WD 2008/ 118991PCT/ US2008/ 058323 METHODS AND
COVMPCSI TI ONS FOR | NDUCI NG APOPTCSI S BY STI MULATI NG ER

WGEIRESBITROSS- REFERENCE TO RELATED APPLI CATI ONSCT/US2008/058323

[ 0001] This application clains an invention which was
di scl osed in Provisional Application Nunber

MictEtyBR At fte Gefiyoies 1Ok ribiubaBiG PO ToSIS BY

RETI CULUM (ER) STHMUPIRATHNGEERNSTRIESSCELLS CAUSI NG
TUMOR CELL DEATH'. The benefit under 35 USC 119(e) of
t he Uni CROSS-REIFEREDNIE TONRELATILD ARPIGCAEIONS eby

cl ai med. The above priority application is hereby

[0001] i ncor pRsakpslichagsei dail bef Rivemed Wilibik Bvad diddfosed in Provisional

[0002]

[0003]

[0004]

I NVENTI ON [0002] The i nvention pertains to the field of
mipekeatian eéuéﬁ@oswﬁ?eﬁlséMarélm%r%O’i eriglefl ndkt OB CHEMICAL

SGP&@#I@%IHQUCI ng apop 05| sin ceﬁmgﬂlggg vItaCﬁTFLUM (ER)

t RERERS RESPN S]EmmMORTCELLS\@mUSDﬂGaﬂWOIECELESDEAT ”. The
net hads for_the treatnent of cancer, including

dbgiefit ypdert 3 Ursé‘aéll%‘?)u@ﬁ the Yaitednytates paovisenal rapalication is hereby

gagfr}‘g% es@él nvol Vi ng pP@gﬁt&W‘lﬁ%w&ﬁ] &I“&)P* fél?nce'

sui ci de" and under physiol ogical conditions it occurs
after cell surfaddEddaOF THEANGENTION occupi ed or
activated by various genotoxic agents. This process

| eadsThoinvehtsnesithinisab thefieldsd mileayiraabdicine. SoréhsiRtularly, the
I n turn activates t he caspase_ enzynes t hat pronot e

Bty RertainsJoApeindse capppERis gn @mP@Srlfé‘?nSd@!i Selegiigly inducing
a{bc %}%Fsa?gcgﬁgggugéra%tméﬁ&’ J&s g&?}%ﬁ%d gﬁaeﬁﬁ%rﬁ%ﬁrﬁlso relates to

this npor ant ce process
Alntthodg Hoatheomgxtabensi vancen dﬂclaﬂmgddlffg:udxf toafreqif dﬁngreatetant, and
the npl ecul ar level and cellular level is yet to be
aACHEE #3%°he know edge accunul ated thus far has |ed
to the realization that because the process is
genetically programed, it n%%ibe susceptible to the
QG

effects of mB I%GIRWD %F@V N i nvolved in

the pathogenesis of a variety of human diseases such
as vi ApOPIDSIS &0t Proness lamlmnmmmumé aslésleah or Cegllwdar suicide” and

der })hYSI qogxcal c%nhﬂfo%s Eteoaclcﬁrzs% e Bell surface death receptors are occupied

or activated by various genotoxic agents. This process leads to mitochondrial release of

cytochrome C, which in turn activates the caspase enzymes that promote apoptosis.

Since apoptosis was first described in 1972 by Kerr ef al. (1), much knowledge
has been accumulated about this important cellular process. Although a comprehensive
understanding of apoptosis at the molecular level and cellular level is yet to be
achieved, the knowledge accumulated thus far has led to the realization that because the
process is genetically programmed, it may be susceptible to the effects of mutation and,
therefore, may be involved in the pathogenesis of a variety of human diseases such as

viral infections, autoimmune diseases and cancer (2, 3). Based on this realization, it
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WO 2008/ 118991PCT/ US2008/ 058323 has been wi dely

recogni zed that any therapeutic strategy ained at
WQpwsitasenl | y triggering apoptosis in di seasedPCEUS2908/058323

that suffer fromdisregul ati on of apoptosis (e.qg.

cancer) may deliver potentially promsing therapies.

[0005]1n.a recent Ferr ave . .
B el FERBNeR] bEauncabhtis ey Ained kot iy riggering

t Bieypadeinl disdagddedells ket sofferafpera tddseglation ki€ €e.Eh@mncer) may
review, existing strategies for apoptosis-based
t ﬁ@ﬂ@bP%m@ﬂy meméping ihe@pieit o two types: the
proapoptoti c approaches and the apoptosi s-perm ssive

[0005] appr obc faeseceﬂ’tahftmlel Bireive e k. s¢4) olﬂawxmmivmdycurrent strategies for

roaches i.n each category aéOOO E roa opth
AP HER ke epneyticpRigHEAS Phabor the ydeyy, existing

a r h
RIS, Br ap Nl B bR Rl e RO t%"%&%% hergmpoptoti
sephoavhes @adhthee@m@m%panﬂssc&@s papreschesr (Thable 1 shows a list of
i nt roguct on % 18; oapoptotic nol ecul es such
a%xe,gﬂj %rylaﬁpmﬁ; eﬁb%fi caegg rat egi es can involve: (a)
di rect. introduction of proapoptaqti | ayers

[0006] .\, qul ilng BFPagePUM PRI g ﬁppgq:g%ﬁj@tg am% fo (dg)act?y induce apoptosis.
r t 4,0 t u SQF f
ER T DRy Lo, PRE RIS GRS (2GR celluler players and
spathresysr sikchdad fdeatbneesptmt amienaspaseﬂabr ahel iotastetion of exogenous
cells. There ore, achievin nor cel.l £e0|f|0|té
WHORRORTPYA Rplerilgs 5 i%SiARPP 0 Lapgpigt SYAERST patigROvE (a) direct
tﬁ?ro@ﬁdf%h%'ﬁ@épo@fotfcmlﬁre}é/ RE) RbdARREPBE Bﬁ?ag%ﬂfotw molecules; or (¢)
exanpl e, experimental therapies targeting
r@@fepﬂtmn@fsfumhr asppFNSOIag@ne ctivay e Howsuén ecbapntlc strategies are not
ischem c.and h esigns_(n several
(5567 P R SRR el 7B PSHEE Veplh TReEBie, achioving
Ofufi®i delnshecif®ithasetlcominingzing Qﬂkﬁﬁ‘ﬁ bt DynhboekilRgge in the

sonme, of the intricate signalin ways nedi ati ng
stpvglopgienhekidisgiyse oh avprpaphﬁ@ rEfmexwﬁlﬁ PXW%IEPA tthqrepjesstargeting

: (%agg%?g{}&@ _FE(FHS ilsﬂ;lge o? ﬁ%’ ﬁé@%&lteﬁ@%%%ﬂ%ﬁ%av d ﬁlgrrhaglc lesions

rate
niansee@aicistnes. t oxi city probl ens of the proapoptotic
approaches, however, successful devel opnent of this

[0007] tyPe ahe aﬁm&s@gp@xﬁnﬁv&u@ma&&e@@ ﬂfé%er%n@ i858 loR9he premises
know edge of the nechani sns by which apoptosis is

fthat by blatsleldg smg o fthg intricste ua@émgtmﬁwwg rmdmtmg@m@ @nessages
ar f ect

e IOTRERBOLBT oRARUR hber OF BBIRTHER Rl Hopksis may be

Striighére@X ThisStype Gﬁﬁﬂatdiﬁiés denotHak e RO @:Ss éﬁ:@lﬂ%&bﬁ@i&y peib¥ems of the

i nduce apoptosis in seased cells, new t ool s and

NS OMSIEOCHPPTs h s BAYVE YR, %uﬁée%%ﬂréeveéommt of this type of strategies is

%&%&%ﬁ@@&ﬁ%ﬁ gsgé%gﬁldoé%%ﬁg’dge of the mechanisms by which apoptosis is

facilitated. Thus far, our understanding and knowledge of such mechanisms leading to

the secondary effect of apoptosts are still incomplete.

[0008] Therefore, there still exists a need for new strategies to selectively induce

apoptosis in diseased cells, and new tools and methods for implementing the same.
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SUMVARY OF THE | NVENTI ON [ 0009] Accordi ngly, one object
of the present invention is to provide a nethod for

WO 818991 apopt osi s that may serve as the basiRBCT/US200&058323
t herapi es. 100101A further object of the present
invention is to provide conpounds and conpositions

t hat are useful i i i nts.
[ 0011] Anot her f%@ﬁﬁ@ggﬁéﬁét H%?ﬂfﬁ%ﬁg?@ ent invention
isto proajd a nethod for screeni.ng, selectin

,. ,and
[0009] g s c ofprqretio MIGLRRIE t Hathe aresens drAntige lagterargw_risra method for
| BAUGhEpGRGRE A5t ay E&Q@%ﬂﬁ@%aﬁ@ﬁﬁ%ﬁrgﬁ%&% fagr obj ect

of the present invention is to provi pt osi s- based
treat th far.tr 1.ng.di ses.. [ 0013} These
10010] o'tqﬁgéﬂ }g%j 89 §t 8? 1ih%eg %%%ﬁ;ehqq’eﬁtﬁ%eﬁg i %’pr% & roifopnds - and

besiapasitions ehad RRAIsefil ad popeidfsididifhagenish the fol | owi ng
detai |l ed description of the preferred enbodi nents,

[0011] €1 t hehnaihen Gutier 5\3%&52"3}1’ pat b%gémt RELARN iR HrRR& 2 method for
satisfied by the unexpected di scovery of a new
estdenpings selectingt andi HisnoeHRY cotpessisrtbatpoe sisefnbashagensnior inducing
which leads to apoptosis. [0014]1n a first aspect, the
pfREPEISIS i nventi on provides a method of inducing or

aggravating stress in acell's ER to trigger )
[0012] 5popt B8t &no srerbiest o eherpresegt inyentions isae setide ppeniesis-based

g{ri@zﬁﬁgﬁtﬁl K(‘?&tﬂg?@ﬁlﬁﬁeﬂi@agé& i nclude the steps of

ellectively I n g sarcopl asm c/ ER cal ci um ATP- ase

SE activi in.the | without inhibiti .

10013] {1 oBbeyctnds lnbr (s 3ot ibiees Tianfan oot nyit fgcome more
expaReS | 8 NcdHjurfeGOA THaR AL CRNlokifd i dethiled O&e%i:lg'ption of the preferred
honol ogous transcription factor, al so cal | ed GADD153:
gerobpdimants.e sithes nalomNar daneayebipaitbng i thergo dirve 1158n (@HeIRd by the
i | onhi na | i.nhi bi thang. SERCA .
e R Unop EOERERIN, OBl bl S Ehepeshonge mechanism

cwhidhtidadntd @optall e for initiation of apoptosis in the
cell. 1001511 n a second aspect, the present invention

[0014] Provigles f:eiPad, MY pP&EREMVABtion provides a method of inducing or
aggravating stress in a cell’s ER to trigger apoptosis. Embodiments according to this
aspect of the present invention generally include the steps of selectively inhibiting
sarcoplasmic/ER calcium ATP-ase (SERCA) activity in the cell without inhibiting
cyclooxygenase-2 (COX-2) activity; and elevating the expression of CCAAT/enhancer
binding protein homologous transcription factor, also called GADD153: growth arrest
and DNA damage-inducible gene 153 (CHOP) in the cell. The combination of
inhibiting SERCA activity and elevating CHOP expression results in a condition

favorable for initiation of apoptosis in the cell.

