The resubling purple fommazan was mesured i 550 nm wsing
a Synergy HT Multi-Detection Micooplate Beader and KC4 softwane
{Bio-Tek). Growth inhibition was agemed a5 inhibilony concentration
I (1C0) aind 100% (G 50) compared with wehiclerested contrab
and selative to cell growty a the time of dng addition (day 0). Three
independeni experments were done.

Mean tdomere restriction fragmant lemgth,  The Roche Diagnostio
TeloTAGG elomere mestriction fragment [TRF) length kit was wed
according 1o the mamufactiore’s insructons [Roche ) amd as deerbed
by 1o e | 19, TRF lergth in tumer cell lines was compared 1o the i
viro oyiolomic acthvily of EMIODT by wing the Spearman mnk
coefficient Lest ( 18).

Telomeric repeal amplifimion prowml ey, Telomense ewyme
activiy was meamered by telomeric mpeat amplification protocol
[TRAP) amay in cell exiracts treated with KEMLOO1 o sl sl
comeenirations ranging from 0.1 b0 2000 pmol/L and in cell ysies of
cells that were teted with BMLOOT at 10, and 10, anceninabonm
for & and 24 b, respectively, For the TRAP amay, the TelTAGGL
Telomerase PCR ELISA kit [Roche Disgnostics) was wed as reporied
previously | 20). The TRAPee kit [ Inergen) was emploved 1o messume
KMIDOL o st effecs on PC3 cell lysates Total cellular protein
(250 1ng) vas wsed for each PCR The PCR products were separated on
2 5005 PACE gel as described {20).

Quantitative hTERT raal-time PCR. Total RNA was extracied {rom
cells treated for & and 24 h with ICzo and I0we conenimation of
KALOO1 and vehick contiol (PBS) by wsing the OQiagen RMNeasy mini i
[Ciagen ] Quantitaive detection of WTERT mBENA was done with the
commercially available LightCycler TelsTAGGE WTERT Quantification
kit [Roche Disgnestic] wsing the LighCyeler imstrumen [Rodie
Moleoilar Systems). The realtme proedure was esentially done
according to the mamefachmes’s imtmclions: WTERT.enmding mRNA
wn first reverse transeribed | 10 minat 60°C) followed by deminrmation
(303 &t 95°C) ndamplification of a 198-bp fragment of the generated
¢DNA in A0 PCR cycles (05 s a1 95°C, W at 60°C, and [0 s & 72°C)
with specific primen in a ane-siep real dime PCR. PCR wan done with
100 ng/ul total RMA wing primens for hTERT and primeni for the
honesekeeping gene porphobilinegen deaminae. The porphobilinogen
deaminae reaction produc served aaa control for real time PCR and
o reference for normalization and relaive quantfication of KTERT
mAMA To establish an exiemal standard curve, all experiments
incheded five standards with in v ransribed HTERT mRRA
containiig 10% 1o 15 copies a5 well 2 total RNA purified from a
hTERT mRMAexpressing @l line supplied by the detection kit
Ml e free water withowl emplaie wes emploved 2 negative contmal.
Results were expremed o KTERT copy mumber relative & porp hobili
nogen deaminae.

Fmmmofhorescance and immemoblbing.  The phosphorylaied his
ot TAX [y HIAK Ser'™) antibody was purdhaed from Upstate, ant
WTERT was puichassed from Movacsta, and ami-Bdipdroy. 2 deoay.
puansing (Boxo-dG) was purchased from Trevigen [clone 4E9). Al
pr iy anilibvodies were mowse monoclonal; mouse monoclonal FTTC.
labseled secondary antibodies vere from Sigma WTERT and y-H2AX
sining was done m described before (21, Far Bono-d saining, the
fined celb were denatured with 4 N HCl for 5 min followed by
neutralteation in 50 minol (L Tris for 5 min. Afler neutralsation, cell
wete blocked o 30 min in 10 mmol'L Trs-HCl with 10% F2S
folloved by Lh incubation with primary antibody {1300 dilutons)
and 30-min incubation with secondary antibody (1:100) at room
pemperatire. Sliddes were wahed with PES and couniersiained with 476
diamiding2-phenylindole [DAPI] Photomicographs were bhen al
63 magnification wing a Leica DMA000 microscope and 5.0 Openlab
Improvision software io.document and quanify signala. Chaantification

www.aacrjpurnals.org
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of yHIAX was done by meamming mean luorescence intenmsity of the
nucki wsing a binary laver 28 2 mask. Briefly. the region of interes was
drawnannund every macless in a given feld of view wo make e binary
layer amd obijects were measmed by Boolean operation. At least 100
nucki pet experiment were evaluated. The averages for unireated and
treated cells were calanlaed sepatately fram the memped objscs and
the mean intensity was presented in the form of 2 bar diagram.

Trumazinohlottiveg for - HIA X wan done s described by s belone {21).

KMLOT binding 1o artificil idomees.  Measmement of EMLOO1
bimding to 5[ TTAGCAG] 37 [ artificial tebome res) was done by adopting
the method described by Bhilashd and Lippand for caplatin telo mene
binding {22). Iratead of atom alsor ption spedrosopy. high-resolution
matrbeasisied laser desorptionfionization [MALD) mam specromery
was wed. Mam spedra wene obmed with an Axima MALDI timeof-
Night mass specrometer (Ko /5 himade).

Telomeric and imiant sequenes were snthested by our Biopaly:
meer Cone Facility, Cisplatin (1 mg/mL; Novaplis) was used asa peaitive
comtrol fof the tekomeric DNAbinding asay. In brief, olgoms]eotides
and KMLODT were inoubated for 24 b at 37°C a1 a fived molar rtio of
110 in 10D pl. aqueows medium. The TTAGGE sequende wen
ingulsated with dngg for additional time poinisat 48 and 72 hand then
drient wmiing 2 Speed Va system and the pellet was nemmpended in 2.5 pl
Fohydmoypicaline acdd mavte [Sigma-Aldiich) before MALDL was
done

Metaphase spreads amd telomere fhoresence in st Iybridizaio
Ceells were grown o T0% confleends and treated witli 023 and % pmaol fL
(G PC3) or 14 and 25 pmol/L (HIA3E) EMLOOL of PES [vehicle
control) for24, 48, and 72 b in a T75 tsuwe culture flask. Supe ratants
were then replaced with medium contaming 10 pg/iml abemide
[trvitrogen)) and incubvabed for 90 minat 37 C Cells were procesed and
alidken weere prepared a dimeribed before [21). Slides were dried at room
et ature for at least 3 b before the hdmdization procedun.

All lman telomere probes labeled with a thodamine Tuomphore
[PAHTI000R, O -Bicgene) were ussd for nbridization o metaphaie
preparations of PC-3 cells following a proscol provided by the
matnefachurer, The chnomosomes were conlemstained with DAPT (bhig
Sigma). Images were caplured with a thod amine/DAPLFITE fijale-
bamd excitition filier (sciation wavelengths 535560, 395410, and
490505 nm ) alkowing the dual detection of red [rhodamine] and hlse
[DAPL) at a = 100 magnification with an AXT0 Olymypus fluorescence
nicrosmpe Telomere signal wa quantified by ounting deteciable
Lelamere repeas {thodamine red) in metaphoe chromosomes and was
expremed @ percem of tolal chromosomes counted. AL lemst 100
chromesomes were amessed and die eperiments repeated three dmes.

Chomatin mmmaprecipiaton asay.  Logaiihmically growing
PCA aells [107) were weated with KMLODL at the 1C, o conentration
[% pao (L) for 2. 8, and 24 b, Coniol cell were treated for 24 b with
vehicle [PBS). Chromatin inmnmopredpitation (ChiP) amas for
stcdying the specific asoiation of yHIAY with telomenc epe
sequenes were eme it lly done as described by &'Adda di Fagagna et al.
[23). In brief, ells wer wsbed wice with PES. fixed in 1%
farmalde lnide in PES for 10 min ai 37°C, washed with icecold PES,
and lysed in 1% 505 50 mmalfL Tris-HC (pH 80); and 10 mmal(L
EDTA at a density of 107/ mL Lysates were sonicated & shear the DNA
and centrifuged for 10 minal 4°C. Lyssies (200 pL) dilwied with L8 mL
af 00l% 504, 1.1% Triton X100, 1.2 mmal/L EDTA 16.7 mmal(L
TrsHC! (pH 840), and 150 mmol(L Nall were precleasd with a
prodemn G ples'protein A sorose supension [Calbiochem ) jsalmon
aperm DA (Sigma), Lysabes (2 pg/500 pl) of contmol TG (e
Santy Cruz Biotechnology), mosme monockmal amiplospho-HIAX
[Upstate; clone TEW30L), or telomere repeal binding factor 1 antie
buackies | Banta Crae; clome Co19) were added and moubated ovemigln a
4°C Immunoprecipitated pellen were wathed with 001% SD5 1%
Triton X100, 2 munal/L EDTA (pH £0), and 20 mmal /L Trs-HC {pH
B.0) containing 150 mmol'L Katl in the fist wash and 500 mmaol/L
WalCl in the second wash, Futher washes waere with 0.25 mol'L L),
1% NP-40, 1% sodium deoxpcholaie, 1 mmol/ LEDTA (pH £.0), and 10
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memal /L T HC (pH 8.0) and with 10 mmol/L Trs-HC] (pH 8.0) and
b memad L EDTA. Clromatin was eluied from the bexds with 500 pl of
1% 505 and 0.1 molL NaHCO. Afier addition of 20 pL of 5 mol/L
Hall crom-links wene teversed for 4 b at 65°C. Samples were then
treated with 20 pL of | molfL Tris-HC (pH 65), 10 pb of 0.5 mal (L
EDTA, aid 20 pg proteitase K [Qlagen) and ionbated a1 45°C for Lh,
Phienol chlomform adractions wer done and the DNA v jrecip ilated
overnight al -B0°C. The precipitate was dissolved n 10 pL water and
dematured 3t 95°C for 10 min and 250 ng DNA wa spoted omo
Hybond membranes [GE Heallhare] with 2 Schleicher & Schuell
apparats [Whatman). Membranes were then developed using the
TeloTAGGE telomere length amay kit Roche). Signals wer quantified
g Lhe WIH Image] software by meanming the mean signal mensity
[gray scale] value and its inegrated density, Resuling abmolute
imlengites were delermined and a relative miesity vale was obtined
by dividing the absohie imensiy by the absolule iensity of the
control samyple.

Statistim] fests. Satstical significance between two ireatment
gronps was evaluated wsing the Students L st P oo 0005 was comide red
significant The sofivare packages wed were SPE5 2000 Sigma Plot and
SYSTAT version L [SYSTAT Sofiware].

Results

Cytotoxic activity of KMLOO in human cancer cell lines is
correlated 1 thefr telomtere ength We tested KMLOOI in a
panel of 10 cancer cell lines and the embryonic kidney cells
HEK293T (Table 1). The cancer cell lines induded the
ostensarcoma Sans-2 a cell line without telomerase that
maintains its telomeres through an altemative lenghening
mechanism, The oytotoxicity of EMLOOT in these cels was
compared 10 their telomere length (Table 1; Fig., 1A and B).
Among prostate, ovarian, lung, breast, and colon cancer cell
lines, the prostate cancer cell line PC- 3 was the most sensitive 1o
KMLOOT [1Cg, 0.23 pmolfl) and also had the shortest
telomeres (2.5 kh), The altiemative lengthening mechanism
cell line Sace-? was the least responsive to EMLOOL [ICg,
25 ymol/L) and had long telomeres (TRF length, 13.5 kb).
There was an =100-fold difference in the ICsq values (ICsq ratio,
108.7) berween these nwo cancer cell lines [Table 1; Fig. 1). The
human lung cancer cell line HI&38 (13 kb] with a TRF length
similar to that of Sans-2 {Fig. 18} showed also a high [Cg, mtio
{60.8) relative to PC-3, HEK293T nommal kidney cells despite
having the longest telomeres were mlatively sensitive to
KMLOOT (ICg, matio, 13.5; Table 1; Fig, 14 and B). In peneral,
lower 1Cs, valies comelated with shorter telomeres and vice
versa (Table 1); when we applied the Spearman rank
correlation coefficient test 1o the cyotoxicity and elomere
length data, a significant correlation coefficient of r* = 0.9 was
found, indicating an association between telomers and
cyotcricity of KMLOOT (Fig 1C). The correlation was most
pronounced among the hreast and prostate cancer cell fines
(Table 1),

The prostate cancer cell lines PC-3 and D145 were sdeqed
tor the subsequent molecular smidies hecanse of angoing phase
I1 clinical trials in prostate cancer and their short telomeres, The
HE838 lung cancer cell line was used as a cell line with long
telomeres and to contrast EMLDO1 effeas in shon telomere
cells

KMLOOT effects on telomenase activity and hTERT. To 1est
whether KMLOOI has an eftert on the enzymatic activity of
telomerase or its catalytic subunit hTERT, we made telomerase
extracts from PC3 cells and added EMLOOL at various
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Table 1. Correlation between TRF length and growth Inhibition by KMLOO1
Cell line Mean + SO Fold ratio ICxo Rank Ifza Mean + SD TRF TRF rank
ICsy (ol /L) length (kb)
PC-3 [ prostate) 0.23 + 0.04 Lo 1 25 +0.21 1
DU145 [prastate) 24043 8.7 3 4.26 + 0.14 3
MCF7 parental (breast) 24035 BT 3 55+ 0.28 4
MCF7 wt hTERT 233+ 043 10.1 4 55+0.21 4
MCF7 it WTERT 0.9 + 0.04 39 2 31+032 1
AZTED {ovarian) 2.5 +0.23 109 5 6.2 +0.28 5
AZTBOCE 26 + 014 113 13 10 + 0u35 7
HEK 2537 [embryonic kidney) 31+23 135 7 16 + 2.47 10
Sa0s-2 (ostensarcoma, ALT) 25+ 5 108.7 ili] 135+ 070 B
HT25 {colon) 35107 15.2 B B.6 + 0.42 6
H1B38 (lung) 14 1+ 4.3 608 9 13+0 9
NOTE: IC., ratit, IC., value o a cell line divided by the TG, vahee of PC-3, the cell fine with the shortest tdomens and highest sensithity to
KMLODIL,
Albreviation: ALT, altemative lengthening of telomenes.

concentrations to the TRAP assay reaction (Fig. 2A), We also
measured telomerase activity in lysates of prostate cancer cells
that were treated with KMLOO1 at [Csg and ICiag concen-
rations, respectively, for & and 24 h before isolation of
telomerase (Fig. 2B: Supplementary Fig. 51A). The expression
of hTERT was further assessed at the mRNA level (Fig. 2D,

We found that KMLO0T had no diren effect on telomemse
activity evenat concentrations & high as 20 umol/L [Fig. 2A).
Similarly, little effect on telomerase activity was seen in PC-3 or
DU45 cellz that were treated with EMLOOT for & h hetore
emmction of telomemse (Fig. 2B} At 24 h, a small [nom
significant; P = 0,05}, dose-dependent inhibition of tlomemse
activity was evident at the [Cq, and T4 concentrations of
KMLOO (Fig 2B; Supplementary Fig, S1A). In line with this,
telomerase protein, as exemplified by the catalytic subunii
hTERT, was found relocalized from the nuceus ino the
cytoplasm at 24 h, with a more pronounced effect seen at the
IC g in prostate cancer cells with short telomeres (Fig. 20
Supplementary Fig. $1B). The displacement of hTERT from the
telomeres renders the enzyme nonfundional and might
contribute to the inhibition of enzyme activity seen in the
TRAP assay after 24 h (Fig. 28). In hung cancer cells with lang
ielomeres a translocation of hTERT from the nuceus into the
cytoplasm was not evident within 24 h (Fig. 2C).

Another possible explanation tor the inhibition of telomer-
ase adtivity by EMLOOD in intac cells [Fig. 2B) but not in
telomerase extracts (Fig. 24) could be the down-regulation of
hTERT expression at the transcriptional level. To asess this
possibility, we did eal-time PCR anahges with RMNA exracied
from BEMLOOI-treated PC-3 cells and observed that WTERT
mANA expresson was indeed dgnificantly inhibited at the
ICqg after 8 h [P = 0.04) and the [Ty, and IC, 4 after 24 h
(P = 0.002 and 0.003, respectively; Fig. 2D). These
ohservations are consistent with prior epons on arsenic
wimdde (9, 17). Together. the data suggest that tedomemse
activity is inhibited predominantly as a result of effecs of
EMLOOT on telomerase tmanscription and perhaps the
displacement of hTERT from telomeres as well.

Direct binding of KMLODT to telomeric sequences. [t is well
established that metal species have high affinity for the central
guanine in GGG miples of dupler DNA (22 24, 15). For
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example, cis-diamminedichlomplatinum {cisplatin} is known
0 torm WNY-P-N7 GG intmsmand cross-links. The G-rich
sequence of telomeres [ TTAGGG)s, which extends beyond the
Crich strand in human telomeres for — 130 to 210 bp has been
shown to reant with dsplatin (22, 24, 25), It has been proposed
that cisplatin might specifically poison telomeres because no
transcripion products from elomeres exigt, Thus, damage 1o
telomeric DHNA will not he repaired by the tmansmiption-
coupled nuclentide exciion repair system, On the other hand,
double-sranded coding DNA will be repaired [22). Arsenic
trioxide was also reporied 10 interac with DNA and RNA at
G-C, A-T, and A-1] bases [26), To test whether the tnvalent
arsenic compound EMLOOE can bind 1o elomeric sequences, a
possibility that could explain the hTERT displicement data, for
example, in Fig. 2C, we inubated anifidal telomeric sequences
[ITTAGGG Jyand [TTAGGE )| with KMLO01 and used dsplatin
as a positive control. KMLO0T or csplatin and [[TTAGGG)s|
were inmubated at a 1:10 mtie for 24, 48, and 72 has shown for
the 24-h incubation at 37°C in Fig. 3A The addition of
KMLOGH to telomeric sequences led to a shift in molecular
weight of — 130 mfz (mass-to-chamge ratio} by high-resolution
MALDI mass spectrometry. This is consistent with the addition
of one molecule of KMLOOY [molecular weight, 129.91) per
wriple telomeric repeat (Table 2 Fig. 3A). A longer incubation
time did not change the number of molecules binding o the
triple TTAGGG repeat sequence but showed consistently the
addition of one EMLO0 ] malecule [data not shown ), When we
used dx telomeric repeat squences [[TTAGGG )], two mole-
cules of KEMLO0T were found 10 be bound [Table 2). Mutation
analyses revealed that guanine and the vicinity of a thymine
hase to the guanine triplet are important for KMLOOI hinding
[Table 2). Hexamuclentide repeats consisting of all muanines
bound four molecules of KMLO0L. TTT and three consecutive
guanines bonmd 2 molecules of KMLODL, wheras AAMGGG
showed no KMLOO1 binding, suggesting that the presence of an
adenine in the TTAGGG repeat prevents a higher asenification
(Table 2). Likewise, all A and all T hexanucleatides did not
bind BEMLOOL. When dsplatin was added 1o [TTAGGG)s
repeats, three molecules were bound, indicating that one Pt
interacts with a GGG triplet (data not shown) & eponed
before (22, 25).
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To evahute whether KMLO01 binding to telomeric sequences
has hiological consequences for telomere mainienance in
cancer cells and whether an etfeq woukld be eomere length
dependent, we exposed PC-3 and H1838 cells to KMLOOT ey
and IC,, concentrations for 24, 48, and 72 h and did
fluorescence i sim hybrdization analysis with metaphase
preparations and all human telomere probes [chromosomes in
blue and 1elomeres in red i Fig. 38-D). Although 1Cetreated
PC3 metaphases showed little difference compared with
contml cells at any time point {Fig. 3B), we observed a
relatively mpid ercsion of entire telomeres staring at 48 h of
exposure 1 EMLI0T at the ICyag. At this time point and dmug
concentration, each chromosome in PC-3 metaphases had lost
iwa of their four telomere signals in a mndom fashion that
seemed not related to a specific ercsion at the long or shori
arms of chmomosomes (Fig 3C, b). Counting of detectable
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telomeric repeat signals in 300 metaphase chromosomes
revealed that 39 + 28% of the telomere signal was lost
(Fig. 3B P = 0.0014). Seventy-two hours after KMLOOI
exposure, very litle telomere signal remained (16.5 + 4.9%)
and meet of the chromosomes had almost completely lost their
telomeres (Fig. 3C, ¢; P = 0.0011), This is also evident from
interphase nuclei as shown in Fig, 3C (bl boced inserts ). In
contrast, in H1838 cells (TRE, 13 kb). even a 72-h exposure to
KMLO0 IC, 5 concentrmtions did not caumse loss of tdomere
signal compared with contml cells (Fig. 3B and D, a-b). These
data support the telomere hinding/ poisoning hypathesis out-
lined above. Effects, however, appear 10 be KMLO0T concen-
tration dependent and telomere length dependent.

Specific induction of telomere-asociated DNA damage by
KmIg01. The “umcapping” signal for growth arrest, which is
triggered when tdomere-mediated chromosome end protection
becomes insufficient due to reduction in telomere length and /o
damage to telomere stmciure, has recently been elucidated
(27, 28), It activates the double-stmand break- mediated DNA
damage response pathway, berase a shom, dysfuncional
telomere can resemble a doublestrand DA break [28).
Phosphorylation of $-H2AX at Ser'™ is a very early event of
double-strand  break DMA damage signaling and has been
desribed a5 a marker for telomere-initiated DMNA damage
checkpoint response (21, 28). We have therfor eamined
whether telomere bindingand loss of nuclear hTERT following
KMLOO T treatment would lead to a concomitant induction of -
H2AX in cells and found thar this is indeed the case [Fig. 4A-D).
HIAX is phosgphordated in a concentration-dependent manner;
mare y-HIAX toci were detected in PC-3 and DU145 postate
cancer cells treated with [Cia0 concentrations compared with
ICq concentrations of KMLOOL (P < 0.0000; Fig. 4A-B
Supplementary Fig, S1C). Inducion of 4-H2IAX was seen as
earty as 2 h after reatment of PC-3 cells with KMLOOL at both
ICey and IC, 5, concentrations by immunoblotiing (Fig. 4C).

H1838 lung cancer cells, however, did not show any evidence
of -HIAX fomus formation at 24 h and 10, 4 concenirations of
KMLOO1 (Fig. 4A).

To assess whether EMLOOT trearment causes a specfic
assodation of phosphorvlated H2AX with telomeres in
responsive prostate cancer cells, we did ChP assays with PC-3
cells and anti-y-H2AX aniibodies and probed the precipitated
protein/DNA complexes with telomeric sequences
[[TTAGGE),; Fig 4D0). We found a progessive accurmulation
of +H2AX-bound telomeric repeais consistent with the
Western blot data in Fig. 4C for 4 HIAX expression. Marked
induction of telomere-associated -H2AX protein [2-fold;
signal intensity, 1.7) was found 2 h aher exposure to EMLOOT
and was funther increased to 5-fold (signal intensity, 10.4-10.7)
over control after & and 24 h {Fig 40). ChiP with the telomere-
associated protein telomere repeat binding facor 1 (used as a
positive control) detected a weak TTAGGG repeat signal in
contml-reated PC3 calls, whereas the use of mouse [gG
{negative comml) for the immunoprecipitation did not pull-
down any telomeric sequences (Fig. 4D, suggesting that
spedific telomere ssodated DNA damage ocours. The latier
was compared with DMA damage caused by amenite-induced
ROS production. The formation of & mo-dG in response to
ROS is well established and 8-ox0-d( is commonly used asa
marker of oxdative gress. We have stained PC-3 and DLUIT4S
cells with anti-8-oxo-dG antibodies in pamllel to the y-H2AX

Clin Cancer Res 2008;14(14) July15, 2008

13




R

A B oo
Vo gutMLO0T .y 12
y £ 100
% ] pud,17
< B p=0.07
7 6
£ o]
2
&
#
KMLopf s vt 4 *
Bhrs 2dhrs
C D
PC=3 H1838
hTERT TERT&DAPI RWTERT TERT&DAPI
20
184
Contr. E‘m-
= 14 pe0.0d
Lt -
g 121 p=0,002
p E:m-
KMLOD / § 0 o 803
Egg 24h : 5
y g 4
2_
KMLOD1 f o- e
e 24h I KMLOD1L™ Il |
b Bhrs 24hrs

Fig 2 Effects of KMLO{1 on tsomerase A, pofyacrylamide gel with the typecal handing patien of hecanucleots mpaas indicating ismensss activity in readtinns fom
thaT RAP assay Telomemas actvityin PG -3 oolliysates that wees remind with ditfeesnt conceniation of KMLOD (0.1 20 gemal /L) JTAS, intermal bom sesn assay
standaed; fane T negatie coneol= PC-3 sam holed a1 86°C for W0 min; Bnel, PC-3 ool hysaie + KMLOOT 20 pmal/L; fane 3 PC-3 ysate+ 10 pmol/L; faned. FC-3ysae
+ b pmal/ L; bne8, PC- e + 26 pmol/L; brod, PC- 3 hsate + 006 umol/L; fsne 7 PC- Jbysabe + {0 pmai/L; fene & postre control = Hela ool extrad from et

£, wlomeca sctivityin PC-3 calls By TRAP PCR-ELISA. PC-3 cals wer s tmated with vahicls (). 15, (@) 8nd 1 () concentrations of KMLOOT for 8 and 24 h. Pacent
contmlofabsorhance 51450 nm values fom tha TRAP ELISA- Mem + S0 of thes indepandant evpesmans. The shsoshancs of contral ool was sat 25100% (maan
shsoshancer PC-3 mnteol, 85 =186 + 0%0: Lo 8 h=192 + 0037 10,5, 8 h=184 + 0045 PC-3 conirod 240 =272 + (265 I, 34 h=2.02 + 0013% Iy,
241 =187 + W03 Top of cofumen, P values bassd on a teo-taked Student's £- e C, mmunofucsscenos staning for fTERT prodesn. Tap, PC-3 and HIE3E calls trearied
with whiclascontenl (PBS) show nucikar fTERTstining (geen)y Diftuss FTERT staiming i seen in the nucleopism with an scoumulation of HTERT in the nudeoil. Aiodle. PC-3
cedh Taatsd with KMLOOT for 24 hat 023 gmal /L (10550 or H1838 calk Tamied tor 24 h weth 14 gmaliL (IC,) Battem, PL-3 colls meated with Samal/L (ICq.0 KMLIDT
or 1838 cels wnated with 26 gmai/L | G 5,) KMU for 24 h. A concm e mn-depandent transiacation of ATER T #om nudsi nin oytopksm is seen in PG -3 cdisonly
(wehiie avenwer). Colls were onunbees tined with DAP] (hivg DNA). Bar, 16 jom. £ effocts of KMLOO on the expresson of HTERT mANA_ PC -3 oafls were tmated with
wehicle (g, 10, (B0, and IC,, () concmeatons for 8 and 24 h. Mam + 5D copy number miatee 1o he housskesping gans posphobiinoge dasmnase. Repressntrtve
experimant of thees independent sxpeimen s A sk, stitstossignfioance baed on a two taied Stdents £ test

immunaofluorescence experiments and found that S-oxodG
lesions ocour much later and at higher concentrations of
KMLOOL [Fig. 4E Supplementary Fig. 51D). A caretul titration
ot drg concentrations (e, [0z, ICaa and a0} and a time
conirse aver 24 h revealed that ROS-induced B-oxo-dG appears
not before 24 h and exclusively at the 105, of EMLIMI in PC-3
cells, D145 cells tormed very little B-oxn-d G even at the 1o,
of KMLOOT [Fig. 4E; Supplementary Fig. 510,

Discussion

Amenic is one of the oldest drugs in the world and one of the
best known poisons, [nterestingly, if also has proven useful tor
anticancer therapy and is a prime example of the paradigm that
“poisons in small deses are the hest medicines and the best
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medicines in 100 lame doses are poisonous” (29), Although the
mechanisms underlying its paradeical antineophstic effects
remain unclear, several reported observations point toward the
involvement of telomeres and telomerase (1, 15, 29) For
example, human celk are more sensitive to arsenic tricide than
are celk of rodent origin, and this difference has been atiributed
1o the shomn telomeres found in human cells compared with the
very long telomeres in mouse cells [ 15). Likewise, a hallmark
that distinguishes human normal from cancer cells is the
expression of the enzyme telomemze and the short but gable
telomere Ifngth of cancer cell; this difference may be critical
tor the anticancer activity of trivalent amsenic (30, 31).