[0015] In a sccond aspect, the present invention provides a method for screening,
selecting, or designing compounds useful for inducing or aggravating ER stress in a cell
to trigger apoptosis in the cell. Embodiments according to this aspect of the present

invention generally include the steps of obtaining information about a test compound
3



sel ecting, or designing conpounds useful for inducing
or aggravating ER stress in a cell to trigger

wapwptteeds in the cell. Enbodi nents accordi ng RPOI/USI088/058323
aspect of the present invention generally include the
steps of obtai ning informati on about a test conpound

18991P Uus2008/ 058323 a entifving the .
VR R Bl IS RO 7 bR, ERRk ey agent it te
aggipount i§ ALinkbiReUNSERE A2 and Robhi Mhikor SEBOX-2and i's
not an inhibitor of COX-2. 100161llIn a third aspect

[0016] L Ne PHRESEIM ds & Pidsdt %eﬂﬁﬁn @R)@Rféy @8115 Lb%efﬁfsasad?l ER stress

ER stress agg vatl g agent a t he ene
f aggranating apdrdy leiving thd gemeraiﬂ‘bﬂmyﬂa f I uor onet hyl ,
di fluoronethyl, tTifluoronethyl, alkyl, fluoroalkyl,
di f 1 uor oal kyl , trlfluoroalky|R4po“¥quoroaIkyI
hydr oxyal kyl , or carboxyal kyl 5s hydrogen, fl uoro,
ehl oro, brono; fl uoronet hps~—4 uor onet hyl ,
trifluoronethyl, alkyl,Rfluor 2y dlfluoroalkyl
trifluoroal kyl, polyfluo oal Ky hydﬁoxyalkyl or
car boxyal kyl ; R3 - ar’e [ nddjs
a group consisting o ‘ 4
brono, all oxy, alkyl, " £1'Uor 03
trifluoroal kyl, polyfluoroal'» . ro§yalkyl or
car boxyal kyl , aryI and het Btooa yl 7Ry~ 1R1L1 are
|ndependently sel ected from a B§08p HonS|st|ng of :

drogen, fluoro, chloro, brono; fluoronethyl,
E%Wﬁﬁbronethyl trifluoronethyl, alkyl, fluoroalkyl

flu y or Y I,
ﬂ%/ irso )((}flgﬁtﬂ( huom%ll)l()}l'a gskﬁge%yl ti‘lklglefoﬁfQﬂ%M valkyl, fluoroalkyl,
cycl o&ﬂnyﬂoalkbrlsmeﬂwdkylc polarﬂyOroa}kyl ﬂledle)pc@akyll, pr canoboxRalkyl;

R AR Tt Y hﬁ&a&}w ooy, wifluoromethyl,

hydr Oéﬂ(iﬂ vibroalks, REAYAbKKYT, t@ﬂm&@ﬁﬁ% oﬁfﬂhMIHyY'hydroxyalkyl or
cycl oal het érocyclic, aryl eteroaryl .
carboxyalkyl

A

fRyoro, chloro,
fl uoroal kyl ,

R3 — Ry are independently selected from a group consisting of: hydrogen, fluoro, chloro,
bromo, alloxy, alkyl, fluoroalkyl, difluoroalkyl, trifluorcalkyl, polyfluoroalkyl,
hydroxyalkyl, or carboxyalkyl, aryl and heteroaryl,

Rg — Ry; are independently selected from a group consisting of: hydrogen, fluoro, chloro,
bromo; fluoromethyl, difluoromethyl, trifluoromethyl, alkyl, fluoroalkyl,
difluoroalkyl, trifluorcalkyl, polyfluoroalkyl, hydroxyalkyl, carboxyalkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclic, aryl, or heteroaryl; and

Rz is hydrogen, acetyl, acyl, alkyl, fluorocalkyl, difluoroalkyl, trifluoroalkyl,
polyfluoroalkyl, hydroxyalkyl, carboxyalkyl; aminoacyl, aminoalkyl, cycloalkyl,
heterocyclic, aryl, or heteroaryl.

[0017] In a fourth aspect, the present invention also provides a pharmaceutical

composition useful for inducing or aggravating ER stress in a cell to trigger apoptosis in
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[0017]In a fourth aspect, the present invention also
provi des a pharnaceutical conposition useful for

WO p6a18991 or aggravating ER stress in a cell tRCT/US90%058323
apoptosis in WD 2008/ 118991PCT/ US2008/ 058323 t he
ceII Enbodi ments according to this aspect of the

tl 0 eneral I ncl ude, ap ER-str
e S ESen s SERGhRe b Il AR PR Pupption eenerally
C ii’fcllid@ ran HROH&) bforavdtinitage@s DRLA phdri@cdiedBNdcceptable carrier.
i nvention al SO provi des a nethod for treating a

di sea .
00181 52560, SR ApLEIL DARE LBl b HNELRY o for atn o
t disgayed capbifddromi sspatient byeindedihg or dgpbaditing Rssteescirsdlentgd diseased

hIS aspect of . the present ntion erally.
| fllufreo 2l % RPHSiH g el %@F?Cﬁ@egtsm?gw %&Pmﬂ of the
o8&t | 1%@erﬁf59ugéne§‘efllyalrﬁhﬁe'@%eéﬁﬂsc Bl &RRRART EOQ pharmaceutically
according to t pr évi ous aspect of the present
i effentivie amouh00fl @ plerimeaccutpb corpasittbraaheardizg Bs thefpretieus aspect of
iﬂ1§ent| on W ll be apparent fromthe follow ng
d é’F?SSP‘PBHe”é‘r‘?B the appended clai ns. BRI EF DESCRI PTI ON
E DRAW NGS [0020] Figure 1 shows a sinplifie
[00191 rmdel Oéher f‘ﬁ@"@rainfl .aé*éantw\% At thedyyenign mlébmwwi@m the following
r vare ER stress (such as after
ésgﬁﬁ%&bﬁdiqg%%g% gﬁ?%a transl ati onal attenuation
ensues and participates in the subsequent events of
the ER st r cBBIEEDFENCRIFHCRY OFTRHEBRAWINGSst i t ut ed
of two antagonistic parts: (I) protective conponents

[0020] (1 i st Biguire 1t ivwsed tinldifledtiade] fabel ceitickf SofisVdiring the ER stress
processes to ensure cellular survival under stress

aiearqss. b ash Sbt BIFE FBeé‘tf?ﬁsl ﬁaek.asgaiﬁ%ﬁhﬁoﬁmlaon of SERCA)
qréncsia?i%nélna GatidiIBlsub® ?.fld ﬁﬂi M {nl 1 Qes%b% 'il?nt vents of the ER
dom nat trigger ce cﬁ’ea apop 6si S) Tre

bm.esmmm (ESBesHievESRIis camstinttedoef wel areygrahistis patts a(sl) protective

in the continuous p ence of a SE i.nhi bitor
CEIEPQyEnts cdkﬁ %ec%ﬁﬁmxg thag cxpquis defensive procpss Eh?rrsyre cellular

p t r [ I : :
PLEPE S R o SRARORPTE SOk S o (it i e

enght hoxgewhirdveils beginrididononae rhdttrigge oilt douth @mptosis) if stress
in tumr tissue s, of .o

r esent | ow | evel
RGRER G ColPERNe b, rliS b Slfeuh o B o HEGRinuGE presence of a
COPRCACHKhDHIIBHO M cb.sl’é SthiewLlc98lfchiac EREstRss hAr isMiquently present in
present or are only weakly active. However, when thé
tmmr cgl$, | CoEMOBEms en éh%\&ﬁi%/ bpomainigR derpisgace and bunpert tumor cell
i.an S .t he .
AR o AARGE o 8o Wectol cBByghhes sS4y il fpr ssue ow

alggeﬂwﬂb;e;egeﬁpldvﬁ gleccfse peBgnitlesthevdconditions, the ghtp&sts shown in
becone activated and gai n dom nance; under _t hese

clondieht bavsare eRber ot R é’fef Qﬂfll’ weRkly g Eloresver whea the tumor

G A bR A0 R, 38 ek af et the phesmpcologi fpoiion of
rSERCAbthe alirdady eprescut dow-level ERebtresd emiilhbe Moty taggtavhted and the
I|sted casEase 1 e form f this

oo BV e b b mecectifalsd Gad Faif Qo e these

C@iﬂﬁﬁ)ﬁs 4he e feHEeE RffoRSHRSNpbAclS 8 U;ﬁ@ leHi B & being overwhelmed,
functions during the events of the ESR).

5



[0021] Figure 2 illustrates the three major activity

| evel s of the ER stress response system and the
W@pidgIvsti c def ensi ve/ pro-apoptotic functi onRCHES2008/058323

GRP78 and CHOP: (A) The "No ER Stress" condition

(left) is the default situation in normal cells. Here,

very.low | evel.s. of CGR in.the ER | unen bi.nd tqQ. P .

! B the RIS nsfhs bt o ML 8% P Sl i, STy e lised
t bphisel Ay ® the ahhe OBl of hiCagek; telhushan Grthelvigbe is caspase 4
stress (low glucose, hypoxia, mstolded proteins)

Erferhyimag caspase 4 gpgl mPRUS gaspase 18 srenuts emilanfuggtiens during the events

g
FﬁfQEEﬁg@g | evel s of continuous stress lead to the
partral activation of the ER stress response system

w th hasi s.on el evated | evel s of. P78 hi ckened

10021) 5y 0 EfFRTER 218G e ke S BeivelovOptn Bh L S rECey Tesponse
ERstdnt QA8 tBY Shiapd A&t &éf&ﬁsli“%lfmfa%o f36E F@S&ions of GRP78 and CHOP:
chenp-resi stance of tunor cells. 1n this scenario, the

EQ\) Than Sive it &hresst sopdition (lsfPiERke deRmit simatoraitFgormal cells. Here,

PR RY A EERET 8 1 RS Ny M RRICIRER L B]FS, and koo

GRREYSBERStRsS eorfipotichayl inZBeifl laeties bawes. @) acdanc@fcetllfiechronic stress
initial stress condition, such as through the ability

 Gowcalucose shysoxise ikl dedr pratesd iearasates dhee Ty [ROStress” condition
Per si i | sk .