In this study, we provide clear evidence that sodium
metaamenite cyotaxicity is tdomere length dependent in that
cells with shon telomeres are more sensitive 1o the dmig than
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those with longer telomeres [Table 1). Saos-2 a cell line that
has long telomeres and regulates is telomere length indepen-
dent of telomerase through altemative lengthening mecha-
nisms (&g, telomere exwchange), was = 100Hold “resistant” to
sodium metaarsenite compared with sensitive PC-3 prostate
cancer cells with shon telomeres [2.5 kb, ref. 32). We further
show that sodium metaamenite can bind 10 human telomeric
sequences and lead 1o rapid emsion of telomeres in postate
cancer cefls with shon telomeres bt not in a lung cancer line
with long telomeres [Fig. 3). Entire telomeres were lost as seen
by metaphase and interphase fluorescence in situ hybridization
with telomeric probes as early az 48 h afier addition of [C a0
concentrations of KMIOOL 1o PC-3 cells; at 72 h, moa of the
chromosomes lacked telomeres but had not undergone end-io-
end msions, In contrag, EMLOOT did not cause telomere loss in
H1838 lung cancer cells evenat 72 h, The laner might require a
prolonged exposure time or higher than 1, EMLOO1
concentmtions for telomer erodon to occur. These data are
consistent with a previous study by Liu et al. evaluating the

— [46)

& » 7 /
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effects of amenic triwdde in telomerase-defidient (RTH) and
age-matched wild-type (1] mouse embrycs, Wikd-type embiny-
o5 with long telomeres showed telomere erosion after 72 to 96
h of exposure 1o 30 pmaol /L asenic triozide and this triggered
end-io-end mzions ai chmmaosomes where telomeres were no
longer vighle. Surprisingly, amenic troxide did not case
chromosaome end-to-end fusions in embryos with shorened
telomeres from late generation telomerase-deficent mice
However, telomemse-deficient mouse embmyos with shortened
telomeres were more sensitive than wild-type embrves 1o
arsenic-mediated inhibition of cell survival [15). These wild-
wrpe and telomerae lmockonr mowse embyo experiments
seem to mirmoT the effects of sodium metaasenite on human
normal and cancer cells eported by us here, Whereas Liv e al.
attribute the differential effects of arsenic wioxdde on mouse
embyas with long and short telomeres to the production of
ROS and ROS-mlated telomere atrition, we have strong
evidence that a direct binding of sodium metaamenite io
telomeric repeat sequences leads to telomere erosion [Fig. 34).
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Table 2. Binding of KMLOO1 te telomerc and mutant sequences

Oligonucleotide Mass of oligonudectide Mass of oligonucleotide + Am* + 8D No. molécules
S LM O [mfz) + 8D KMLODL (m/z) + 5D bound
(TTAGGEE), 584D + 6.4 5970 + B.O 130+ 2.3 1
[TTAGGE). 11416 + 7.3 11,632 + 9.8 216 + 1.15 2
[ANAGEE], 5,763 + 4.5 5831 + 8.5 68 + 4.0 Moo
(TITGEEE), 56354+ 1.2 5927 + 21.6 291 + 7221 2
[ANAAAN ) 5,592 + 5.8 5602 + 4.3 10 + 2.3 Nane
[TTTTIT), 54 + 8.3 5458 + 6.6 14 + 3.3 Wone
[GEEGEEE], 5,860 + 3.7 6,354 + 3 5154+ 23 4
*Am= [{mazs of oligonecieatide raated with KMLDDL) - (mazs of shgonucieotide]]; miz = mass/chamge s stin was used a3 positive contral
and thies molecules found bound per [TTAGGGE]y repeal.

We showed that the amenification of elomeres induces DRA
damage signaling as exemplified by a rapid and dose-
dependent induction of H2AX phosphonylation that is associ-
ated with telmeres as showm by 4-H2AX ChIP assay and

precedes the formation of Soxo-dG, a ROS-spedfic DA lesion
[28 33). B-oeo-dG wa only induced by the [C,,, concentra
tion of KEMLOOT in PC-3 cells and not eadier than 24 b after
drug addition, whereas telomere-specific - H2AX expression
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celb that wers traried with sehicle contel (o) or KMLO ot I |medle) and 10y, (Baffam) for 24 h Nucla wes couniesstined with DAPL Images wess captured
with a Refiga cooed cames md impeovision Cpentah .0 sobtwee usinga =63 ohjectve {Leica DMA000) Bar, 16 pm. & mean signal imenstty of 5 H24X foci from images
captumd in 4. At baast100 nucin per spesment wereevaliaind (mean of thes moensme ). dsheist, stafistical sgnificancs based on a two-taled Students § st
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and 24 h, mspactrely; ones § 108, PC -3 colls tmated with 9 gmodiL (1C,5) KMLOOfor2, 8, and 24 h 2- Actin was used &5 bnading contol 0, dotoiotof ChiP with

- H2AN, mousa igG, and wdomem ropast hinding factor 1 Ganomeo PC-3 DNA (260 ng squad amount of DINS used from the ChiPy was spofted 258 pasties conteod for
TTAGEG mpasts de iscton Tdomem repast bndng Bactor 1 ChP of velsde traied PC -3 calls was used a5 & postne contral for the mmanopreapdation of TTAGGG:
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pecurred asearly as 2 hoafer exposure to 1Cy, concentrations of
sodium metaamenite [Fig. 4C), Our data suggest that asen-
ification of tdomeres, and not ROS, cases zodium metaasen-
ite - associated telomere emsion and DMA damage signaling

Experiments examining the effects of sodium metaasenite on
telomerase activity in the TRAP assay by weating either isoled
enzyme activity directly with KMLO0, or by extracting enzyme
activity from treated cells showed that the drug does not atfert
telomerase activity, MNonetheless, hTERT protein was found
translocated from the nucleus into the optoplasm, a phenom-
enon ohserved by us for G-quadniples ligands, a novel class of
telomerase inhibitors that were specifically designed 1o tamget
telomeres by stabilizing the formation of G-quadmiplexes by
the Grich 3 owethang (21, 30, 31, 34). For the G-quadniplex
ligand BRACO19, we could show that hTERT when displaced
from the telomeres translocates into the cytoplasm and
colocalizes with ubiquitin, suggesting its degradation in the
ubiquitin-proteasome system (34). Arsenification of elomeric
sequences in prostate cancer cells shown in this gudy appears
to have a similar effect,

Whereas sodium metaarsenite had livle effects on telomerase
protein, efterts on KTERT were seen at the transcriptional level.
The detectable number of copies of hTERT amplified from
mRHA by realtime PCR was sigificantly reduced a1 both 1Cs,
and [C,4 concentrations of sodium metaarsenite after 24 h,
which is in line with what has been reponed by others (9, 17),
Based on our telomerase telomere protein, RNA and DNA data,
and a recent literature report, the reduction of hTERT mENA is
likely due to the possibility of the binding of sodium
metaasenite 1o A-Ll bases in RNA (6],

The merhanisms by which amenic trinside drives APL cells
into apoptosis have been studied eensively and the inhibition
of expression of ATERT mRMA has been shown (9, 17, 29), One
intriguing mechanism, which is favored in APL is the rapid
degradation of the promyelootic leukemia gene ( PML), retinoic
adid receptor-u fusion protein (35), which restores promyelo-
owe differentiation. Arsenic triodde treatment was shown to
cause PML 1o localize 1o the nuclear martrisz where it becomes
sumovlaed and is degraded after recruitment 1o the protea-
some, PML resides in discrete nuclear subdomains, known as
PML nuclear bodies [29), The latter have been implicated in
altemative telomere lenghening and have been shown 1o
colocalize with telomeric DNA (36). [t is tempting to speculate
that in APL arsenic triowide can target telomere maintenance in a
dual fashion. First, it binds 1o telomerase-remlated telomeric
sequences and hTERT mRNA, inducing telomere-asocied
DMA damage signaling and rapid cell death; second, it degrades
PML and prevents cells trying 1o escape the insult by usng PML
hodies 10 repair ther telomeres via telomere exchange {32).
Thus the existence and impornance of PML in APL might
sensitize this tumor type 1o arsenic thempy,

Together, our data and tha of others suggest that arsenite
exerts effers on telomeres in a telomere length-dependent
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mianner and that the resulting telomere emsion withoutend-to-
end fusion in cells with short telomeres such as cancer cells
could help o explain a therapeutic window for anticancer
therapy (15).

Bazed on our oyiotosicity data for a4 panel of human mwmor
cell lines (Table 1) and the telomere emsion shown in the PC-
3 cell line, sodium metaasenite could be useful for the
treatment of a vadety of cancers with shon telomeres,
Pharmacokinetic studies with sodium metaarsenite have
shown peak plasma levels of 15 pmol/L after iv. infision
and 2.5 pmol/L via oral administmtion (16). This is a dose
range that encompasses most of the s and Wi values
from our cell line studies, particulady the cell lines with short
lelomeres.

Importantly, amsenic trioxide and EMLOO1 are identical
substances in solution. Because arsenic tricmide is poody
water-soluble, it must be dissolved with sodium hydmxide
and then adjusted to physiologic pH, vielding sodium
metaasenite, In fac, investigatos that have studied “amsenic
trioside” have directly used sodium metaarsenite for their
experiments (10}, We have compared the in s cytotoxdcity of
KEMLO01 and that of solubilized amenic triezide in the twmor
cell lines from Table 1 and found no differences in potency
between the two drugs (data not shown), suggesting that they
might act very d@milar, Owing to its oral bicavailability, water
solubility, and molerular antiimor effecs, KMLOO1 is a
candidate for full clinical development.

A recently published meta-analvsis of elomer length in
cancer literture has revealed that tedlomere content, a proxy for
telomere length, has pognostic relevance (37). In poste
cawinomas, low telomere coment/shon telomeres predict
metastasis and recarrence, In breast cances, low teomers
content predicts poor clinical oucome and a reduced 5-vear
breast cancer—free survival interval (37 -39), Thus, KMLOOI-
based combination treatments in these wo diffical-roteat
mmaor types should be considered perhaps together with
cigplatin, which also binds to telomeres, or maore specific
lelomerase inhibitors such & GRMIG3L a hTR antisense
oligonuclentide, which has jua entered phase 1 dinical iaks
(30, 31).
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% volon] 3x] ol7F MM A] AAF 1/20HA12 X8ist

A ARAEL] B2A). KMLO01}; A4tshd] 4B 4 7] 224)ol oist st
Al KMLO019] A& 71410 tisiA] o] Ho{X|Al= QAR didsy Az
A7 AR maf, It BRuZA] A-AEAY] AAF AA] ®af, NEAME {3
e & o= {toll 2 &pol7t gl ﬂ% Hojl Qlo], MEAMIe] Ffo= <l
7 H20A] JXALEA mRNA O] HAgAVE s AR SlE Tt

oz

—
©

o] =zolA 2= HEHA] 54 F/d, mRNAQ} TRl H&oflA QIZF H=2

bl XAt 40 W, 2ju Ezojojet Hgujo] Lo u]x]= KML001

]IS Bt} E5t ofg] 1gd AlZL oA, Hzojoje] Zoje} KMLO01

of Z4/d=2 vluwsttt. KMLOOIO| §h&sh= AP o Alz30

dato]] e oz aatE HYS| AL, o] & 4fst AER

at sk ot=AYolES] ARE T|AtaE AWAIA SiASHIG. -2

|2 02bA] &/do] KMLOO1o] oJalf AlA oz Asi=lx] A, ENZS

o] Hlznjoje] ZAo] dQlo] opdE elstgitt. KMLO012 A H=
Asts

1] o
=
% roq, 20lol s gl HAE 22, e Beololel £uE

Sl rx el
oo
oft
g
>

mlm J

Azt Yy

Nzajgatr ofg. QI AP NM=ZR(PC-3, DU145), A% MZF(HT29), HAl

EZA(H183) Z2]a Q17 &8F NJZ X (MCF7, parental)= 0] 28X X23H(ATCC)

oA FUstATE AL Al=F A27803F A2780cis(A|AZH ATd)= #+H
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25 o s
Holg Xt BRuetA At e A (4 24 hTERT-/-)& Z3tstes SAEE
A 9ol 2 aE] HE e} iRy 2xE HE 5 AR =dst MCF-7 Al
ZrE ofRloAM K utel Zo] AIASHITH(18). NxZE2 10% SEfor 7

(HycloneAb)o] Z=7F=l RMPI 1640, = DMEM (invitrogenA}) BjA|S o] &5}
o BE &4(5% CO2/37°C/57] &)stollA 7IHF L dE5Xos vigE .
o™ o g  TAdwEl MCF-72 (G418 (800ug/ml, CalbiochemAl)ofAl viUYE S}
.
KMLOO1(A~H&  HEfoF2ANUOlE, FOlsA)2  (F)Z0HA Al
50mmol/L s=2 QIAAFTAIASO] =01 & -20°Co] B HE Ut o] A ]
ol ebgsith. @S SISkt AW U RPMI 1640 uhR|2 34sto] A}

a
gatoic.

:

tlo

AT MESY B, QAR SA0) tigt KMLOO1o] &t =7str] 9ls,
a3 o|(Alley et al) Sof 95| AA|=E  3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide(SigmaAh)ZAAHES A5G TH19). QOF5HATH,
M5 well B 2,000 72 96-well Z20]E(NuncAh)d] 53t 5, 37°C CO;
5% ZA0A stREZ vidste AMlzrt BAEEE Shitt. ofE2 0.00100A
100 umol/L s=2 A2|5tk], Lt s=5 89 §IEs A3t 5d &
oF A& A oF =0 EZA1ZI <,
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide & 7#7}5}9]
BEA519ch AFpd! L 20 Kpurle formazan)2 Synergy HT Multi-Detection
Microplate Reader @} KC4 software & ©0]835}o] 550nmofA] ALt A
A ASl e dia2ate] v, of9] FI7HA 0 DA FAI M= A A
EoF vl PUtsto] 50% AAls=et 100% AAls==2 mAstAoh. 3709 7iE

ugo] M=t

ogk

B« 2=z0lo] A @H ZAOo|(TRF). Z4(Roche)Atd] Z1H-E TeloTAGG B2
ojo] Alet ©¥ Aol 7IES AEA] AYS W, 22]i apro 29 H
of ma} o] &5ttt Amojut QA4 E|AE(Spearman rank coefficient
test)§ ol&st] SFAMERS0 o] B=zojo] ASHHH(TRF)S] Zojot A
Ul KMLO019| NMZ=57d &/dS vlustict.
20N WrEAFE 529 (TRAP) &4, Alzx&%0 KMLO0IZS 0.1 ~ 20.0
umol/L ==& At &, =2 50% AA|==e}t 100% AAl==z2 KMLOOI-E
Nlazofl AM2lsto] Z4zh 8AIZE 24A17F et AJFOIA Ml R2Eds A2 & =
2nje MY SEy Bhoe dznay a4 BYLS HHIQT Da
ZHA] vrEAYE Z2¥ BAS 95 7] E1E 9 50] TeloTAGG Telomerase
PCR ELISA 7|E(ZH4ATANZE AFREQITH20). PC-3 A& F&of] KML001
22
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GOT*

~
30120419

gt ats F435H7] #Isi TRAPeze 7|E(IntergenAt)7t o]-&%Uct. &
i B (250ng)o] Zh RT-PCR ®F3-2 ¢lsl o] &% o/t PCR a2 21
& =0l SDS PAGE gelolA #2] %] 1TH20).

AT A=W A] JRAL&A(hTERT)Y AZSHE gt AAIZE PCR. KMLOO1Z
50% A5 =t 100% AAls=2 Z42F 8AIZE, 24417t A2jeh Alzet &uf thx
o 0 OlAE801S x2St N|EZZEE Qiagen RNeasy mini 7] E(Qiagen
ANE ©ol&sll FRNAS FEsi. I "20{2bA 97dAls 4 mRNAS| &
A A& LightCycler 7]7]2t Light Cycler TeloTAGGG hTERT A3t 7|E
(Roche DiagnosticsAh)E o]&sto] e85ttt AARE 32 7280z A&x
Ate] R|AJAtgto] wt d§stod [t hTERT-encoding mRNAS 60°CollA] 10&
7 ORAIIZ] &, 95°COlA 30£7F WAJAI7] T, So] mefo|mE o] ato] 95°C
oA 0.5%, 60°CoflA] 10%&, 72°CojlA] 10&x 27 Oo =& 40 Alo]Z PCR ¥H2& £
°§sto] 198bpe RAIAL TS SAIAIZTH AAIRF PCR ¥Hg2 hTERT Z2to]
M2t housekeeping S7A A} porphobilinogen deaminase ZZto]|tH=S o] &5}
of = 100ng/ul®] RNA=Z 38513 C}t. Porphobilinogen deaminase ¥H2 Atz
2 RT-PCR9O thx#+©9=2 hTERT mRNAS] mF3sIet AFstS Qs A&
.
HAFEAAE Y W2 2" (immunoblotting). Ql4tetd s|AE 2AX(v-H2AX,
¥) FAE  d2Ho|E(Upstate)olldl, hTERT A&  wuppaEs}
(Novacastra)of| A, 8-hydroxy-2'-deoxyguanosine(8-oxo-dG) SR =
TrevigenAH(clone 4E9)oA st Z& 1A A= F Rl @22
(monoclonal)o|t] FITC o] £AH 2x 0hes WIEIAE Al LOFALOA
2latdct. olMo] EuEl Z1M3 hTERT 9 y-H2AX @A 538519ich21).
8-oxo-dG AME S5, LAY AZLES AN HCIZ 587 WAL § 50
mmol/L Tris base® b&7F Z3A|ZTH &35t & 10% &
mmol/L Tris-HCIof|A] 3087t A 2]stgct. o]o] 1A]7F =9F 1:300
1A FAE AMYeh &, 10100 vl&2 A" 24 FAE 3027F A-20A
Attt SetolEx Qs o s AMAlstal DAPIZ djv|dAMsct Axt
S BAstu AlsE AFsH7] s Leica DM4000 o]zt 5.0 openlab
improvision softwareS o] 85to] 638 &fist 0| FAMRIS At y-H2AX
of e otadzA o]FES olgstel o] P WL stk Holw
g A™Y 10079] ol W=k AATH hrFe] BFe
B 717t AR, % Pl ofegoz mAHch v-H2AXO] sl W
JE2Y2 7]E0 Bug Pdie ASYsRth(2]).

fu)

o

2

S et
ot

o

R

o

rok

=)

KMLOO1S] S =relals] ojal, AlAZetelo] dzojo] Aol ogt olaul
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of ool WS o 8srk22). WAES BY] A, nEs)Y ojEA

BR Polx gEf 0|23t AYFFTATIHE o8t AL Axima
MALDI-TOF AFEX7]E2 &5l doj&th (Kratos/Shimadzu) & a
Hol A7|MF2 219 Biopolymer Core AEoA FHEIJT AlAF
(Img/mL: Novaplus)2 = =20/o] DNA £AF FA0A 4/d Oix

Rt QofstH, | r3E =9t KML001Z 100ul 4t goloA 17
= H]&(molar ratio) 1:100.2 37°CHA 24A17F =oF ¥rX|E] Tt TTAGGGH]|

T
U
=
2

g2 or2y} | 7Aoo 48A|17F, 72A17F WrR|EQitl, T & Speed Vac A]
25 olgslol  AZAZT,  MALDI 2 a7l Aol 25uld)
3-hydroxypicolinic acid OjE& Aof RjE-S-5H% T

NEZZ7] £7]0429] &A=zu]o] FISH(telomere FISH).

70%9] Yo ==t PC3 Al=of KML0O01 0.24umol/Le} 9umol/L& *{2]st
Ay, H183AM 20 14umol/L, 25umol/L A 2|st & T75RAU|QY ZatA T oA
244171, 48AIZE, 7217 B Migslih ARE QOIS Aeld $ 5
AsHA sidstaitt. viA]l A|A & 10g/ml ©] ZA|uto] E(colcemide)E A&
HiAE A2lst & 37°ColA 9027t sidstitt. Al &2jet &efol= A
7180 HuEAXNH ASYEJTh(2]). g2to]E+ w A (hybrodization)at7d Ao
Aoje 3ARE U AUR=olA ARAIFY. 29t dAt(rhodamine
fluorophore)o 2 2tH&dst QIZF Bl =005 o] &5t MRANS] mg EZFo| T
2t PC-3 MZ9] metaphased] wiH(£3) AdS Aledstdth. AMA= DAPI
2 oy dAstth. AX70 SHFE2A FF01E9 1008 vlEollA A (=T
o)t o2tA(DAPI)o] =Al9] A% &= rhodamine/DAPI/FITC Triple Band
Excitation Filter& ©]-&sto] F4etsict. Bzojo]o] Ao 7] FAA A
dE 7t 22009 gHE A E(rhodamine red)?] £& Alo] F&atst L,
S ARl dAAI dish %= mASHIC. FAa 100709 FMA7F F7HE| LA,

rr ek o

ol rlol

oF Mejgttt. tix M2 244F ¢ itk Aog A2
eIth. ofthdfAb 5(d'Adda di Fagagna)®] WiAH, FAE WARTY
assay)= ©lgstol @MAl T SAAMLA tigh y-H2AXS] <
t}.(23)

QOFSHATH, Al2e QIAtEESEA(PBS)o2 & W A|Ael
T2 37°C, 1087t mAAIZILH A7e PBSZ AR 5, NZ 10'/mlgd 1%
SDS, 50mmol/L tris-HCL, 10nmol/L EDTA &0 g 83jjA]7Ict. DNAS A
Tehr] ol 2SmE o]&shlar, 4°ColA 1021t 94 F2igttt. 1.2ml9]
0.01% SDS, 1.1% triton X-100, 1.2mmol/L EDTA, 16.7mmol/L Tris-HClz}
24
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( “famm
o (Y X!

205 (041960r°=

150mmol/L. NaCl £oHof 3JJAx|7] 200ul M| FZHMo] protein G
plus/protein A agarose suspension/salmonsperm DNAS 7Z7}oto] A& 2]
sttt of7]o] AF ©ZF= phospho-H2AX &A|U, telomere repeat binding
factor 1 A, 2722 IgGE A7Isto] 4°Cof st WAt W Aldd
1 =(pellet)S #29|= 150mmol/L NaClo] A7}=l 0.1% SDS, 1% triton
X-100, 2mmol/L EDTA, 20mmol/L Tris-HCI2 ANAsty, F ®HAj=
500mmol/L NaCl7} A7tel = goio=z AMAsSHt 7 o2, 0.25mmol/L
LiCl, 1% NP-40, 1% sodium deoxycholate, Immol/L. EDTA(pH 8.0),
10mmol/L Tris-HCl(pH 8.0), 1mmol/L. EDTA &co g /\ﬂﬂatf} AR
1% SDSe}F 0.1mol/L NaHCOs7t &85 8] =500ulz &3 S, bmol/L NaCl
20ulZ F71sto] 4AIZE FQF 65°CollA At AT (cross-hnk)ﬂE% st}
Imol/L Tris-HCl(pH 6.5) 20ul¥t 0.5mol/L EDTA 10ul, proteinase K 20ug
£ 2L, 45°ColA 1AIRE Rt mls F&SF DNAE -80°Cof sh& &<t A
AR 2, A" A 10ule] =0 &sHAI7A 95°Cofl 1027F HAJAIZ]1L, DNA
250ngS  schleicher&Schuell apparatus® Hybond ©ho AAstch ohe
teloTAGGG telomere length kitS AREsto] 2HARSH, ¥HAH AlS = ol 7,\_1§
e & =2 =Xst S NIH Image] softwaresS AHEsto] A siot
2 AgEgte 2Aetn, AFEge gaMEe AGPEoR Lol
Noigeghe Tkt

_a

A HAE. £ JHo] AelZ Atolo] EASA Qol4e Student's testE
o[g3to] P < 0.05 o foldo] g Zoz st ol 2mEFo]
SPSS 2000 SigmaPlot and SYSTAT version 10 o|C}.