LR e, ByPibet Y i O3S SORRIER G3nd diaP GURfofr St the ER
Seivss eeshinst systamns withtemphadis b tlevatedfevelsaifaiRP Yy (thibksied arrows),
vig,EERK—nediated phosphorylati%n (=i nactivation) of

t WRISS| IOV Thaj RIPISEREh comppasnt PThpHER (Weps aYsiqm andy furthermore
| %p@f‘eﬁge S est € SORMr QNR. 14 RRisPSRhSR. | t4E B} Fnsmembrane
of GRP78 i's overwhel ned, and the activation o

pearEpepts AERK RO, and AsliResdsplantow tavelsatfi astiviod, veldbh presumable

death dom pates (very thi 0 : r S .
cfomer arb At R o G RPrsablRRRA dvert b PIREZR taytg poutatize
Diiete i\ crRRMsesahERPAlr %8s cABMA! kethedthtRgh thdabill® to act as a
conti nuous presence of this drug, the cell I's unable

t hapergne Horimisfaddadgprpisinge o) Rersister!, highdeyel siresh gomaratgs the “Severe
I f .GRP78: . ad. . strong.in tion. of ] d, .
R Bl o BROL L BEAR PR RY Gk Ry g9 Tuvicion
cefl protdire Synthdd 3244 FRRK -tnediatdtopliosphdyafieh ¢cipxdtlyatiog) dIMeanslation
i nduce CHOP protein levels in various cancer cel

| infjisgion dactey 3| alphiar (edF 2ot (thigk diwes)e djuder these condjtions, the protective

i ndi .he | ef o .

A5kF Bra58E R sl miEaSd thy eetvaiop,of, Ris-froplatisc GHOP and
ofubs@juestokiibiat{daxbf 40 a¢th GRnliddtes r(v@wtih(&oaﬁaﬂglﬁcb&l\/hmrk has
for 48 hours (CDL control, non-treated cells). Total

camanstiated glos dasingdieatmnng gk fwaoragedls avith [PMG, g “PesareBR Stress”
; v g S | _
oSt RNaptl 5yl Ao ERGEL b {0 e e SR e nutati

adragymrdrdediistrbssaniespiedelesatéd leveltsi of GRATY; dmsteadf stréves énduction of
C ol blots, is_shown ai .the bottom. The por type

SR HbEma aeflyatio o6 Crpate finiiale oot @HCHLWIE dies.

[0023] Figure 4 shows that ER stress indicators are

[0022] i nduckiguss Fishews thabGelomziband DG Snde §IHOP ppaigin levels in various
gl 5L, S VBRSPS B AR b v

tinmes, as indicated. Total cell |ysates were prepared
and anal yzed by Western blot with specific antibodies
to the ER stress proteins GRP78, CHOP, and caspase 4
(Casp 4). Actin was used as a | oading control.
Pro-casp 4 denotes the inactive caspase 4 pro enzyne,
whereas Cleaved Casp 4 is indicative of the activated
formof this enzyne; * refers to a faster-mgrating
band that is inconsistently observed in these Western
bl ots. [0024] Figure 5 shows that DMC and cel ecoxi b,
but not other coxibs or NSAIDs, induce calciumrelease
into the cytoplasm (A) U251 cells were treated wth

R AN o e o ARIANS AL P~



signal that is inconsistently observed with the GRP78
anti body. Al blots were processed in parallel, so

W bwB/1si9ghal intensity is directly conparabl e BCOHSRDSI@58323

different panels. Note that DMC is the nobst potent
stimul ant, whereas rofecoxib and val decoxi b are

PR PR Eeetod S S R aepd RERDTL BB G50 whp for
ced apid Canebradl; andtreAsliceRs. datatidelMilakPshtes were prepared and
glioblastoma cells were cultured in the presence of

Dvmalyzed| bycWestern blot aradysis withrspoeifiel apdbadics tarfdHORe As a control for
p [ Y /3. er nj

eE it Bl 1 e MG R S R ALY e of these
S56oritiol blats &f sheamhatdhidifott@ny The)tunoengestof @hétoeell line is indicated on
dependence after 15 hours of incubation. Bgr. refers

t Bedighbckgr ound signal that is inconsistently observed

with the ORP78 antibody. In (C, cells were treated

[0023]wi t h Biguwe M BMevs that IR piressandigators aiissimdueedosindlarip Nty DMC and

[0024]

[0025]

BAPTA- AM a . 78. GTA, bot h of i ch.are potent
her i’ 2L Ao oRieatty erd ot if Bl BiebGieggor 1 um
i ﬂlapﬁgaaginedTg) 8060 Bt DM U flvatibliSimabd, ¥s indlictddeThiaV cell lysates were
conpar abl e anong the different panels. [00271Fi gure

t
SProvaed hud andhereila Wesion bt varkopeaie eciortheERstress proteins

SGRB7G RO, B GRPREPRCAGRES AL YR 4 BplE fo B, Pro-casp 4
dddrioessehé irctigsScaspard Apbetytep ahareat Eleved Cagd 4 igindidative of the

and, cel | death were coqparatively anal yzed, As o .
castivats Jormg ef [his ergyien  delers et Tastsrmigiating gapdhpt irinconsistently

Wl Bl SERE: Wkl d Bigissol vent DMBO al one. (A) Cells
were treated mf%%ngo gr 50 pM DMC for 48 hours and the

Y [ ] i,val .,and [l d .
det or THERS 550 s PRE MG UL KA dcteit Bl o g BEORNRLDS. induce

ofaléFainabicase dtSieayfopldit. r@OULH 8 Wete Gohted YvifhODWIQ6r various
assay, where the absolute nunber of surviving cells

awsxdbs; ands pAIDs. @bl spngss inelntpcdhudinncatdnmsloypls were recorded as
det erm ned hed 0 | : :
Sabent S yelbn PP Ml SRead Bl AR, pic sptes of

peildiomnizdreate tHae vasnel cohsistbietlyd 8bselvasdr indragporise @at DRIQ or celecoxib

peri od. The panel bel ed % Apoptotic Cells presents .
tfﬁ@tra@?tczﬂf Q@@P WCL%W £ PO IEi5oBsS b Eo dack thgeol) to valdecoxib,

r d U e :
(Esler Myl Mobtaash, Skt OUlg, dofl e vaiscoc
| Sxrelvs imdicdth @énfeRoit pE dmg svlditoat OB CEHOBhoVvERREGveragd (mean £5SD)
easpase 4 at .the end of the 48 hour drug treatyrent is

OIS ngefhe B ARRER By AUBER WD VSAGF JEiES I foveral ropeats

spentid]l§ saiflariedile werasitd BbaRed 9dthafe LYE29 cell line.
2008/ 118991PCT/ US2008/ 058323 a | oading control. (B)

Cel | i & ' t ' . .
Co | A W L HECRBRSERLG ROyl 0ot
ceandlt hMGa sURE R glicis astownh kel hwereatultuebdah hhdpideSehck iof DMIC) celecoxib,

Cells were treated with DMC or vari COX| and .
(P PoREY ISR a\% theggotesleyels 9§ %1 aati E@{P@ rgere determined
Wedfembidt aﬁwbrciryrs%y ISHoVAl ardR8) ﬁh;ite kB gt 9b hic\]/l ‘gf;ﬁ% drug, and (B)

conventi onal assay (control, non-treate
vwenecrgationtdepObice MG BS days efemeulpmiohoBgedrefars to a background
96-wel |l plates with the use of 3.0-8.0 x 103 cel |l s per
wel | as described in detail”elsewhere (34). In
paral l el, the expression |evels of CHOP and GRP78
protein were determ ned by Western bl ot anal ysis. Note
that DMC is the nost potent drug, celecoxib is
substantially weaker, and none of the other coxibs or
traditional NSAIDs are active under these conditions.
100281Fi gure 9 shows that the knock-down of GRP78
enhances, whereas knock-down of Caspase 4 reduces,

cell killing by celecoxib and DMC. U251 gl i obl ast oma
cells were transiently transfected with si-RNA

e o, P — . s P S



[ 00301Fi gure 11 shows that DMC, but not rofecoxib,
inhibits tunmor growh in vivo. Nude mce were

WO pqeBarsved subcut aneously with U37 gli obl ast oneCTES1088/058323

(00267 "

[0027]

Once pal pabl e tunors had forned, the aninmals received
dai l'y chow suppl emented with DMC, rofecoxib, or no

e 1B dRe Gt | e D e iy GRS g blots were

%@U@ss&d‘nﬁﬁaral&‘fts%rthﬁ@gdaf m)tensﬂf iOdirdedr %ﬁijﬁaﬁ‘a@l@ dnfdngAREl different

treated animals on day 42. [0031] Figure 12 shows
tml%meetb@hDMC tscthe enst poteratrﬂnmmtr wb@re@s rofecoxib and valdecoxib

%g%pacg% {ecg Yial . Cell growth and survival
vari ou oma cell lines was determ ned by

i ncr ZE E‘gféil{?aft qugﬁggtg}nc u% éﬁ@g’r qrglzéﬁfggr AL E:(t%;celecomb
cgleonid an( Bes Qlicify) 1B52 %‘zio Siawla- Rl %EB( th pfgé@)the presence

For conparison purposes to t novvn anti -
nyfe DdE, eflé@cxils rofechxibs ez orlaicbg:omhearﬁ%helmmn fenels pf €HOP and

HERET T onserm e o R mIIn: pisliste SPANRCE: Gk I Teetics at 50

Sﬁ]f(@@tseachj%ﬁg afd (BPEARLANRI Bl pendMBES a et 1SURSRH Bpfnc’&)ﬂatlon Bgr.
hours in th presence of increasi ng concent rati ons of

(mferpby & éz@m@tbld(mm th@t 15( @yomnﬂyoxbauve@ with| the §iRdY8 antibody.

V\%l E@i’ qU| %V%Ide %\/\g M n]a agbzlge%{fgél}%g?cg‘t ellb\k/%gr(ljceeof 20 uM
UBATTASAM Ab0l78enMATGTA) bOtEbﬁWhﬁfﬂFhIé senaitetdriof Ca>". All blots

| nactive_caspase 4 WD 2008/ 118991PCT/ U82008/ 058323
e Wegh BFassgsed |l powlick g8 fbaf signal wdensityis dirgetlyt pemparable

he enzynme. For conparison purposes,
%+@%§gg¢&§m&%ﬁg 10 nM bortezom b were anal yzed

ts Ihgte ﬂéﬁ'regﬁﬁﬁws t{ﬁlﬁ %L{H ?lplﬁg Mﬁ@dﬁégﬁ%ﬁgﬁ) gtleg] glith increased

p&[p%léﬁisfé%d'r@d&@ﬂ e %o FAviah ah@ 3@t at e 35 1t Nesbldstbma cells were treated
DMC-treated cells. te that in the caspase 4 blo

ots
switkrdiffersoh dsymsc iahil cvasiauk gravumetens apid selhvegrewtb sed v:@l:l death were

PR s RIS Sl o 0 o v

t theatadseith fthey eolvai HMBOt dlohes (AN Qklls heynireast with RvadsHd SoOAM DMC
to the literature. [0033] Figure 14 shows that

cler de denrs @ﬁéhmtiﬁéﬁ RRSE gg}vﬁmswm apd op @ﬁll alﬁ@rhc%rrﬁ determined
(B2l BT RSl SO bl QU g o

adodorsy ﬁ]mmngﬁassmbwhme |t1m1abs©llh)te RhobenvL swgtvageheells able to spawn a

deicti t.he effects of conbin ru rea '
%ﬁ%ﬁ%ﬁﬁowqeﬁs a‘fa@é%etea@nwﬁuifg a?n% 15@'1{35 %?ﬁ@ {frowth and

3@951@5?&!%% N Ere3QIE HADRVEIRNANQWT astBs feHBRhdd ﬁttthé’ €nd of the 48-

anal ysis of conbination drug effects.” LN229 cells were
thomat dig wiredtmentu gsriad a’bgvmnbbrlal&,le@ﬂ Apeptdc Hoallsspresents the

g0 LA R YT, BB P L e

SR §BdruaRftafnfiy BowitRe RS SERIL ad é&%r&éxoh h&R®s of the ER stress
i ndependent experinments. Shown is the nunber of viable
&ERqP%ﬁddtCﬂ

cl@dllc@tOtmGHDPe wasq fesdtheseyd 0( @)e 33300 é@glt@atment is

B4y BB L B SHREE bR e

by ceII deat h ELI SA (shown as nean percent; n=4; SD).
(D) LN229 cells were treatedd with drugs for 48 hours
and the nunber of long-termsurviving cells that were
able to spawn a col ony was determ ned two weeks
thereafter (colony formation assay). Shown is the
percentage (nmean SD) of surviving cells from
triplicate experinents. The nunber of col onies

obt ai ned from non-drug treated controls was set at
100% In A-D, the follow ng drug concentrati ons were
used: LN229: 5 nMBZM 60 [111/1 CXB, 40 1.1M DMC
U251 10 nM BZM 50 CXB or 30 1. 1 MDI\/C UB7MG 5 nM

~r—- A PNR AN N L - ' e



[ 0035] Fi gure 16 shows that knock-down of GRP78
enhances cell killing by conbination drug treatnent.

wWaR®s/18991 s were transiently transfected w t h BCFRSM08/058323

[0028]

directed at GRP78 (si-GRP78). As a control, an si RNA
target ed at green fluorescent protei n (si-GP) was

A h t. f ect :

o8 FhineYopliBY TPLLolE BreROle i i OB R BBy pf gitferent drugs

(R%MIB }mfé;la@ atllivitdd) a8d tEle deadh vl Intk@ed xiith theXB) desth HLISA kit.
In parall eI transfected control cultures

r@erlé%Wﬁtﬁ pafed titha DA tOT ofariope gxibR anditraditinppl, BRAIDs for 48
(RO 408,30 LRI oy 3B SRR peniona
cMTahysshy (dontrgl, ateﬁamated\ceﬂs tiege sour $@0%Y. MPT hésa@@)ﬁ&:re performed

Sho t.he pe nt ag vivishg.cells able to

Bodrial RIan v it s ties Aokt ar |G oS insh el s deseribed in detai
n \e n S
réé‘??te?% OO BrraRAn e EORSSaHRCIERAL of THOP fhd ORPTS protein were
sieBRRiBed naWaheot bldt vl wis I\thej‘g]pat D4 éthe most potent drug, celecoxib

SR U ORI T

Sﬁﬁ[éi-ﬁiegé @dhdgfonts_he transfect ed SI RNAs, Western bl ot

anal ysi s of GRP78 expression was perfor med from

si GF f

tr eafgghﬂp? Sﬁ? ﬁgql}azggeef‘%l ve dr ugfzéﬁ%)ﬁggrﬁféﬁ%?e%%ﬁ%%f) ck-down
t dfe€asphbeot sedveesg qilokilagebly aaldcoi&b'ehd)ﬁmc U251 glioblastoma cells

itv%”e't%?l?g%ﬁﬂi'tr%m ot A U Pisg ot QNSRS (51-CUDRD op gaspase 4
f .
scaiRiy t%d?ﬂ%l LAGRR] Bffetedtat ,%f“fb;?‘ ﬂhgo&géfgrg YrofelH &}-GFP) was

otein none ess were consi ste in ea
ctmedt (A)oBevastyetwopbowsl after trimsfertibohparglla anttiek veet lnsated with 40

AR aS 6] ErBobk MBS s Bt poRP78/5-GFP, or with 60 M

CoRe i 4@{11\/9]}?«1@&11 ﬁ@c‘cﬁséjéﬂﬁ—mg) Q/SLEFP; i all Ms$ances, control cultures
experiment to enable the detection of ‘further enhanced

cieF¢iveibnn Arugyiresirrpet of trspimecat withtsoleobddYISOg @ame1 After 48 hours of

4]’8%5 éa@lﬁg tD% ?@n Glere ?8&6\%%1()%(? tﬁ' %Iacﬁgﬁ Sof Ogurvwmlg cells was
ssang. apopto VIV, TURor - bear |

t depdtiv@gbdiby reolonyyfdegino aisaza nSIEvﬁBZ'Mtheapétcgnt@dTDf kgrviving cells

DMC i ndi vi dual Ify or .in conbination, or renmai ned
Urtheesathe aumper efjcolrnigssindgy aan-diug dreated ﬁan@tlwet‘@as set to 100%). The

Sp’"%lhéiq Qwragmtoﬁ%a'téj @&E&&ﬂ? éﬁ% Efﬁen%es in _survival between

i‘mmunohi st ochem cal stal ni ng
|cre:ﬁs cadeoing sirGRY 78 abEkortegd cstRNAl (si-GiH), _caatl dje)weeﬁA:)eIE' hezeiving si-

panel s show tunor tissue inedq with .
a Spﬁtoetde%omraﬁa I%ﬁé FrsheRtyela H%fvtoé’ﬁﬂgf_@&f%ﬁé‘é@e“ of the
(i RN Lt wedsiBy Bl'@? aBABsis of Qﬁé %Eéte}%})te‘ﬁ{s (A8 peAtEned. Note that the

sections. The bottonipanel's di Splay TUNEL Stal ni ng;
flack-dbwotof TRNAS- 1pasdsite incecased les'elarOéGHQl? petei, asysxpected from the

The er TUNEL - osit' elds (as .

e R B bretr oo AN Rlind ) i BREL A TORE Gafist T sirva
tehdd amd@dguyat@tt@ﬁeggdﬁ(ﬁmama Gafpasd dbetsREd @Rfefectable), but does
treat ment grou resented as nean SD.

swoh affeet; tbemdyc o1y GRé’agtm mspersedn celecorib on OMEt anexpgeted from
t t
&Hgﬁgsﬁgg%mgﬁﬁtsﬁgé}g‘cé{%ﬁg {gtgwngﬁ%ﬁ% S‘PﬁR%‘?é“BtgHSﬁA
[0037]F|gure 18 shows the sYnergistic effect between
Tenozol om de (TMZ), the standard of treatnent for
gl iomas, and the non-coxi b eel ecoxi b anal ogue,
2, 5-di met hyl cel ecoxib (DMC) that acts via aggravated
ER Stress. The results show enhanced cell killing of
tunor - associ ated brain endothelial cells (TuBEC) that
were treated with a conbination of TMZ (300 uM and 20
uM DMC for 48 hours. After drug treatnment the cells
were i ncubated for another 12 days in the absence of
drug in order to deterntne the|r Iong terntsurV|vaI

o, 1. i M T T o o T 1



[0039] As set forth in the summary, the present
invention is based on the unexpected discovery of a

Wm20888189at egy for using the ER-stress responsePCT/US2008/058323

[0029]

mechani smto i nduce apoptosis. In accordance with the
strategy of the present invention, enbodi nents of the

presept inyention |de t-hod nd tools for .

oot oigneF 1 Shine e BV nd BHERTy. B pi Siher wisuplpte BR stres
| fR¢Botsk OB rHYH@eR @ NAMos! @l &f BHReNDINIRIcARSIBE | frere implanted
conpounds capabl e of nodul ati ng endopl asm ¢ reticul um

stubsyignequsky) witl BiS 7 ighgblostomasels: d¥ics tyroetsihad eeachgd & wolume of 500
OB, B BRI DU BYRGRS 05R58 g orno e o

- V36 tidhisg aheshafier, AMldsia g ele Nesre Ssacifiedon@ theihfigors analyzed by

[0030]

[0031]

[0032]

conmpounds are characterized by high bioavailability
(imaypphiviechemacabrigining faxi GHOT nreteine as wsellcastby, TERE Lssay for cell
aﬁe@ﬂ Iy I <-a ber ¢30B | t

c em%@i)?cgsgsgu]%{f@ pg%%%t S %gr%%élnﬁfancedp ;}rn&tg ][e\t{:%rggc}rel?ﬁ a[ﬁgl&r gedangles
efdnett enldiped apeust of tivetdnod phatographli shgwh oinsthsemaklje pirsels). Right
of the sent _inventjon are ai reating cancer ,
aEaI‘SPSF edl 5&@ FRLFQWS Inigate cxamples ﬁiﬁﬁ%ﬁaﬁ%ﬁéﬁsmmﬂm cells).
Cehd SntirdRtpéiiterd SvARRbAAL {Rhahdre£ANCELS: d f drugs (includi

[ 0040] KI t hgughe not i n#endi ng to rgeﬁlﬁlcmﬂt%{edosﬁ%esa%y rugs (including
peal¢cosib) for I0Hwars(sceaMateriefs &iMaboeds).ond simildreesiRs sterestgained. In
rﬁf%)onse mschfagi sm i.s%$r ovj ded herein to facilitate a

£ YASEh CHEBRIEY & STHART EE 8% g of the strategy of the
present invention. Mdel of ER- Stress Rgﬁigpnse

1004 1Higwre 13 sheys dkati PMCethut gpt refeepgb i tyraepgipsdh in vivo.
T . :

e Thgaran By aid saRtydleoay SMLVPT REUIRRe kP GhPE patpabe

fumots did founbd,athcaanmmld atdedvedoaily fohbde dupl@haitad ,with DMC,

lipid or glycolipid i nbal ances, or. changes _ in the .
isfhct B qhinb e, dfimon eV AL TREED 85 B Ay, Shown is the

r Q6k28%eard BSDP birAGH Wo1RHE BOSRK Phod @=5PR dt&isk® (**): p<.01 between
al l eviate stressful disturbance and restore propér ER

hesmirobanaklPNIC-reated amimalsrontday 42ase of intense or
persi stent ER stress, these pathways will trigger

pr ogr g 1Z ehdwylthat béraomiln vekcoXibeartfl DME ralbé ghHbdblastoma cell
pro-survival regulators of the ESR is

giundydle Gellguipwiheandsupteal of yariquspatiphlasioma colidingh, wag determined by
: I . : ; ‘ | i
TR 0 UE S Ty UL 8508 RASENE L oionsof (1
Ga2tezdnibd{BKV), a8 detecoxibt(CHB)L ng (Che,5adiiettai-celac@fib (DMC). For
PSS AR B Bpby B sl boraomit,
tmﬂﬁi@ﬂuﬁgﬂé AGEBMma K140 O3k IkBaRA E’HA*JSZOOS/ 058323