I

A
AR A EZo] Thgk KMLO01S] MZEA 2L ==zojojo] Zoje} ATAo|
AL}, 2= KMLOO1S 10719 dA|zsel vijot AA|Zs HEK293To] A2
< ZutE Ftsterith(Table 1). AA|ZLo= R202bA] glo] tAIAIY
i%)7] M (alternative lengthening mechanism)g £5f] ®El20/o]S SX|5t=
SM2S Saos27t ZFEO] Tt ZENE Lo gk KML0019] NMZ2=4d3
2 =zojo] Zolet v]lwsttiTable 1, Fig. 1A o B). AGJAY, dad,
Y. 2RY A=EF FoN AR dAMEZRQD PC-3A|=TL
KML0O01(50% A==, 0.23umol)of tist ZreAdo] 714t =
(2.5kb) H 200 7HAAL Q. H=zojojo] thgh A7 1% 7ML Ml
Z20] Saos2= KML0O01(50% 9AA|=%=, 25umol)of 7MY} ZF2 vt ,
g20]o]of Zol7l A= 2u]of Algt ¥ Z0]13.5kb). o] & 7}A]| *ﬂE—’F—Oﬂ
gt 50% A== 2 1008(50% A5 2] ¥]& 108.7) o]%
oE‘Ur(Table 1, Figl). ®=z0]o] Agt 2H Zo|7l Saos2ot vt LT o
Z~ H183(13kb)&= PC-3 A= e} v|w3lg o 50%AA|== H|&°| 60.82
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—

e
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oS fln _:Io
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|t

t} (Fig 1B). HEK293T A4}

KMLOO10o]| izt 7FaAdo] =oft(50% 1A% = 13.5, Tablel:FiglA 9} B). ¥ut
AMog F2 50%AM & =(IC50) 32 A2 Brojojet oo A HAlof it
(Table 1); ®2|7} Nz =/dat Hzojojo] Zojo s Aumojgt & i Als
(Spearman rank correlation coefficient) 9112 Agsiamf, o] At A
£ r2=0.92 ERIE|n, ol &=2ojojet KML0019] MZ=5/37te] A S
oletth(Fig. 1C). ol gd2 FUdy AJAY MzRoA 7Hg st

P

A AZE Vg 21 Bzojo] dojos 2751

_l2

S

(Table 1). 5% EAPY2eA st7] o5 Hﬂ o AlEZ PC-33}

DU1450] Mgl o] g HYMQl

e 220jo]2 KL Q7] wgol
Al HEZeA MeElo], e %EDME 714 AEet S KMLOO19] &

g2 wl2sts] glal o=t

gdaojald] &A431 Q7 A2ojalr] AXMALEA(hTERT)O] tfst KML0019] 9
g. KMLOO1 o] El2meiAe] g4 &/do £+ 1719 Juj AﬂHvA(subumt)
ol Hauetd JRAts A0 URls 9T= =Ast7] Hsl, PC-3 Azi=zRH
et 2292 42 & gt 559 KML001Z A7Iste] TRAP 242
53951 9iCHFig. 2A). E3F KMLO01Z 50% As%, 100% oAlse=2 712} 8
AIZE 24X13F AMejgh AP SAZ2 e d2oeth 2582 Ao PR oA
o] &S EAsIYTHFig. 2B, 2C, 22]1 ¥E S1A). QIZF @2 ujey] ARAL
o] w32 mRNA #fwlofA] H7tE]ckFig. 2D). KMLOO1o] 20umol/L %
2 oM T H2uAe] g/ AgAer JIo] A g2 4
tHFig. 2A). A, B2ueAlE £56H7] A KML001E 8413 A2]&t
PC-3 A F= DU145 ANlZojja Rz oatAof] #Ho| Fgo] QS-S Qs
(Fig. 2B). KMLO01S 50% A%, 100% AR==2 247t Aalst 7420
7<1—7;]1:|]-_9_El 4_,_76 oz Eﬂiﬂi,‘i‘l—f\ﬂ g]-}\—]o] 017(1]541— 7—] oz Q}O]EI q. 71]
2 o] §l&. p>0.05) (Fig. 2B, B35 FigS1A). oA} 5AAdgolA, o A8
R A HRujA F JAArEAl 22, HauebA DA 24470 Al
shiozHE NuzA=z olzHt. ojd A2 F2 H2ujojs 7l AZALA
o] 100% AAls=z MZ ol 0% FEAA UE= o= Sl
tHFig. 2C, % Fig. SIB). 2=20]o]2 2 It HR0|2A| AXAfaso
2], o]F2 &4 LS U/l oto] 24A17F 9] TRAP RAoA B Z1A4Y
A g/go] SRIEA] A=tHFig. 2B). 71 HR0[0]E 7HX]= HAAEFA A=
slozHE Mzd=zol H=auebd o HALaAS o] (AfHiA])2 24417 o]y
ol EOJA] etHZI7t 2o AXEA= ottt Fig. 2C)
KMLOO1o] oJgt ElzwebA] &40l Asjiof dist ohg 7Mssh AY2 AAL 24
oflxel Qb H=zuietA] ARAIE A LY Faoloh oFEZ Aokl Al
Aeldle 2% Asl &urb ==l =0 Btell(Fig. 2B), Mx F&=(Fig, 2A)0A]
+ Aol &7 &RISA] o= ol57t AAF 9] Aol wiwolzt & 4 Qo
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(am
\s=/)
~— sl

of \ N ¥ 1
A0} E(041960) ©

oS =lst7] ¢si KMLO01Z Al2jet PC-3 Nz=zHE ZEH RNAS 7HA]1L
dAZHreal time) PCR A4S a5ttt AP ZB2o2bA] 9 AAtas
mRNA T30l 100% AAlEEolA 8AIRF 2(p=0.04)o] Z12ji 50% AA|&reot
100% <A|lsZoflA 24A17F S(2F2F p=0.002 211 0.003, Fig. 2D)oj] &tAlg]
+2d U dAlE s S WESHIT ol2e W2 Hladitetzo] digh of
Ao HuAS LAXIFITHO,17). ol2ier Btz RE, B2OA] At oieh
KMLO019] ot B=metA] JAAF 249] o]go] B=znA &4 Asts 4

Feckn 2 4 9k

dzojolo] wjdo] KMLOOLO] A A 2HFHS0] DNA o]FAHIY
GGG Al @7]olA FFoll HXIgH Fobd(guanine)ol] this =2 Alebds 2t
Qo e ® 3YHel k222425, olE  SW  cis
diamminedichloroplatinum(CDDP, A]AZ2}81)2 N7-Pt-N7 GG AFE Wy ol
AFAgHintra-strand cross-links)2 dAsttty 2deiA ot &=z0]oje G7}
we AY, (TTAGGGIn: Aol @zujoje] 79 130-210871%(bp)Eo]
C-rich strand& A|UA7HA] A7JE] =] o] AlAFetdut ¥hestcha shct
(22,24,25). Al A2 SHs] Hzoold] tigt 542 7HAet, oA 2=
njol2¥E MA} YR ExfslA] 97| molch @anjojo] DNAG| &4
7RI AAreE AAE w2l QEolE BT S A|AE0] o5l BLEX] et
o O dHe2E o]F YAdo Tl Jost DNA ANE2 542 Aot 4
Atete]a(B]4 7|2 E4)= DNASF RNAS G-C, A-T, A-U7] &9 o §h&3}
Aoz GFTH26). 371 vlA 2Fet=¢9 KMLOO1o] ®E=ujoje] wjdof] Agt
F=Al, Fig. 2ColA 9] 1T Bz tetA] JAAta A oS AHUYshe Zlo] 7t
PRl &lstr] sl 2l YA "Hzojojo] A7) 4F @ ([TTAGGG]32t
[TTAGGGI6)= KMLOO1xt o] ®R|stict. d2]u AlAEH S o/ HETS
2 ARRSHY T KMLO01 ®+&= AlAZ2tEy [TTAGGG]3S 1 @ 109] Hl&=2 24,
48, 72A1F &QF 37°C, 24Xt WA|sHRTE (Fig. 3A). 2 =20]0j9] DNA ©Hoj
KMLO01S A71st TajAte MALDI Aaf AMEY £X7|2 =Hst9iciy of
130m/z(AF-Ast ¥]&)Y A olso] AATE o7 Al 7ie] H=zojo] A
g Yh=o] HEAF ¥]g 2 KMLOOI(EAFF 129.91)0] BRArE-S oju]sttlTable2,
Fig.3A). §&] AI7FHS 52 & A 7H9] TTAGGG ¥HE A do BAtE= KML00I
A e HISEEA] ottt 6719 H=ojo] vhE uidl [TTAGGGI6E AhE
st S 2Ako] KMLOOLo] ZEScHTable 2). ol 42 a4 ohd
(guanine)¥} topd7ix|e]  Eez]Zel(triplet) #¥9] EJTl(thymine) &7[7}
KMLOO19] Z%f0] $23-2 WHthTable 2). FoPdstos TYHE 33t v
2o 4@xte] KMLOOIT ZRsich TTTS 3709 A4 jofde = Hxjo]
KMLOO1xt ZAgtsh=g| ¥t AAAGGGE= KMLOO1u} ZAgshA] U= o|71 &
TTAGGGS] §FEoA oftd(adenine)?] &A= B|ASHS Wolith+=
SttH(Table 2). 22j1 25 A9 & T S3RARS KMLOO1p Z3lsHR
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A AZetEg [TTAGGGI3 wheol A7teel 3700 Bxprt Agtst, o]7le
o1 PUEAE GGG 253N triplet)ol WAchs J1E uast ARTT(2225

ol

Hzojo]o] vjFo A¥stH= KMLOO1o] Ao &=z ujof FAJof st A
ARl FFE2 A1 QleAl 2 O g7l B=zujojo] Zojof o]Est
H7tst7] sl PC-3 AM|ZQ} H183 A|ZE KMLO01 50% 9A|s=2F 100% <
Az 2 24, 48, T2A1715RF A|2]5titt. FISHRAS sl RAREE 571 JE
2 A" Azo Z& Qb {ef B=ujof ERI(IRE, probe)Z A2]SHATHY
AMA = oA, Bzojols 52 Fig. 3B-D). 50%AAls=2 2" PC-3 Al
20| %712 AR U]IF 0 ofE AHAT Ro]2 EQIs 2 YUATHE}O|
S Ho|X] &k}, Fig 3B). KML0OO1 100% AA|===2 A X|3t & 48A|7HEH
AA| Bzojo]of wE AdS WHSIRTH o] A} o] oFE9] F=oA PC-3
AE F719] 7 FAAS2EE 47]0] HzujojFoA 2710 @zojojrt 4AE
8 oA FMAY et deut FdsHA doXloz  AISYE]| ITH(Fig.
3C, b). 300749 &7] EAMAS dE7Fser B=RUof e 4SS Aoy
(counting), 39+2.8%9] ©®©=zujo] Als7} ARIRHAAIEQCH Fig. 3B; P
=0.0014). KMLOO1of] ==% A 72A|7t & Ae#gl El20]o]o] Alsul ory
(16.5£4.9%) P22 FAAZL #of tiF 20]o]5 2435k tH(Fig. 3C,
c; P=0.0011). o]Z2 EF Fig 3C(mtt A vrAg 4fele JiE)olA Hojx|= A
AY 2o 7] doldE Hujsich ciEx o2 HIS3N|m(L20|ojx| ey,
13kb)of A= tiR ANzet vlwd o, KML0019] 100% AAls=ollA 724172
i%’\lﬁE 220jo] Az9 43 FUSHA YUtHFig 3B and D a-b). °]&
P AuE2 oFA ojopr|EE HEzojo]o] Ag/E4s) oS AlA|ith. o]H
&> KMLOO1o] tfislf s=9]&/do] Qlor, ’go]jojo] ZoJof] ofEste o
stolE|girt.

-

N
-llJ

I> r{m
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l
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l-l'LIoRl‘

KMLOO1o] oJ3t B =z0jo] Q¢ DNASA {9 Eo|id. E=zujo £x9]
ot} Hzujo] Zo| Ao ofsl FMA| THe| Hort ZFENAIH AZF(
74A|71, uncapping) Ale Aoz QI Az Ad4fo] A|dElE o]l R=dH
A ET HeIRTH27,28). 0|72 DNA OlvUrL SF(DSB)ol oJslf uh7iE =
DNASA ¥H8 Z2& Zdsteitt. diystd Al 7|5h0E #e 2Ruloe
o|]% Al DNAC] At double-strand DNA break) o] ofj=o|cH28).
-H2AX2] 1399 ANH(serine)¥]x|o|A Q] Ql4tst= DNA o]zWA &4 Als at
8o] ole &7]of siEsty] ol 2 z2ojof A DNASY g4 (checkpoint)gh
29| x|@m7F HoH21, 28). wabA KMLOO1 &|2]sof wAish= QI7Hel 2 Bj2tA|
AR A0 &4 ®Hgujoje] Ago]l PC-3 A|zoAe] y-H2AXO| {=¥hs
= Yo7t AldsttH(Fig. 4A-D). 1 At H2AXE 5% 9EAQ0 A
o=z Qe g =RIstyiEoh: W2 H2AX Ql4tet 41=7F 100% AAls==
Agjde PC-3 AMlz3et DUI4S HAFAGAMZRoA  WEE I THp,0.0001,
Fig.4B-C, ¥% FigS1C). y-H2AX9] R+ WAS28Wo siA A=
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g, 50%9As=et 100% AA|ls=oA 2417t &QF KMLO01S Az]gt PC-3
Nzoj|l A w27 WAEQICHFig 4C). 22y HI183 WA Z =2 KML001<]
100% AAls=ollA 24AFEQ AMelsts o, y-H2AX Q1A Al g =l
o et

KMLOO19] #j2]2 <litetst H2AXQ} Hlgujoje] So]xQl Ago] {rE|=A|
F7tot7] el ¥hgAdol £ HAHM GAM=E PC-30] KMLOOIE Algh =,
anti-y-H2AX A2 TGHA/DNA STAE AGAIZ71L, @7o] HAME H20]
o] A4 [(TTAGGG)n:Fig 4D]|2 &HQI5t= ChIP assayS 43§59},
y-H2AX3} ZA9dst dlgojo] grEx o] ARF 7ot g2 y-H2AX Ed &
42 HojF+ Fig.4Col Western blot TJo]E 9} UX|st= Aoz I}
dzujojo] AE y-H2AX ©uRA2 KMLOO01 o =&8HA] 24|t Sof 2u) (4
s =, 17) F7terdal, 8AIRt; 244|7to]  FIPAl o2 SHj(AIEYE
10.4~10.7)7FR] 57 st tH(Fig. 4D). ®=20jo] Z9r THlAQl gz ojo] YHEA]
A% X 1 FAE 7HA1L ChIPE $°330E o, tix+ PC-3 AlzofA] ofFst
TTAGGG ¥Hg A|1E-g A2 ¥t 34 tRF o= A9 IgGE ARE-5ho]

-

e

ol

3
0|72 5o]AQl Hgujo] DNA &4fo] dolt&2 Qu|git}. 0|72 of2AL}o]
Eof o5} A3/de ROSE <Qlst DNA &/} vl wEt)y, &/ditas AJiko] st
8-oxo-dGe| P2 & AEo] o, 8-oxo-dGx YA o=z Akst AEZ
20| B2 o]&&Hry. PC-3 Az} DU145 A2 E 8- gt A=
Argsto]  GAIst FAlo] y-H2AX ©APPgAdS 86t 2 A
8-oxo-dG7} A &gEH+= KML0019] =2 5

RcHFigure 4, Figure SID). 24A|3t o &% g s=H(G0%JAsx,
70% A5 =, 90%AAs=, 100%AA &) E AR E
Oz JFUE 8-oxo-dGe /g2 24AI1F oo YAYSHA] ¢Eotal, PC-3 Ao
Al KML0019] 100%AA]=wofA ot WAL T DUL45AN|Zoj|A= KMLO01 9]
100% A& =oflA e ot A2 8-oxo-dGRE FAJE U

o
i
?
a
(@]
=2
)

HU
-

ne
ol
Me
i
&
X,

0%
HastgEe AARCR Y o oF2o shtoln & Ueim S42del o
olch. S0lg7E FYARA R8I0, "4 SHERS 4ol ooEol
T YR we Bgel F2 oopEe 54¢ Yot ek mejtydl et A4
of ofolch(29). Bl43tEIEE] SMQl e Euo] Tt ML o Hare] u
SRRl QAT RpA] Bud APEe dzolojot Waojine] Fofo] 27
o oA drk(1, 15, 29). o S QA AEE MAF 5B AEEc A

Ah] A4 7] 22800 B Bste olgfat Atol Fl(mouse)o] AZOA]
U 01 71 =lzojojo] uls] AtmAA AL Bzojojsl wHEE 2

<d
B BAYCHIS). GAEZS A FY AEZE PEs SPS 249l D20
eple] WwEvh AAEO] FAY QPge D=ojojo] Polo olck : o]2igt ol



37k vlao] ot o] Fod AL FATH30.31).

£ 4olME 2008 UlEl ol2A Yol EY AlZEHe Dzojojo] Polo] o
Holo}, Fe Wzojojo] AEr} 71 WRojolS ZH AEuct oFo] oS w3
stn 4ol olckebs WaHet 572 AFaAcHTablel). Saos2Alzy 71
20joj2 2 AZ AQlozA AHAlY Dzujolo] Lol2 gAsH: ChHA
AALTIO], Dzolo] 25he Fof BRojetets SushA BRojo] Zo|2
zAsct &S =Han]o](2.5kb, AFRE32)2 JIX]= 7EAA o pC-3 AaAXof
Azet vlmate o 208 olet of2 Aol o that 1008) oo} A"
woth et Z27k2 %Al Y&e 408 olet of2AuolEsb QIzte] Wz o)
olo] @7|MGo] AL, )P B WR0|o|(2.5kb)S 7H5l PC-3 MUM
AZZO)A =zojojo] FAT &4 GESHIT, 71 BRojojS FHAE HeH
ZFOAE %A Utks ZolchFig. 3). PC-3 AEo]  KMLO01Z 100%°iA]
SE2 RS R0l GUE WA 319 Wie) FISHE 29 Aoy, X
AR Dzojol 4817 Hut 3 AMEl: Zlow stelg gk 7247t Fole
thiEo) @AA7E 2zojols YA HAAY TUZ 83 AAS Holx: oot
of. gjERo®, KMLOO1S H183 HYAEo| tfsfAl: 72417t &zojo] &
Al
=

p—

i

tlo o

o Quista] groltth HI83 MM ol ==ojo] 248 Uos]7] Ysias

#A29] 9% i 100%4A B2 oY) KMLOOL A€ B2 ¥ Zlolet
o AR} oleldt Aat: olFo] 29 (LiwySo] W=ojehy 9HA AW(hTR
-/-) Aok, ™ol ALgats FA A0l vjots sixln Aaist o7 Aatsat
U 71 Deojo]g 2= AA (W) sjob: 30umol/LO] AHATshE] A (8] 4
&2 wE & 7296 A7t o] @zujojo] £41 Fajo] WHE 9o, of
ne 1eto] 53 Zefsto] &zojoji o oy aElx] Aokt
LA %e(ate) ATje] Dzujel] dof AHRE §
3

o8
2
d
g

-

15
(0]
olr
ol
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Q_
=
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uR_%
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o} Liu 52 70 2=0jojg 7b) A7 viotet gL Leojolg st A
o thgt AAtetela(ela 7] EBR) @utr} Abolut Zol

o Fgatadol ojeh ’zojojo] 4o ofgh Jlojat Adziet
2 OE} of2A|Uo] EZ} &2 n]ojo] ¥tE xdof A& Adlsto] Eﬂiul
= = B SAE ArIstnk(Fig. 3A). 2ROjojo] H]
DNAZY E€ RUSEH, otE saot 83 SR HaAXS
Aoz shlg|9ith, H2AXO] QlAtst= y-H2AX ChIPEAol|A] &9lEl
=ojoje p¥lo] S0t WAAFl olsh DNA 242 B-oxo-dGe] B4l
ATEE]1TH(28,33). B20jojol] So]KQl y-H2AX Tel2 a3 TEr of2 Ay
& 50% OlAlEEol wEAZ F 247 ATk AHOIA W] w¥she whe,
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8-0x0-dG= PC-3 A|Z=o] KML0O01& 100% QA== F7ts 24A17F 7Z4apst
Soet Redck(Fig. 4). 299 A=, iEJ% HE} of=Auto] Eof of5h =
g20]oj9] &4uF DNA &4 Ao+ Fd4tasol sl ui7liE= 2ol otyzet =&
20]0]9 Hl’\i}oﬂ olsff FEEHtU= A hoq
doll dist 24 g of=AUolES] "ytE HS5sh= TRAP
assay *E‘%J% £o8 o, KMLOO1S <#2]et &40 A AstAy = A8
gd= FESHAY A2 REdIA o dF= &4
P E20etA] dHAle A TUALR o 2 BE] A
G-rich 3' overhang2 &3] G-q adruplexJ
L dgzololE eMloz EY gxriold Y=
BzutA] AAAl, G-quadruplex ligandsoll 9JsiA| = %%_‘6}711 wEd
(21,30,31,34). G-quadruplex ligand?l BRACO199] QJsfj Q17 2 tj2}A] A
AAtgazb HzojojoA NP2 o]z, J8]#HH (ubiquitin)it 54 G0l
AMEfR] B RS WEAsHRE, ol RUlHH-T2HotE A|ARI(THA 2
off AlARNof oJs] HEmat JA-AEAZE BollES AIAIRITHE4). & A oA
Bojxl= AFAY Nzojae] "Haujojo] HI7|N B9l vH|Ash= {ARRE aitE
LERdCE
A0S WEr of2AMUolEVE Hl2njebA] TR0l &/do= v]ulst 'S ZHA]
gk QX H2uebA] XAt A0 HAME Ablishe Aol WAEGIT AAIRE
PCROf| 2JsjA] mRNAZRE] SEH QI HametA] JHAIEAL] HAAta2 4
d= HE of2ANUolE 50%AAl s =t 100%AMls= &2 & 24A1%F kA
Aol 5435] dasted, oA o AAEo s e Autel dx|stct
(9, 17). 2219 HA=zvjoA|/2=0]o] THA, RNA, DNA At&eob &9 A+t
eSS ZESH Ay QX d=vetA] JAAlaA mRNAS] ZF4a+= RNAQ
A-U 9710 tjgt A0 g uleb of2AlolE0] Ao 7]Ag Aolete ZEol

L1 o o M 62 i
Ju ox nd o
L o fu 2

o
ol
)
32,
k1
o,
ri
BLA
2
Flo r-

=]

715 5HH(26).

4 BT N@Y MRS AT sk A A J1E2R)0 JlHe
AsAog ALEoF N A H2 A JAALR A mRNAQJ Wel A4 =
BIEYTHO, 17, 29). FHABLANBYNA AF VAL o A Fulze
71L&, Ampqt vy SHAHPML)Q! retinoic acid receptor-alpha(RAR-o)
8% WMol we Ra SEAH, ol AE4T AZo Ri5g 2=
TH35). Ahatetela(d]la 7|2E24)9 AMole A dWIY/AAE 72
HAISHAIESEAL o] A2 sumo®] ZYS [=oti, 2= T Fdf 7] Z 2|
ot&(proteasome)C. 2 ©o]FE o] FafiHT;. A dWMIY[AA = Hlzsiuo]
AEa/dmdyy SHAI(PML nuclear bodies)2til st =3d Ftol] EXjsct
(29). oA WAL 7170l ot B =zujof Zo] 240 TR loy, H=z

ojo}] DNASE U3 §ixlo] EAJsls 202 SERCH36). FHMBLYNBY
oA ARSHEIA(H1 4 7| AR BRolo] 941 AHst: £ Al J1RE 7}
1!

Al Aoz ARG AA, BzoAol os] 2385 B=0fof ufjdat QI



EELEE IEEI

a4 mRNAQI Zdstn #=2uojo] DNA &4A5E S &5t
S O w5t 7)Aot A, AZ4A wRAH 5] 7]
ozAN, Aepdudy HAE ol&ste RB=ojo] weolt 32 0o
BT o2H NEZAMES mofel she AleE erH32). mebs F88E
=

o
FollA Ay fARe] EARe Bla X 2o et F4Ad

e AE Alde

ek

@
=
wn
D
B.
=t

o
r|r
n
U
=
2

g N

= el %‘
Tt A=t o] A2 BRujojS 21 le NEIA ¢
glo] ®znjoje] £Ag £3) ot S W ZoR A%
1 3G AMl=3(Table 1)of thet Mzx=4d Atz, J22Jil PC-3 NZFoA B
d2ojo] &4 AN 1Y 0, 40 e of2AUolE
< BRO0jE 7K 49 Ao f&slttes 222 UE & QlUr. Atz O
E)f o}él\ﬂqo]gg O]_Q_o}- O]:Eo_‘]' O:]__rLoﬂ}\~] X-IUH ZA }

=0t 44 Fole 25umol/Lo i ¥ kS HRUSIATHI6). o] o
o= A= HARZM, o9 Ay Aot A2 BRUj0jE = S8t A=
Z2HE ol 50%OAsEot 100%O A5 E0] RS Zataict

A%t A2 AtstE| A (H] A7 224)F KMLO012 4; AJEfolA Aot &
Aolets Aot ofiystH, dAtetv|a(Bar| 254 ) 20 & =41 5
AFSHU}E Fsodium hydroxideo] =ojof s, A2]A pHE 5
Clof2AUol S8 WS Brr A Aot
Arse 159 Aol Acle OlefotEAtolES A%
Table 10Ae}t Zo] Ad# oA KMLOOT ut &~ 9}% SR
=4)9 Alz=4ds vlwstdal, o] & 7HA] 929 msole
& WHR(I2 BYEA Y2). oS 252 U fAS 18 )

l

_L

_); l-}{l fu

oo Mo By

=°-¥ 12
ol
o

_;
o,
= b
£ T

o &L P Ho r&

ox rr N M -

st HEFE Al (meta-analysis)o T2
7idQl "dzojojo] &HTC)2 &9 oleef #el ot

dEA o I2 2R0jof d/A2 HEujojs dAojet A2 9]
It FUYY B B2 2Brujo] IFe FANQ dA AHE oLy, 54
o] FHd AiE gle AE JIte AAaATle Aoz UERHTHE7-39). olH
= 550 UIX|H £ s KMLO01S 7|22 St ®H3lix| 57t HAEE oo} St
ot H2ojojet BANSH= A|AZSHY &7, &2 oAl oF A 1IES Albst 9
EolAQl H=ztZtA] AshAl hTR <QteJAllA(antisense) Z2]ilwZd| QEO|E

GRN163Le} 34 ¥Hal Xa5 13T 4 JATH30,31).

o]l B0 tfst F7(Disclosure of potential conflicts of interest)
ABurger = d35 SYUsH (RF)A0|To=HEH 29 AFH|S AT
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oal_ gl 2 0] of Q.E‘]J_LE_E]_Q_E}O]E Ayt I Ho] & %EﬂQE}O]E A
Ao g, A EP7|&(mass spectrometry) AtEO —E—@, 9o s Y=
2tA Qr2 g2 A 8RAKDr. Nicholas Ambulos)o|Z] ZtAMS =t

ChIp %—*401] &S =Al of&s}EJerAKDr.Arundhati Ghosh)e} 7|&x A<
ZAl FY EBFAHColette Burgess)A| 4AIS &=t

MALDI %*4% A & HAHDr. Austin Yang)e] Z-5stof] mi2HE ofst,
dubg o AlE], = 2E Q8 A Foj(Preteomics Core Facility)

f

ol

Table 1. @2 0]o] ASFCHATRE) Zoleh KMLOOIO] o3t 47geirle] et

50% %Al 5 & _

(umol/L)ol 2% AR 5= Eé‘iﬂlﬂxﬂojaliuw

iy of uj ulg  [ICs w[EW 7oje] =

S[EES YA+ BFEH N _|AIsE A
! (Fold ratio|$] ik |
i o] 29
ICs0) At

PC-3(RA) 0.23+ 0.04 1.0 1 [2.5+ 0.21 1
DU145(R = A1) 2+ 0.43 87 3 |4.26+ 0.14 3
MCF7 parental(-84}) |2+ 0.35 8.7 3 |5.5+ 0.28 4
MCF7 wt h TERT  [2.33+ 0.43 10.1 4 |55+ 0.21 4
MCF7 mt hTERT 0.9+ 0.04 3.9 2 3.1+ 0.32 2
A2780(FA) 2.5+ 0.23 10.9 5 6.2+ 0.28 5
A2780cis 2.6 0.14 11.3 6 [10+ 0.35 7
HEK293T(EjA87] AIA})[3.1+ 2.3 13.5 7 |16+ 2.47 10
Saos-2 25+ 5 108.7 10 |13.5+ 0.70 8
HT29(ZA A thAH 3.5+ 0.7 15.2 8 [8.6% 0.42 6
H183(H)) 14+ 4.3 60.8 9 |13 0 9

o 1 50% oAl Eo] v 8§ 7k LA 50% oAl =S PC-3 AEF]
50% oA E9] o2 U ghel. PC-3 AEZE KMLOOLO| that ¥hgAol
1 7bg gee BRujols sl i,