(CHOP/ GADD153) and caspase 4 are critical executioners

ft ' f .9).
bou RO AR CAET BB SR s g s v

siliobBstones Rells eweren ctilhiesd f fa@ule, hbwp- irf othbopiesdnce of increasing
al i gnnment c&g&ssponds o _the duration of stress (9)

TRECHR R iDgHETIRG (BYdir & B PNFolpiahcell lysates were analyzed
lH;:WeEt‘Bﬁf bﬁ)’f%iﬂlcﬁé%ﬁﬂ}fc%tibgdi%% (6uitAC RIFEE CH A, Und caspase 4.
-apoptotic (apoptosis) or anti-apoptotic (survival

eddtec wasnusetieasc el loadifigecadml.e Pet-cdshel ldendtesntlod indvéive caspase 4
figure signifies the intricate bal ance between these

two types of signals. In adlearly phase of the stress
response, translational attenuation occurs to reduce

the load of ER stress. In the next phase, several

groups of genes are transcriptionally induced for

| ongterm adaptation to ER stress. New synthesis of
stress-induced proteins escapes fromthe general

transl ational attenuation. To cope with the unfol ded
proteins in the ER, ER chaperones are first induced to
refold themand if this response is inadequate, ER

associ at ed degradati on (BRAD) conponents are then

a o . g . — Y Y 1



WO 2008/ 118991PCT/ US2008/ 058323 conditi ons of no ER
stress. Under typical |ow ER stress conditions GRP78
W0 2008sm9essed in the cells at |evels that are RGRUSMD$/Y58323
greater than two tinmes its occurrence in normal cells
whil e the corresponding | evel s of CHOP are not
sufficient ate ap
BB RIS ! SRR PSR P00 dcu i Tires the enmyme.

| RYefEnhitisol BerposasetdlisafeatddFitian e nuvn@bﬁ@mﬁb toerd @Hﬁirz%d side-by-
sufficient to overcone the protective effects of

ctide & Pddditiegtedogls én 68), mng rtlead the mgumtrpfalblqmtmatlon is much
CoRel %ﬂe%le fm%%‘ft%&&m%t (ﬁa?e%l ad em' lﬂMd %ég&i‘ cé’l 5. Note that in the

apopt sence the provided conpoun

t tedpadest bl@tsaimlverat ﬁom-ﬁpdclf&t BackRrosihd Qﬁﬁdmdrel crbdewed (con51stent with

apopt os i n any e of eI I's, sinply serve as
sflfrélﬂf Pia%%rvayp%%ws ¢ the sa%eﬁ&ngwsaﬁg@ wgtlﬁ?ﬁgvvtthéhe use of
E%&'ﬁ &k ﬁb%kl'l )Q}?}H c@fhg c?hg@ﬁi{e 1itEra hgé!\’ ER stress.

e provide

ThIS ure 0 conmpounds enabl es

their ablllt tosrve as [l rated potenti .

100331 . JFRirt d el SR Gt md DR BhftreDRGAD ition and cen
PAdao B¢ NdsieSorhiby ot}ﬁesla@tahia&eunh@s Stét Qrcafed! ®ith BRrtezomib (BZM),
stress that can benefit fromthe induction of

erdpnos sl CXB). oudMEalone anthinscogibingiiono A eRhaemiaregraplsydepicting

i B SR e

I @éamamc Repfesegc&tﬁﬁerse&&nﬁ Qéd shooym, gl?ﬁ??hhltﬂﬂﬂveﬁaﬂaWSisai_f combination
t e recogni ze | nown

r%ggreg‘ggtg &13%%9 ?f‘éltsé?Yﬂfg? gﬁat%%%/tg Si 8PP fs%ér%saéé 4ghours. Cell

tHHPi'ht)I has ﬁeﬁén]pﬁ{@fl %g t{’ﬁﬁﬁttﬁﬁﬁ EXoludiEb&afl Bhe/ §lsaftPwere performed

known “poi nts of attackin the ER stress” response
pmth Waplicate saompbasyiaubresiits arﬁaf;prqmematmeoﬁthm:léeﬁendent experiments.

abl e.thera Legi s. [ 00451For,. ex e
DS AR R of iR BB indef Prdpetiun a8 © usiva
r QIRMSE chifurbd Bori 24Nk inQRe Bfesét@ of drugs as indicated, and the extent of
sar copl asm dendopl asmi ¢ reticul um Ca2+- ATPase ( SERCA

RCA) ,
aeell drattnwies determingd iy ceHledentuBEI ¥h £Showmaks mkan percent; n=4; +SD).

S DR TR PO ABMESERgEFpons e

reirEiaig @fls daR wardbble th epHyit @RbRaMvARM @Mt the Wé’eks thereafter

actjvation of severe ER stress, |eading to_apaptosi

Acolont éWT%aéWBrﬂﬁi’rﬂ}’) rHioBiis the prrcentaneAmean &SB) of survwmg cells from
€

GFHIEEh-ARAS, B LIRSS, DI SGRBRLENLE LASSAR AL conco

t ¥y sepwt 160, IrnAt]?;\nthe folidsmngmbug pmtcemratfé[ﬁR@Aere used LN229: 5 nM

AT A A P e

LOxNact ¥ M@Zl\? gﬁ&kmé Abjelibit Yndicald® that &he difference
2008/ 118991PCT 05832 0046] Anot her compoun

t bestveamamdvaduradi dtug treatmeﬂﬁmm qomhlmatlourdrug tichimentst was statistically
| nf arrmatfor t&vtﬁ) gel ecoxib (Celebrex(r)) which is an
ehlyistegiic c12ddxygenases- 2 ( COX- 2) (Dannenberg AJ

and Subbar amai ah, K, Cancer Cell 2003:4:431)
[0034] | ong-Kignrs 3 shayrs thahedeqoxth md BMC ﬁalgans%éﬁrqgmre@a Of ald’lcators of

R s R S T A R T s
(Vioxx(r)) (Funk, CD and Fitzgerald, GA, Journal of
Car di ovascul ar Pharnacologﬁlzoo7 50: 470). Mbreover,

it is generally believed that the biochem ca
nmechani sm underlying the anti cancer activities of
COX-2 inhibitors (coxibs) and other NSAIDs are through
the inhibition of cycl ooxygenase (COX) enzynes, which
catalyze the initial step in prostaglandin synthesis
(10). The fact that celecoxib is a nmenber of the COX-2
speci fic inhibitors known as coxi bs | eaves open the
possibility that its anticancer activity can be al so
I|nked to CCM—Z |nh|b|t|on [0047]|n several recent

o, o, " g, I T 1



100481Surprisingly, in a series of reports, it was
found that celecoxib can still exert potent
W@ eoBAmIel i ferati ve and pro-apoptotic effects PCI/USRS08/058323
absence of any apparent involvenent of COX-2 (ref. 17
- 23). Wile these observations suggest that cel ecoxib

may,., have a s a ndent, of whi

e Y Seds S DARE bt RS ta T BT AVER it 8138 lim pme
quﬁauauls}gom Rafibstiva Sasnididardefdrt 2P houtsOOFMI TS lysates were
inventors of the present invention have undertaken

eaerpﬁéﬂedé)art Wemt@nsblgwﬂh [speciiig rithwdicsde Ke 7S CAIQP Ivasnase-3 (Casp-

D S N R R G e S

Eﬁidﬁiateds Skdtlﬁswmla&dpast Avieyding €ontfé). Pro-caspase denotes the full-length
2008/ 118991PCT/ US2008/ 058323 Moreover, it was found
t ﬂa%cw%?aép%pg?e@t’%%twas &IFAVe ERSEATSF reRisssabibe setivated forms

%&E?Hle& PRt gd’t]fvn %?'leﬁdwﬁgﬁgteﬁ%@ﬁ iftPthe use of an

bot tro and Ivo (see supporting
emﬂﬁmdyrenhms sgemtﬁdaéhya)recoghmdmouglﬁ NBasiberdated kovo\irhr 83/er185 (p-

ahl tiyul ate E ess respon [

c Bk LRl e Diaise STV heis o b pibody dipsspots with all
t K B6AsUsr¥deyigl GRP78 and the proapoptotic CHOP

proteins, apparently, the effect of celecoxib resulted

inin S { o.el e
00351 CEGISE. [ 3005 mabh iyl SYCI P SR o g b
GRittnativn dingi wedtnhent. aUR5 v atadld wasp@agichtlgnehnsfeoredt with si-RNA

brected, ot GBPIR @iy 88 il iy SRNA ngers o o dluoreseent
E]{)}'g%emwg%}%%ﬁssﬁﬁhogf%veﬁﬂﬁtvﬂﬁ%mg %ﬁﬁﬁﬁhns?&?igh 11 Bifel cultures

alr protei’'n synthesis in the ER
uwverd tneatel witht heM Ehom‘:Z(ﬁEIRC(BZM}S cambmd omyhneftber 25 uM celecoxib

SPERPOEST EvhriMEatn L i) il spsized no drug

gﬂgiaﬁlg@nxg@r gﬁ%ﬂﬁéﬂgﬁn& :ﬂ%ﬁsyzﬂgﬁ% g?‘iﬁéﬂ Y8 hours, the drugs were
removed and the fraction of surviving cells was determined by colony forming assays
over the course of 12-14 days. Shown is the percentage of surviving cells able to spawn
a colony (where the number of colonies under non-drug treated conditions was set to
100%). The reduction in colony numbers in drug-treated siGRP78-transfected versus
drug-treated siGFP-transfected cells was statistically significant (p<.002). (B} In order
to verify the effectiveness and specificity of the transfected si-RNAs, Western blot
analysis of GRP78 expression was performed from siGFP-transfected and from
siGRP78-transfected cells treated with the respective drugs in parallel. Both of these
blots were processed and developed simultaneously, and therefore can be directly
compared side-by-side. Although the down-regulation of GRP78 by its siRNA was not
100% effective, the levels of this protein nonetheless were consistently lowered in each

condition as compared to the matching control cells transfected with siGFP. Of note,

12



[ 0052] As used herein, the term"COX-2" refers to
cycl ooxygenase-2, al so known as pro

WQ gl m9di n- endoper oxi dase 2 (prostagl andi n G RCT/US2008/058323
synt hase and cycl ooxygenase) [0053] As used herein, the
term"CHOP" refers to CCAAT/ enhancer binding protein

h tr N le r owt
PIBUPIENE LAEOTARAL PRl Py 50 B RBERD o cnaic e
[ 085AioADf faEiehr bﬁlﬁ@icéﬂ cdlhdeathypsiRN A Regb4tRR AL,
aggravating agent” refers to an agent that is capable

[0036] Of | nﬂi@%@ﬂﬁﬁhﬁ&g{hﬁy @M@gerﬁlaﬁéé'se@tﬁte!z&nﬁ& ef@@c&rkﬁf ER stress and
directl’y or indirectly. The constitution of such
agmpltosmsmn‘avo p’ﬁmnoneluﬂaang ynlbe mere ticated svithaly nr@kg: h@ﬂnzomlb (BZM)

i 4 S Bl PG A R bR S et gt ity hours
I jafer! 8@ A@AR!Were BAGHIEAN MndCHRMufidks AT TR YmMARbMESchemical

ceIIuIar sEggalln nol ecul es, gtOtOXIC agents,
t ixining, fop CRIPREER e dicetos) obby TRBYEN i(apopéasis indicetos). (A) The

| Bpbl B SRS LS SN LLANTHRSp WOBKERL UhBe migate pancls
envi ronrren <ich ypoxi a ow pH, $hortag
nsHofw enfasged n@yast (m@igabd Byt ther @84l rec¥dgles) of the same sections. The
2008/ 11899 PCT/ US2008/ 058323 [ 0055] As used herein,, the

tpm pl?a& ugsrlags EPAELo Sﬁmﬂ%r Arafedy oglesta T NBL Pasitiue cells are

(ﬁ&m&gaedv@g aﬁo&@e(magg@go]ef@hﬁ ¢ Tl?NELtﬂ?)‘éﬁlv'e [kg?l% 48 ifficated by

m ni el tivity hereln

" md dish-dpyo'wro staing y\mrc@tesrmxmdemmn trédndoefly rchd)smndniag)scopic fields from
co |nat|ons wher e .t he | t ant (of0) i c effect
| AR AT S PRt srongro T SCO LY SR difforences

t etha ket bY nﬁtflortd%ﬁ RethISerie@ind R4l dH@lcbMbldatiSa dbfpetreatments
conmbination is greater than the sumof its parts).

[ o0 Frligatedisdhi ¢heriei n, t he nonencl ature al kyl, al koxy,
carbonyl, etc. is used as is general ly under st ood by
[0037] t hoseFigims KI8l khgws the symetgistic effect between Temozolomide (TMZ), the

standard of treatment for gliomas, and the non-coxib celecoxib analogue, 2,5-dimethyl-
celecoxib (DMC) that acts via aggravated ER Stress. The results show enhanced cell
killing of tumor-associated brain endothelial cells (TUBEC) that were treated with a
combination of TMZ (300 uM) and 20 uM DMC for 48 hours. After drug treatment the
cells were incubated for another 12 days in the absence of drug,in order to determine
their long-term survival; at that time cytotoxicity was evaluated using the trypan blue

exclusion technique. Results are presented as number of viable cells per group.

[0038] Figure 19 shows the relative ability of three related derivatives in accordance
with embodiments of the present invention to induce apoptosis in human glioblastoma

cells. The most potent compound was the 2,5-ditrifluoromethyl derivative (DTF3C)..
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[ 0058] As used in this specification, alkyl groups can
i ncl ude straight-chai ned, branched and cyclic al kyl

WO 20088981 cont ai ni ng up to about 20 carbons, OPCT/US2OL@E8323
carbons, and are straight or branched. Exenplary al kyl
groups herein include but are not limted to, nethyl,

et hyl, propyl, but yl ,
sec-butyl, tert- bW%@WMemyl
tert-pent nd i sohexyl. As used herein, Iomer al k
[0039] | ef er %g%r@bw R AN, thE PresephinysRiian i o @nexpected

%mﬁ’éﬁ’s 8P oy S? 3Rl (G DUPE e, PR Ge Pl mPE IR Jo induce

aalxmtd;e; dulstdrdance avithrtbe stratagyr ef the pescednnaméonrentmdenents of the
carbons.w th substi.tuent el ected.fr
BRSIE: G aretdearigodiaeig| ol | @R, frlameBing the strategy.

Spdeffidagyye rtH@ YﬁIe%nt afn‘:(rlentldiﬁ' ﬁ?ovﬁé’sd rPXbw TR0 of CYRMDtherapeutic
oxo, thio, alkox , carboxy, carboxam do,

p¢ﬂ§@mh1@d§/ Icaqu&fogig mndaﬂaismg pidapigmientedoulugy stmm(ESR) that induces

&)z)?f)to% (;i(a)l;l] %‘éa%h Igl\rregﬁ:g?%fgragg% { aclfi %u%smcetng canger cells. These
heinefovatl® HBO 111Hib1¢ ellilhaﬂ nvesit diasRid genesks, a&d a&gm@en&lsﬁ Moreover,
7. 8 or 9 heteroaton1subst|tuents Sui. t

Hbe e @aRoNEds ﬁacaa@c'ﬁm@do@éhlghméﬂabﬂsm (ms#udamﬁjthe CNS), exhibit

pﬂm PRAUAYS -cah O %%héﬁmgé&q BEAS! N ﬁ1¥¢§?' Qealéax{bmedews standard
a nono-’ orf nulticyclic ring”’sys in cer

eaﬁemzbltl'mlieatlof agentso a0 enhaived amtma:ﬂcerl affedther Therapeutlc methods

enbodi. nents of 6. carbon atons, The rin st ens

ofcce chPcF‘B%‘P R%Hecﬁr‘lfu‘ge rPé‘iFe’E:temé’S‘iﬂ%‘s%fB %‘Pe% &k TP?“H@ gAncer as a

t l‘I\FinQ Entff? rrﬁ)t 'élé RYsI1MbE Bf BRYraRecdiQ] eﬁﬁqnéyolgeeﬁﬂf)ﬁEd tdalPcancers.

fused, or splro connect ed’ fashi‘on,
oo 208 T SR SORT R8st

gh@lElzG SIEE0 tr@dpfﬁhﬁ’egmécﬂmﬂisﬁl Islcprd\ﬁdé@l héeth &t ﬁtﬁililtatéi fuB [Qﬁid complete
inthis specification, aryl groups are aryl radicals
vderstangdined aestratagy of dhepiresedt BWeRHWrs, in certain
enbodi nents, 1, 2, 3 or 4 heteroatonms. An aryl group
Wﬂe@fﬁﬁﬁﬁ%b&ww substituted one or nore times,
in certain enbodiments, 1 to 3 or 4 times with an aryl
[0041] gr ouplher emddpdmanc abtkqdlurgr(dﬁm gtreds irespoaye KBSR) sondistsed a set of

t o, ot her C al k Sui tabl e ar

BB PP That (a0 e s HEEredh W isaTHS PR 0P of normal ER
'ﬁﬁl&ﬁﬁlo lsl)’dh’ aspeiéfzhlﬁiﬂatmlmﬂf ﬁﬁ’ﬁbhdedgﬂbt%ﬁﬂél lipidYdr! g'l@'cgl/i*)rd imbalances, or
thiazol yl and furyl groups uped i

shengesiin shd onic eonditiogs iof thtdER hederaéset &% @) doureviesvsp0 The primary

atoms tgfﬂbeﬁ%g&nc udg% %6%?&2;19}%%%?”%{;%&%3’ proper ER

Qﬁimd&QMﬁs HMRveREr, DI castsTtinfelRMNr peitit@ft m@stfevss) fi]hésB ?athways will
gr.oup conS|st|ng of hydrogen, alkyl, ally!,

drigganyarogramped qellt @a@éwptowh Poe o theerntrab pwrvwah@gulators of

g}{g E%)fﬁyls r@hlc((?sé)/l‘e%lﬁgtgh gﬁ%’te 2@1&?}]’7 2)(\/)7\51}1](%1 h%sxgmporpaht roles in

tﬁﬁd)tem fldivih tand casseanblly | i th.rgéiﬁlg| rhfsﬁﬂdedibkﬂélﬁ Ubf @Bgﬂa&atlon in ER

aryl sul fonate, phosphor phosphonat e, phosphonam do,

aG?d -Bipdingngnd maqﬁ)atrf)ﬁm ﬁ%@ a%wa%m%trmﬁanemb@n? ERptiesgsensors (7).
C&Hf@ﬁdﬁdoﬁJ@A@[T a%cérlﬁﬁﬁpé g?&ﬁm Hd?ﬁéngc}dggwanscnpnon factor

car ocyc heterocyc ary et eroar

10062] As used herein, al keh§l and allcynyl carbon

chains, if not specifled contain from2 to 20

carbons, or 2 to 16 carbons, and are straight or

branched. Al kenyl carbon chains of from2 to 20

carbons, in certain enbodi ments, contain 1 to 8 double

bonds, and the al kenyl carbon chains of 2 to 16

carbons, in certain enbodi nents, contain 1 to 5 double

bonds. Al kynyl carbon chains of from2 to 20 carbons,

in certain enbodi ments, contain 1 to 8 triple bonds,

and the alkynyl car bon chalns of 2 to 16 carbons in

. . T A a -



WO 2008/ 118991PCT/ US2008/ 058323 but are not limted
to, furyl, imdazolyl, pyrrolidinyl, pyrimdinyl,

W@ 2089yl , thienyl, pyridyl, pyrrolyl, PCT/US2008/058323

[0042]

[0043]

N- et hyl pyrrol yl, quinolinyl and isoquinolinyl.
[ 0064] As used herein, "heterocyclyl" refers to a

' mul,ticycli,c non-aromati.c ring.system in
CRATGUADRR R B s YR S D SNl ndrs B 4 B HBoplofle arm of
ebESR@NY).of 4 to 7 menbers, in a further enbodi ment

of 5to 6 nenbers, where one or nobre, in certain

enbody ; s i@ i ' S _
0o PR 3 dertafs d 81 AAEmBUOTE B sholf isbBfheo A Ui figure, top
ctaripdtom alngrimeht ogrréspondsoto the miutation tod stragst (9pgdhe dbbfyrgetrsignaling

or sulfur. In di nepts where the heterogaton(s .
peBRe e B RgE T EIEH! (ARG & PRRATEY BV a pro-apoptoti
S(&?%tb&ibﬁt &%Wl-dpeﬁt%kilﬁ Ydurvidhtk 8fi¥dt.ondh& Y& | The¥dchle at the bottom of the
het eroaryl, aralkyl, heteroaral kyl, cycloal kyl,

hbguse signefiiesl the dyteicatalUaldnat kytweeh dhese supdypesadiksipnals. In an early
e of UM e By H bbb ey T Fod T 1ka or B

SRS 1R thoasex@ BEME, scrsRIBloapy of8dRE hftinSci@iitidnBBy induced for long-
Present Invention 1. Methods for _ inducing or

g adantatinn tothRo sieesp. New senthesis efistress-indpepganrotgisgeenpes from the
[ 3 , t.he_pr ' i o