L

Table 2. @z0jo] A} 1 Wo| Wjdo] AYE= KMLOOI

Sl 2ol oefol 2 ) 2o 0 Ff [ & 2] it 2o 2o E[ Ame Halg]
P OLE A% (m/7) KMLOOISl  R|: mEEA lwAes




+ B FHAL (m/z) +EFHAL
(TTAGGG)3 5,840 + 6.4 5,970 + 8.0 130 £ 2.3 1
(TTAGGG)s 11,416 + 7.3 11,632 + 9.8 216 £ 1.15 2
(AAAGGG)3 5763 £ 4.5 5831 £ 8.5 68 £ 4.0 e
(TTTGGG)3 5635 £ 1.2 5927 £ 21.6 291 = 22.1 2
(AAAAAA); 5592 £ 5.8 5602 = 4.3 10 £ 2.3 e
(TTTTTT)s 5,444 £ 9.3 5,458 £ 6.6 14 + 3.3 e
(GGGGGG)3 5,869 = 3.7 6,394 = 3 525 = 2.3 4
Am* : KMLOO1 2 #2]® g2]ukZe]eEto]co] Ale - ga]ni2eerto]to] Al
)
m/z = AF/As}
AMagede 4 dixdez Abgol Holal, (TTAGGC)s ¥HEotet 3FAMEo] 2.
Iy HA9
ad.1 g2 2R0]0jE 2= AxsEo] KMLOOLO| tis o =2 dadE 7t
Alct.
A. g2 "z00jE 7 M2t i 20jojg e 539 Al=+oll KMLOO1
= At = St A= A =

r (o]
>
o2
1o

i)
&
i)
i
EN
i)
>
Ra)
U
=]
ok

B. Ao|A] ® &l 671X NZZo] tfst A E3i(southern blot)g Hrisl =g
O]of At (TRF)Z o]t REHALS H oA AISHA T

C. 11719 N=FolA F+ 50%AAs= tiy] H=20ojoje] Zojof ol Amn]oj
Ok Q) A A S~ (Pearman rank correlation coefficient)S A A5t th (Table 1
Ax). Fe dzojo] Zojet e 50%AAEE (e MLEA) Atojo 9o
L A Al r=0.97F Q1% 9ict

a2, 2 #zojabA|o] thst KML0019] &t

A, S WE fxo] [AYPA] WY mif(banding pattern)E HolF=
polyacrylamide gel> TRAPZAo[Ao] HzU{2tA] &2 oot
0.1~20umol/L9] s==2 KMLO01E *I2]gt PC-3 M FEHoAo] =B aH2tA|
of &Y. ITAS = Y5 B2t £4 85

1291, SdHE = PC-3 Al Z&AZ 95°Co|A 1027 F

2891, PC-3 & &9 + KML001 20pmol/L

3291, PC-3 A& %% + KMLOO1 10umol/L

42]91, PC-3 Al Z&° + KMLOO1 5pmol/L
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5891, PC-3 A& ZZ9% + KML0O0! 2.5umol/L

6211, PC-3 M= Z=&9 + KML001 0.5umol/L

78191, PC-3 A& %% + KML0O1 0.1pmol/L

8211, F/dux = 7]EO|A Al&5h= HeLa A& &8

B. TRAP PCR-ELISA £ 3t PC-3 N=ZojAle] &lzojetx|e] &4 4. PC-3
HZol] A 8S =91 &f(vehicle)l} 50% A5 =2t 100%21A] % =0 KML001-S
BAIZtL 24A1F FQF A2stity. Aub= iRl g % 3= BAIE
o, 3o =YX Aol FAyor FAEQG. OiRT AMZo SEEE
100%= ATt 9ftje]l ZEojzlof] EA|SH paA]l= student's F&F AA
(two-tailed Student's t-test)3 7

C. oIzt BlzmjalA o AALEA

A Y, daTe R QiEAds &gt PC-3 A, H183 Aol sHojA
At H2UetA] Jilitea FM(RFA)o] WA sHAA(nucleoli) £ofA]
At dzwetA| AHAtE Al ZAu A SBAo ghibd It = wtA -
Abg 4 ©] oMol Wojzlct,

Z=7v = 233, 0.23umol/L =x°] KML001S 24A|7F Z9ot xalst PC-3 A&,
L 24A17F Z9F 14pmol/Lo] == 2 xe2]st H183 Al® 1.

= 73, 9umol/L ®=°] KMLOO1Z 24A]7F =9t x2]st PC-3 A&, T
& 25umol/Le] s=2 A2|gh HI83NZ. PC-3 A|Lofx gt aRojx
NzA =20l QI HMzmetA| JHAtg AL o]go] WALED o[ 5% oEA
A AES UM shi®). NEZE2 DAPIE AF8cto] tju]|EA o1ict. Bar

D. o7t Hlzujald A%

Atg A mRNA9] dFao] sk KML0OO1e] &3t PC-3
Alme 8X171 24417 59 A

oF A|25 =91 &ofj(vehicle)lt KMLOO1 50% <1 A=
T, 100%9Al=z2 A2gqct. 5F2A7]H  SX A9l prophobilinogen
deaminase®] tj¥|sto] P A BEUALE BAISIRS. 3§19 =540
I gEAQd AY Zre Uepd. "at = ZAAX(two-tailed Student's t-test)

of 71xg SAAA 7% % Al

o, 2 Ol-ﬂ r"“

_I

nol'

a3 el2aojof tjdk KML0019] it

A. MALDIOﬂ olst  KML001z} [TTAGGGI|39] ZAg. ©d ArS

5-[TTAGGGI]3-3" &e] w2 Efo| B 24417t &9 KMLOO1o] Q&=

U= AHoA 280 FEf2 37°ColA YAR|= S KMLO01QF &2 vw2d
ojco] FAHl&2 1 : 109. KML001-E A2|gt AEof4 KMLOOL AT

st 130 A= g Z4do] eE&Roz X|A|l= o] Hoju, o]7

KMLOO1o] &l 2njojo] A1 ATPSS AJAFEHTable 2 ZH%).

B. C& DoA &2 FFozRE Artd 571 AN % B+ FB=0]of

L

C. e Xt A=zojo] FA(EH)S 7HAaL PC-3 Ao F257] dAA
35



ofgh FISH 242 493, DAPI @Ale mebael, Razivle] ste 7t #u|7
AElOA o 2E ofx on, 10 =
7k Ao} EabEl Zlola stek Wm 7t ARglol et ok Aelet Az A

Ao] =, 1008) Q}EHHHOO‘(wﬂ?} 71)

KMLOO1 #|2]of o5 8% ®=zojo] A DNASST &/d4r4AE A7 DNA
&4

A. HI83A|ZQ} v]wste], &0 thx v~ (vehicle control, A1), KMLO01 50%<
A= A2H(E1), 100%9A&= A2j(stE)oNA y-H2AX foci F7do] =¥
o=z mAIE. PC-3 MlmofA 24A17F &t &|2]gt. sH2 DAPIE ARE-5to] O]

B. Ao ARH FF o2 REQ y-H2AX foci® B+ A2 F=g £A|2He
of x4t 100719] AZ3io] Frpst & 37§ A3 HS
oF% 71X (two-tailed Student's t-test)o]] 7] X3t EAAQl S0l S U}
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TTAGGG ¥ A2 ZEol et @4 thixe 3.
&0 A2jt PC-3 ANlzojjA ®E=2ujo] ¥t= 8AF QIAt 1
W] hlAlS 7ERl TTAGGGS] WA Oﬂ gt &8 of
Mouse IgG+= ChIP ¥h-2.9] EO]H% 3HO] 5= x

o%
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rlr

T
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=
2

=

o A2 A ‘8%% qzoA= 1ZA] A=

y-H2AXO Ao Juue 249 & ZF 239 "o X2 mAld.

E. &AM ZZE 95t 8-oxo-dGo] A, Ath : &0l (vehicle control)l} =&

50%AA'==21 0.23umol/L, 70%2A|=%=2l 0.75umol/L, 90%AA|‘==21 3u

mol/LO. 2 KML001& 24A|7F =9t A 2]st PC-3 Ajx9] 12,

QA 100%AR|%% 9umol/Lo 2 KML001S =23t PC-3 A|LTto] §-slo]
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Tamor Bosiee i of ReEsgeneous Nalere conining @ cancer seo o=fi (050 porralation which s beliewed o be
resDOnsibie Tor fakure of CeTEnt anbocancer thempies and which may et farher enriched under ssectwe
pressure =nabing Fe ecorence of o aporesshoe formes of e hemor:. Thenefore, cnderstanding e CSCs in
comparison i normal siem oelis s pecessary for dessioging Tempies which fBanpet the CEC popuisfon
efectesy. CECs share come =y chaacterisios with roral shem cess ke s=ifrenssal pofential, prof®erabe
guissrence and proterSon o ooioonc sut The acthvaton of stemmess genes Be Eomerase 0 mome han
S0 % of o ancers ersues. endless seffrenessl pobental Lindke normal shem cedis which Fave: iong: iomenes,
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rescivation of teiormerase [11

Carent anticancer agents bepet T matae ool popuiation, bt oot the cancer sie ool popuiation (ICSC5
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eroaion. This resuyls n somee-associabed DhA damages inducion and Eomens aSribon. Wie Daes previoossy
fourd hal cspecafy prosoie cancer RS WA Short Eomenss o esponshe o Eoew poisening By
FRMLOCTE] K s bedeved hal cancer shem o=l (D50 pooses Tghsr iSfomerass actyity for he matntananoe of
& oibical Ejomens Ength than nomad sem oefs 2 Thensfore, the CEC popuiafon may be mons sensifvwe o
bipmeEne Egetng Wi the arsenite cormpourd. Fan the bulk hemor mass. Thas we hawe imvesiigaled first the
CEC content in chemoralve (DU EES), chernotherapyresisiant (OA0H45 pacifooes or docetame] resisiast) ol
imes =s wel 2s hormone resistand prostsis canosr o= fmes [LRCaPACET and LAFC-S/ 055 1000 and examined
wiesiher FEAALO0T can nget the CEC populotion n Derdoussr We hypothscize that we willl Bred a3 highers
fplomnersces acthvily i the CECo tham Bn Hes bulk hamesr csfl macc for mamntaning = orifloal minenal
fpiorere Emghh reoscoary for el corviesd e bargeting felomerss and bekemerace wih the Selcerere
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I prosiate cancer ol ines rang= from 1 o G (Teb. 1)

~The mean tsamens restiction ragment iengen (TRF) n prostats cancer caf e Vanes fom very shord (26 1, LCSF) o modsrats kg
for e (a2 aggressie prostate cancer el Ene (6.7 kD, LAPC-L) (Tab. 1, Fig. 241, whereas the tsomemss scodty S simiar (Tas 1)

= The cancer stert oil poputation (57 ceis) ialated from S DUS4A5Pac200 cef line has almost 2 foid higher telomerase actvity than e
raturs inomr-3F] ol fracion (Fig. 30| and nesponds with simiar sensivy o KMLOD1 than e matore (nom-3P ) el faction (Fig4Al

= Goawih nhibfory concentrations i 50% (C50s) KASLODY reduces the cancer siem o=l popatabion (58] oy 35% n Be side popaiation
sz and by 30 % n the cionogenic ssay for Dui45Fac2i. Tre sored cancer siem cefl popuiation (2P = faction) | neduced by
£4% In the presence of KMLOD1 2t that conceniralion in ihe Conogenic assay.