000 oo b BRRRGH, SRISAE T WOUERY BBy g g B, R
achapérohes emedfipt dsduced netrefold titang BRI if Qhik riegi@@ke is inadequate, ER

apoptosis. [0066] t forth above, pethods accordi ng
t%smtgé E%é&ﬂoaf(é?@%wmmmﬁ AeRen BugidiopAgupate the unfolded
gﬁl}?%eﬂisrc’opy%rﬂoctem e PR, h:}qgﬁtlry'w Rhe L0 Ehb A% R 8 ach import,

Iclent intensity an ation, the proapoptotic
eflfiathionsf bipfmttelsisy and dxidatpmepwicotionm ireCHIGPingutdd. To elicit immune

overtake the.protectiyve fect of 7 eadi ng to.

s rud ABaPLEE sEE Bk o%iu B SRR fanidif sovere ER
Cs%%_@ﬁ%@mﬁtioﬁsh 951@@% the Odﬁébfdsisnﬁgﬁélﬁlgcﬁithw&ﬁ ﬁﬂ;o@ét%{eﬁ; including
It is also based on the discovery that there exist

ageetioncelp AFI@P oinds pestiatior adf] ¢-Jum dNrédrminadrkinasgr G0 ikipse) and

RS uRgE B S L PSSP 80 s g e e
[K0OddnSneavdlisiablivg afd floptosRdighatindi ments in

accordance with this aspect of the present invention

gen_erlﬁ?hye 8 GIRNaRS thd thred s@gnt@snsl&f-mi RPEQI |6 BRRRss, low ER
activity selectively in said cell wthout inhibiting
GOksLamslcteivenet BR. stierd. Zhe peésentiny enfionhiesentps esghals, ofmpounds and

CHOP in said. cell erein, the comiinati on .
g o Rg v ichae capt s T yupisEapBRTF Ay teppsTs thatareina stat of
a¥f’ RYEl BR 50| B drd oth@idi 46100 favat@bl Bhd provided compounds
initiation of apoptosis in the cell. . )
“nudge” such cells with low ER stress towards a severe ER stress condition that pivots
the signaling balance of the cell away from survivable conditions and towards
apoptosis. The ability of the provided compounds to simply aggravate ER stress allows
their use in this manner even if they exhibit only moderate pro-apoptotic potency, which

also minimizes the induction of apoptosis in normal cells that typically exist under
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WO 2008/ 118991PCT/ US2008/ 058323 [0068] It is envi si oned
that aggravation of ER stress via the inhibition of

WGEHRGAI899N be achi eved with any suitabl e agentPKHUS290$/658323

[0044]

[0045]

the art or future identified agents that are devel oped
to inhibit SERCA and i nduce apoptosis.

| OB GL 555 2R e RSO S O A B oresed

r @l thasellpht laiels bt g tyﬁa&@ﬁ@]gtd’ate@ thAetvy fifds @FeelrfeBE in normal
sel ective inhibition SERCA activity is _acconplished

bSﬂllﬁdFﬂiﬂ}ﬁ @@W@)O@dmalﬁﬁﬂ& oftGHGP |aye @éﬁm@@t @n@mﬁe apoptosis.

seP§7§¥ erﬁ) tnrtlﬁg ?ﬁ; g& &W@%}’ggﬁf&ﬂp b?o th s 1nvent1on the

flevela of ﬂ]I—KD]]’ are mufeﬁsedl tenévelosudlicientt © mto@nieahmpﬁotectwe effects of
I t f t bo |1 I

SRR T AL il e S s

einﬁ Qif? ?Eptgﬁgp IR 6 ReRSS R briided %oﬁ?oﬁfd@ e%ﬁfeij tkh Being able to

resu 0 e aggravat ed ER-stress e

smﬁlaté ERailt:lieys amdindect d!BOpH)SGHﬁRng)tmeesfswaﬂﬂ sunply serve as “the straw

eﬂg‘:ﬁ%gg Eg%g %ﬁgr‘&;{:%%%vw 1}1%#%%@&5? ISSS %ﬁcells that are already in

Plo@sEROstRAS eTHEORS! Fddfilrd 0'thd PERAddINMRAY bliddles their ablhty to
expression constructs, but is not [imted thereto. 1.1

mebodasTeinllgoleratashpethntish shaempastic @@gntaégr avarigtygofagaditions whose

I s a conmpound,or har maceut i osi.t

BRI RUP PEA 3REE o i ERRRRL pilipbgnent from she
aiggnaioat dfMpop@eRtin isGcldcd RMPOMN dit@ition cRivey e@ent foedk of cancer as
composition containing the conpound, wherein the
cOpaTFICial oBakdipEeSng t he general fornula: and

wherein: W) 2008/ 118991PCT/ US2008/ 058323
ER Stress Response and Cancer Therapy

Although the relevance of ER stress to tumor growth and survival has begun to be
recognized, very little is known with regards to its potential exploitation for purposes of
tumor therapy. More importantly, there are yet no known points of attack in the ER
stress response pathway or compounds that may provide a basis for viable therapeutic

regimens.

For example, one potentially effective mode of triggering ER stress response is
the inhibition of the sarcoplasmic/endoplasmic reticulum Ca**-ATPase (SERCA), an
intracellular membrane bound enzyme which sequesters cytosolic Ca®* into its
intracellular ER storage compartment. Inhibition of SERCA leads to the release of Ca?*
into the cytoplasm and resulting in activation of severe ER siress, leading to apoptosis.
Although several inhibitors of SERCA have been described, none of these has an
acceptable therapeutic profile to be used as a proapoptotic agent for cancer therapy. For
instance, the most potent SERCA inhibitor, the natural product thapsigargin, is not

suitable as a therapeutic agent due to its high toxicity and its histamine-release ability.
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Rl is nethyl, fluoronethyl, difluoronethyl,
trifluoronethyl, alkyl, fluoroal kyl, difluoroalkyl,

wa eaofitepoal kyl , pol yfl uoroal kyl , hydroxyal kyl PCHES2008/058323

[0046]

[0047]

[0048]

[0049]

car boxyal kyl ; R2 is hydrogen, fluoro, chloro, brono;
fl uoronet hyl, difluoronethyl trifluoronethyl, alkyl,

e e L e o
Sl?qiﬁuﬁneit mg%%BMbs(Eﬂe%f Q%Wh?éﬂ R 9ﬂ&ﬁ)lﬁ9%§ C?El'o&gygenases 2

: hydrogen, “fluor  oro, brono
f (&:@Kezm ®phnendiefd, AT 2l Sqﬂbaratnana‘hl, Kol(laabérﬂqll 2003 :4:431). However,

fl uoroal dr alk boxyal kyl , -ar .
et DR i Eopg- R fit nee, RGR Y spaiahf olf-treatning
f ERMoFa Ry Rk NGh6 tdsiBe®fn tHYRIRASHa] bf WRy dru%hllo?éc%mb (Vioxx®)
brono; fl uor onet hrd di fl uoronethyl, trifluoronethyl

alTapk, CP andriteeepld, G, fJDumnb@ (Ra,rdlovascul‘ar Bbﬁtrmbklpgy 2007; 50:470).
F)Lyngyvl%lo Q3 3Lk egfeligﬁydbeﬁ g%{ lg}éagc/ cﬂllc% %FX]? lai( %{,\é hglrluléneln%]derlymg the

haﬁtﬁfaﬁ&fr)dctlvmﬁﬂ ORIX)X-Q ﬂﬁhﬂﬁt@ﬂ;e(@ox@@)e&ﬁd oth8€ WISAIBE layd through the
fluoroal kyl, difluoroalkyl, trifluoroal kyl,
pBAfioR rqfamgﬂroxyawwgtyg Enzysagsh SWel kpfalyze the initial step in

gp;agagﬁth gmkgg 0@5 B el dey cel&%%(ﬁ: ;g%%aﬁberaw khe CcOX2

et’er oar I n"some nore prefe
esﬂ:wxﬁcnmhnlatorﬁlknowntm toxiby denvthypen [tBO PBkdibiliot iext its anticancer

preferred. enpodi S -z R12 are hydrogen, or
Rﬁcuvﬁgc%geg fﬂf‘ge oq(agéﬂl 1®¥he enbodiment, Rl is
trifluoronethyl and R2, R4, R5 R7-R12 are aII

hydr oljeseverabaceept sfudigstihdas peast roted thas isatzneme af culfured cells with

395%[ aﬁb%ﬂ]ﬁ%‘i?&i d(n‘t?g qp[e%gélghéeﬁerlased Elﬁ_ea’%ed Ae &ls o{ intracellular
ye{lchbmnqeﬂ?é'ﬁ)lhﬁthlmb”sdlaent%ﬁéléhcﬁl oftthe ER stress response (ref. 11 — 16).
(trlfluororrethyl) heny 1 (trifluorometh 1
HABheughdthese ob ,smﬁgﬁ ﬁ%@&h@ possHiLkify thaf_ NSAYD as a class, may induce
1
bt SUARReEN oS ORIV Mipas U Nsrms

[ﬂﬁli&}ti?ﬂ])lonc(@rﬂpmj Ad$.0t hhatol/Eomicedad @t elicintitis effect makes such casual

fl uorl ne CO@V%E%}@ 1V@on%{31|d?g%2(|: rou i §S gﬁﬁq{&%fects of?NSAIDs such

rfmzogrz RhiGAen WARWKEY dRmihAe] fendiéhn\g' MOmamlik@yTaldidates as a tool
usi ng magneti c resonance inmging. This can be a very

vir indokcimgfapaptosie witbrhigh $ifecidigity. to treat and difficult
to nonitor di seases such as brain cancer. WO
2008/ SuBASDEICT iJR2620i8¢ 05 3Sbsts, it was found that celecoxib can still exert

potent anti-proliferative and pro-apoptotic effects in the absence of any apparent

involvement of COX-2 (ref. 17 — 23). While these observations suggest that celecoxib
may have a secondary target independent of COX-2 which leads to apoptosis in the

cancerous cells, the underlying mechanism was not understood.

The inventors of the present invention have undertaken experiments to study this
unknown mechanism and have unexpectedly discovered that the COX-2 independent
antitumor activity of celecoxib is in fact through the ER stress response pathway.
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1.2 Enbodi nents in which the aggravating agent is a
prodrug [0076] As set forth above, the present

WO eopenta9en al so i ncl udes t hose enbodi ments i n REN/TER2008/058323
either directly or indirectly inhibits SERCA and thus
aggravating ER stress. In one exenplary enbodi nent,
t agqr avati t. 1S a. pr.odrug which ca e . . .
i aPRLa it B tRinbE Rshh TR B eehopb which cxbibi
SEiReA Adti@itpeh abdicigNERY stebd) dotlc oNVigtoSaNin & e $sec AIIXAMPLES for
exanpl e, in those enmbodi nrents where the aggravatin

atjperting experaments phd Attahoh Baangh NSAsase kaewm fabe able to stimulate
ti ti. .