= Ovar Mndinge Indioats that KELDDT ocan efeotively Inhibit proctades canoer ciem oslc ac well ac maturs fumor oell growth and
chould ba furihar exploSed olimioally |
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(=Gap[G]O phase) el G (=434 A} 714 do=w 48 5 4
B #7) 2t =3k & =74 E (short—term(ST)—CSCs) = %3 H 7
gts] ety dAAom FEH AT FEVIAE(CSCs) + Y A dEdAHq Y
E> HUEY okE HiE FEZE RddT FYY AR dE71AAE(CSCs) =HE E
A AE FHY AFder dAsth AvE HA MEXES oFE wjE AXE %3
algm o] ZE vl AlEEe PO #AFZAR] MESA Esol AFAHS FAd &

B) #H5AHA AA  °2FE(debulking agent) E°l  <F
(CSC—directed) Q%o 7} A}, k=7 AEe st
Hol BIFAE AL AE 235 EHCRE Sk oFR),
AE A ool ok (niche drugs)S EAH o7 &&= Eo
2o 159 HiES % CSC iYW ¥AAE 83
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12 QWA geramA A W s=2 AqFA AP o AEZFoA SP,
d2vga] g5 9 "dFZujojo] ZdolE st ATP A3 JMHE (ABC) 54 9

=3 TSP+ &4 sk A

2

8 Ul45/ Pac200 (FZ8g4 A34) % DU145/Docs0 (ZAgA A 3Ad)
AEFeM, CSC w2 (SP )= #lstar e A7l 2L

8 12 QWA ster QXA WU $=28 A dHA dAMxTF 18l BFE CSC
(SP 9¥A) 4 ALAL (SP &4)Follr dEujo] 7/ AbE E4<2 KML0019)
aE 2AEHE A

8 ST AN (SP) W g EAHA Alx AFS dAets FE s5=
72A1ZF ek NS v, DU145/Pac2007 DU145/ Doc508] A< AL =

CSCE Atdsl= KMLO019) 58S A= A,

LI

&, KMLOO1S & v (deul= A7|% LA A #8153 100mMe] ©
A1E PBSE ZH|etn 1 U AE —20°Ce] B3t fZeal 2 TA AL
Y oA FrE AYAAR AFEE S

AEF DU1455 AEE ATCColA gr3 DU145/Pac200 ¥ DU145/Doc50 Al
v WEHE gHpdigte] vy FAE S FARD Hhabe] oal] Y EHAS. x1dg
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Az gallEe dad &
= St
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FTO) 2 dAAzsl AxZeA 2] DCV FWH (Side population) &l HAEE, KMLOO1
of i3t Wits, dzujoje] o] (TRF) 18 19 A#sts daudAe 5w
(TA).
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. 53] PgPe= & AT A dAEFoIA Z2A A

AP AEFE FE £EE CSCst A dEnjo] Bd $5& 21 A%
FEAEZ Folgit o £2 FFY d2uo EFEE 23

7% 3. RT-PCR A% o=z =49 hTERT F44 &¢d. A, 25 g gd=
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ol SHYRE (e ARE sleclE ARE EVF A A F S
AR THE SAAM &2 &xp7p A At syt

AEAEY A A (PAX-1, KMLOOD) .2 i 24F s gdoz
PEAEE AT B SAE F tete] =2sta dFHY

Nano—Technology Testing & A& WUAEE HO IAMEHEH IS A

A7) Siste] AP =jsha dg

6. k| Yo uR2MEZ(GBM) HES Y2z HAY HA Zat

In vitro: Combinational effects of Kominox and TMZ in GBM cell Ling
U87MG, U373, U138, T98G

Results (In vitro - CCK assay)

[ TMZ sensitive cell ] [ TMZ resistance cell ]
-U37_3 T98G
(A) (B) 1200 *okk
100.0 e o 1
100,
H 3
£ w00 5
£ S =00
i k1
B 00 £ soo
& >
> 40,0 =
£ - a 400
a =
= =
S 200 5 z00
= i 2 l
Y o0 0.0
Ho e ™z ™z Ko ctid Ko Kol Hﬂ TMZ  TMZ ThZ Komi Kodnl Komi
treat Lub 10 ud 100w 0.1 uht | A 10 ubd 100 ubd vat LRT S LR R (AR AN KT | i I ﬂ'I 00 A
Us7TMG u13s
Rk Kk
©) 120 I fididid ®): o [ ; P
1 -~ e —
3 v il T 1000 L
£ 1000 : £ -
E g 80.0
¢ 800 -
3 #
g 500 = o
2 00 2 400
2 £
& 0 I 3 00 I
00 0.0
We TME TMZ WME  Memd Keml Mom) ko i Wo  TME TMZ 1Mz keml | Komd Kemd | Kee
Feal LuAd BOuBY K00 whd OE ahd LuBl p0 bt 100 ubd At 1 A0 UMY pocuk 01 ubd Lubt B0 wld L0 Wk

o p<0.001 vs. control, ### p<0.001 vs TMZ 100 uM
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Results (In vitro - MTT assay : Effects of Combi. Tx.)

[ TMZ sensitive cell ] [ TMZ resistance cell ]

=10 120
T = .
Rl [ o £ W —. -
Sw 5.
T e e 5
4 2w Ak W
_a: o

EB * e ok
K} £ o
R e ek s n . .
= ok P 3
g o B e 0

Control TMZIDO Komdl Komi-10 Komi-S0 Komi-100 TMZ100 TMEZ100 TMZ100 TMZ100 Control TMZ100 Komil Komi-10 Kemi50 Komi-100 TMZ100 TMZ100 TMIL00 TMZI100

Mo fhomirl0 ko3 [komi100 Mot fhami10. fkomi-50 fami-100

wE

g
B
g

s g g
! I
I
-
m: :
TR
I
.
B
B
Cell viability (% of Contral)
I
-
B
- |
!
__E !
I :
_—
B
-

Control  TMZI00 Komhl Komil KomiS0 Komi-100 TMZI00 TMZI00 TMZIO0 TMZ100
fHomi-1 fkemi-10 flomi-S0 floeni-100

g .
g

Kom-l  Nomi-l0 KombS0 Komidd0 TMII00 TMZI00 TMZIN TMZ100
fromél fomi-19 fkomi30 fkomi-100

* p<0.05, ™ p<0.01, ™™ p<0.001 vs. control, ### p<0.01, # p<0.05 vs TMZ 100 uM
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In vitro: Radio-sensitizing effects of Kominox in Lung Cancer Brain metastasis
PC14PE6 lung cancer brain metastasis

Combination study of Kominox and radio-therapy
in H23 lung cancer brain metastasis model

I*108
H23 cells i.c. Day 1,Txof Kominox (5 mgikg, p.o)
Ve > Tumor volume
| | | | | | measurement
I | | | | | -
0 1 2 3 4 5 weeks
Day 15,RT(5G i
3y 15,RT(5Gy) =5, pel 001 vs. Control
T ##, p=0.01 vs. Kominox
T 5, p=0.05 vs. RT
E
=
E 15
b=
E
2 10 ==
E E 5
-3 el
- . . -
B -
o : ; :
Control Keminox 5 RT 5Gy Kominox &
me/kg RT
Tumor mass (mm’)
Group N
Median Range
RT 5 Gy Kominox & RT Control 6 17.5 122-202
Kominox 5 mg/kg 5 7.4 62 - 10
RT SGy 5 5.3 2.9 -84
> Kominox & RT & 1s 02-57
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Combination study of Kominox and radio-therapy
in PC 14PE6 lung cancer bram metastas1s model

1#10¢
PCI4PE cells i.c. Day I,Txof Kominox (3.5 or 7 mglkg, p.o.)
Ve N
I I I > Survival length
0 1 3 weeks

|
|
2
*
Day 9,RT(I5Gy) I
MR

Control Kominox Radiation Kominox

7 mg/kg 15 Gy 7 mg/kg
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15. 31 & 11 A{(Study Reports)5 5

S1. Study report 1027529. To evaluate possible analgesic activity of API in the
analgesia, Acetic Acid Writhing assay, US. June 2007

S2. Study report 1027530. To evaluate possible analgesic activity of API in the
analgesia, Formalin, Mouse assay, US. June 2007.

S3. Study report S07098. Test Article Efficacy in a Rat Model of Cancer
Induced Bone Pain, US. February. 2008

S4. Study report Neuropathic Pain. Efficacy of Panafix in animal model of
neuropathic pain.

S5. Report Notox Project 360326. Pre—pharmacokinetic study with PAX—1 after
daily intravenous or oral administration for 5 days in the mouse. February
2003.

S6. Report Rephartox Project RPTO01-002. Analysis of samples from
pre—pharmacokinetic study with PAX-1 after daily intravenous or oral
administration for 5 days in the mouse. Version 1, 28 August 2003

S7. Study F003. a) The Comparison Between Arsenic Trioxide and Sodium
Meta—Arsenite (FO03) Clinical Chemistry and Haematology Report, Version 4,
July 2006, b) The Comparison Between Arsenic Trioxide and Sodium
Meta—Arsenite (FO03) Pharmacokinetic Analysis Report, Version 5, July 20086,
c¢) Comparison Between Arsenic Trioxide and Sodium Meta—Arsenite (F003)
Macroscopic Pathology and Pathomorphological Results, Final Version, 21 July
2006.

S8. Report Notox Project 349111: Pre—pharmacokinetic study with PAX-1
(KMLOO1) after daily intravenous, intraperitoneal or oral administration for 5
days in the rat. September 2002.

S9. Report Rephartox RIR021. Human plasma binding of PAX—-1 (KMLOO1). April
2006.

S10. Report Notox Project 367886. Dose range finding study with PAX-1
(KMLO0OO1) by daily oral gavage for 14 days in the mouse. March 2003.

S11. Report Notox Project 367875. Dose range finding study with PAX-1
(KMLOO1) by daily oral gavage for 14 days in the rat. March 2003.

S12. Report Notox Project 367908. Maximum tolerated dose assessment of
PAX—-1 (KMLOO1) after daily oral gavage for 14 days in the mouse followed
by a l14—day recovery period. May 2003.

S13. Report Notox Project 367897. Maximum tolerated dose assessment of
PAX—-1 (KMLOO1) after daily oral gavage for 14 days in the rat followed by a
14—day period. May 2003.

S14. Report Bio Logic Study No. 03—101. Maximum tolerated dose assessment
and kinetic analysis of PAX—1 (KMLOO1) after daily oral administration for 14
days in the pig. February 2004.

S15. Statistical Report Biometric Support BS031003. Maximum tolerated dose

assessment and kinetic analysis of PAX—-1 (KMLOO1) after daily oral
administration for 14 days in the pig. October 2003.

60



( a \
“.\%“ .

1960) &

o]
20} (04

S16. Chemon 09—RR—-193P A 4—Week Dose Range—Finding Oral Toxicity Study
of Sodium meta—arsenite in Sprague—Dawley Rats

S17. Chemon 09—-DR-194 A 4-—Week Repeated Oral DRF Toxicity Study of
Sodium meta—arsenite in Beagle Dogs

S18. Report Notox Project 378258. Subacute toxicity study with PAX—1 after
daily oral gavage for 14 days in the mouse followed by a 28—day recovery
period. October 2003.

S19. Chemon 09—-RR-265 A 13—Week Repeated Oral Toxicity Studies of
PAX~-1 in Sprague—Dawley Rats Followed by a 4—Week Recovery Study

S20. Chemon 09—DR-266 A 13—Week Repeated Oral Toxicity and Toxicokinetic
Studies of Sodium meta—arsenite in Beagle Dogs Followed by a 4—Week
Recovery Study

S21. Clinical Report, IPSS Study No. DO008. Clinical phase I study in cancer
patients with oral PAX—1 (KMLOO1) - A new cytostatic drug. August 2006.

S22. Chemon 08—-RA—-303 A Single—dose Oral Toxicity Study of Sodium
metaarsenite by Up and Down Procedure (UDP) in Sprague—Dawley Rats,
October, 2008

S23. Clinical Report IPSS—D039 A Clinical Phase II study in patients with
prostate cancer and bone metastases with KMLOO1 (Kominox™). A placebo
controlled, randomized, multicentric trial. 19Feb2010

S24. Study No. 11-DK—-512N. Toxicokinetic Study of Sodium metaarsentie after
13 weeks Repeated Oral Administration in Beagle Dogs

S25. Report Rephartox Project RPT01-002. Analysis of samples from a
pharmacokinetic study after daily oral administration of KMLOO1 for 14 days in
the pig.

S26. Study No. B12346. Cardiovascular Effects of Sodium metaarsenite
(NaAsO2) in Conscious Beagle Dogs after Oral Administration

S27. Study No. B12345. Evaluation of Effect of Sodium metaarsenite (NaAsO2)
on the Respiratory Function in Conscious Sprague—Dawley Rats after Single
Oral Dose by gavage

S28. Study No. B12344. Evaluation of Effect of Sodium mataarsenite (NaAsO2)
on the Central Nervous System in ICR Mice after Single Oral Dose by gavage

S29. Study 10-VG-511. Bacterial Reverse Mutation Assay with Sodium
metaarsenite (NaAsO2)

S30. Study No. 10-VG—-513. In vitro Mammalian Chromosome Aberration Test
of Sodium metaarsenite (NaAsO2) in Cultured Chinese Hamster Lung (CHL)
Cells

S31. Study No. 10—MG-515. Evaluation of Sodium metaarsenite (NaAsO2) in
the Mouse Bone Marrow Micronucleus Assay (Oral Gavage Study)

S32. Study No. KNX 10-02. A Phase I Study of KOMINOX (KMLOO1) for
Refractory or Recurrent Solid Tumors
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S33. Study No. KNX 09—-01. A Phase I Clinical Trial to Assess the Safety and
Tolerability of Kominox in Patients with Progressive or Recurrent Glioma

S34. Study No. UMGCC805. Phase [ and Pharmacokinetic Trial of the
Antitelomerase Agent KMLOO1 (KML) and Cisplatin (CDDP) in Advanced Solid
Tumors

S35. Study No. KNX 11-01. A single—dose, non—controlled, open—label,
single—centre, phase 1/2 clinical study to evaluate the efficacy and safety of
KOMINOX (KMLOO1) in patients with unresectable, advanced or metastatic
cholangiocarcinoma

S36. Study No. KNX 11-02. A Phase II, Open Label, Non—Comparative
Multicenter Study to Evaluate the Efficacy and Safety of Kominox (KMLO0O1)
Monotherapy in Patients with Metastatic or Locally Advanced Liver Cancer
(Hepatocellular cancer) after Failure on Systemic Anticancer Therapy

S37. Study No. KNX 11-03. A phase 2 clinical study to evaluate the efficacy of
KOMINOX (KMLOO1) in patients with refractory or relapsed non—Hodgkin's
lymphoma

S38. Study No. KNX 08—-01. A Phase II study of Kominox (KMLOO1)in patients
with metastatic hormone—refractory prostate cancer after failure of systemic
chemotherapy

S39. Study No. 10—-DK—-238N. Toxicokinetic Study of Sodium metaarsentie after
13 weeks Repeated Oral Administration in Beagle Dogs
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Thank You

CONTACT

() 15094 ZA7|= AZA] ZHZ 17(HAS)
Tel : 031) 498-6104(ext. 0143) / Fax : 031-498-6107

http:// www.komipharm.com

IRE2| : webmaster@komipharm.com
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