PR, 015, TRbolle, BLHARNGBbhOhd MgBABE nd Brson of bomn e

t pesmrivival dERIPT and thel prezpop@iio CHOPt prtshs, HpphiRatly,htie effect of

upqgn tabo] i ¢, oxidation, proteo]ytic c|eavage_or .
h?%?‘iﬂxnﬁ’sF@“}é‘%ﬂwv’ewﬁisﬁ@%p%@‘isd‘ﬁbcﬁﬁ%&ﬁ vitgd 33%91’ expression that
aGtdriRelRa8d TRYRLEVe F%T'Gﬁ PRS &y id %ﬂn'd&fﬂr%@d %E&%pase—ﬁl and
can recogni ze that suc uncti onal groups I nclude bu
acenmgted| thacalbig apoptosishyl or al kyl groups, ester
groups, carbonate groups, anide groups, peptides, or
Dbfinitioaycl i c or pol yneric derivatives. 1.3 Enbodi nents
in which a conbi nati on of angvating agent is used

[0050] [ 0077hVeidaadhertth, AR6 OFIHARCEEN tReSONBIIRPBRLNY MBftks (9T the various
the present invention may further include a step of
apipisicilegjcal and gathologival casdisions thabmay ERpait prosein synthesis in the ER.
aggravating agent. Preferably, this additional one or

[0051] nor e ER- sdcde $srerggtiry adrinn o SROW” it an t furonsgh for Sarcoplasmic /

different stress-indyci mechani sm 10Q78] 1t is..

e amm 3%&9@@%1% Ea?%%ﬂ%%ﬁey Vet e ﬁF’éﬁe\%{“ﬂiYn?réh]tgi’ﬂB’n conserved

t Adtei fbndsh, SIESHwIREE AlnRAbESs QliciBIARYREMBEne pumps in a similar
-stress are used in conblination, a synergisti

efbmsr. nay be achi eved. [0079] For exanple, in one
enbodi ment, when the drug bortezom b (which induces

[0052] apopt asiused heeiighihé tdrinbi‘CON Ofefglk ab eFsRBRy ZBBe-2,Salso known as
used together with cel ecoxib, the | evel of ER-stress
versstaglapdinsadepsaoxitise 2 prospelandmds/dEsathaga and cyclooxygenase)
significantly increased (see Exanple 2).

[0053] 100804AAased deril, \the itdrni SCEOR sietane do A AR fephafcet binding protein

SEIBSE IS0t T A e i
PEDSARE (GAYAMS3pn WO 2008/ 118991PCT/ US2008/ 058323

[0054] As used herein, the phrase “ER-stress aggravating agent” refers to an agent that is
capable of inducing or aggravating a stress in ER, whether directly or indirectly. The
constitution of such an agent is not particularly limited, and may be chemical or
physical in nature. Exemplary physical agents may include temperature, radiation, and
sound, but not limited thereto. Exemplary chemical agents may include cellular
signaling molecules, cytotoxic agents, toxins, or other metabolites, but not limited
thereto In addition, specific conditions of the cellular microenvironment, such as

hypoxia, low pH, shortage of nutrients, may trigger ER stress.
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(i.e. induction of apoptosis through ER-stress
aggravation) to achieve a synergistic effect in

WO 618991 apopt osis. [0081] I n sone preferred PCT/US2008/058323
enbodi nents, a first ER-stress aggravating agent
capable of selectively inhibiting SERCA activity

ouss 145 BB B85 BT B0 RS s (o

agaERAS pﬁsme}ﬁ@leéulm difher ﬁa&ﬁ@aﬁa hfin@hal hBGYiRASI Ng the
concentration of m sfolded or danaged proteln in the

ER
00S615E: ESTELSY Ve ABETE bl o0l oSyl SRR e 1o ame

i Ethhbmﬁt(in’ns (whge thotdsarati ﬂhanﬁaicoi&fguﬁ BEbady %réah@f fhai )two times the
or a_protease jnhibitor .. helfinavir atazanaV|r

f SRy cammerer With the ATHViLY ¢ §F O drygsvised indjvidyplly{he-dhg eombination is
ﬁmﬁ?g?)sg'% ts in which an apopt osi s
g%gg%nﬁézuse Eﬂg?ln sonme further enbodi nents of

the p | nue |on res at i.ng, agent

10057] 0 BASAEE JiEnfir fobinfes f T RaMaRIDSRNPhYY 316 98 Usod as i
eg&iﬁﬁﬂl@*mﬁ@mtd@ﬂb@&hdseolt"Bkﬂlhﬁtlﬁ@éh&eXt of the present
i nvention, an apoptosis enhancer is one that anplifies

[0058]t he ehfeclq AfthER g?élﬁi%ﬁ)yl, nggre% %@Mlﬂclhﬁﬁgﬂrr]%gﬁ’tcéh'aﬂﬁd branched

of apoptOS|s tosis en r I's
chehgyclt atkyl tadmiahgtbmltdinial @ptto hhtatt 20scadmpabdrel f 16 carbons, and are

G e o PR A ey wﬁﬁﬁ%ﬁ&éﬁ thafsnaes limited 10,
Sﬁh@ﬂhgfﬁsetﬁﬂs RRSHyIZ iR, %B@@fﬁ €n- ug’l_:x tert- butyl 1sopentyl

apopt osi s enhancer may “i ncl ude "a si P78 or
| PROPRItY b terbpertRrag iSeheay]. oAs ubad besein, lowrr aléfdl relf@*rtetcgrbon chains

Aﬂé%;ﬁgef%”l%' ell%’ut 7RP %E)?S’t' CS'BQI% {0 Ay galaigbo ng H%I%Ie alkyl groups

or hatura ound I hcl udi g,
| inay be datiiutedBiidmatiRiiddc SFdrfh%f ah|a<ﬂ(iﬁ nf: lﬁﬁbd Mibtsﬁtufkfd one or more
anti -apoptotie proteins of the Bcl-2 mly, such as

AmEpes7ay oneor maregEboms Withcsubalifpenys s@qt@tfrpm@ grgpp consisting of C1-
g DB PR AR T BBk S B RGBT i, ey,

poayi dieis, aaliexyodofmyl, Scmemy,ng:_,aﬂﬁﬁhmiﬁd ng)hosphoryl phosphonate,
cbastawsgida, ‘W erai ek uirgig oy bR Redonigengel pdditonally,
[ 05 Faad uﬂ@néo?maﬁ grtg'lrﬁ%&é}oﬁtgh% RSReGin aﬁb§d1§1ents 1,2,3,4,

present I nvent'| on ener al StepS of
Ch6a7,rii mg ihatenyaten ISDIDS‘D&MW; &,lltabbt hetarogonms dncl@Je. nitrogen, oxygen,

20081 IRk Us2 008/ 058323

[0059] As used herein, "cycloalkyl" refers to a mono- or multicyclic ring system, in
certain embodiments of 3 to 10 carbon atoms, in other embodiments of 3 to 6 carbon
atoms. The ring systems of the cycloalky! group may be composed of one ring or two

or more rings which may be joined together in a fused, bridged or spiro-connected
fashion.
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conmpound as a potential ER-stress agent if the test
conpound is an inhibitor of SERCA and is not an

W0 pioshigoor of COX-2. Preferably, the identifi eRCT/US2008/058323
conmpound al so does not trigger the rel ease of
hi stam ne. In the obtaining step, information about

the tes ound,t o, be obtained may inclu

100601 1 b3 5 AT {9 br TiHS. LorgOg, MeRerShs ahi Bl eroups
agdritdhing fRIm 8 e 16@&5@1&'%11133%@ Re@ inAflsNBedifEARA ary] groups are aryl
activity of the conpound. [0085] The evidence of Eﬁg

staﬂ@Ql'S Which neg| qontaahup)éo de iemamms iy certean mbsedingatsofl, 2, 3 or 4

IR TRt
Oéerﬁﬂf’&ﬁb&ﬁﬂleﬂl@ ted BofnReksbyith 0861 §idubloed lbWet AIRyldrbup and it

usi ng conmmon technlques such as those described in

t ey dr el Bised joode] @ah prevapalkHaingss tSwighscunkemups include, for

|%g3§'ﬂ3é‘§ ngﬂe%gy ﬁa&%@gﬁ (%&1#&8&} q gpréa)tl H)&H)Xl thienyl, pyrimidyl,

| thixzalyl esd feyiefralmd by con‘m natorial chem stry, or
nodi fi ed anal ogues of known SERCA inhibitors, but are

[0061] not | Ag‘u&%jinttﬂﬁrsﬁ&ﬁﬁcaﬁﬁgsg ﬁhg if direass Mgk %pttg €0 atoms that may
desired informati on about a tTest conpound I's not

aincladel Pk 9o WOTS mltmgqe,r aygen.a8udiur ab pbosphhl@us aopspprovided that the

CE S e o B s s ORGSR R BRRNG of Byarogen,
agiRaAy allg rﬁlmfaﬁw Hiaewt) d4ril, tHeradryl, RRMréeiods ebsomo, fluoro, hydroxy,
|nclud|nq chem cal assays_and cel |l -based assays, but

nadkoxyi, grxlew. tqaéfrOéyOamP%OeﬁHw&vmlg}o diplkylagdng, sacy carboxamido,

[ t
o%%g r ’dﬁxéé ?4 . o und aﬁ‘ﬁ%@ §r§ ?@Hg a%léz g@gérr}géeh .9‘5}5 @H&@\A}SH)SP horyl,
cplnpphonde:, 'phosiphmmdo idnyl salfomylpdndafncther providpd dre e ragdmay also
the steps of ob a |ng |nf .mat i dentifying th
PTOBHAIS PRY OE BIRER “8 §g L gﬁ?ﬂ"hﬂé dgrcydivp ﬁa’éheteroafyl
afer epeated for each test conpound. [0089]In sone
pre erred enbodi ments, a |arge nunber of test

[0062] CorrpoManSSe g’re?eélilffgl eggpeg}d a%l&rng? g on %gaﬁrgsgt no spe%iﬁed contain from 2

i denti*f

h.bgln)- dahlﬁdﬂa,gdimto f®carbbns, e afeastraipht BﬁbﬁhélfedofAlkenyl carbon chains
h throu hput drug screening are well -known in
kas, ineRertain, crsladimgnts.cgogtain 14p 8 dquaie lpws and the

h r t

USRI 20 LA Sy DA
2000d5. 1A8%&Pﬁfbdﬂﬁﬂﬁﬁﬂ/df5"8i&23 td D0 9&rbbms, &dckrtairoembaliments, contain
Scr > gﬁ t | an he ?n%(ll catbon chains of 2 0 ?g fcfalrb%lng,qn certain
embodIments, contain 1 to 5 triple bonds.

[0063] As used herein, "heteroaryl" refers to a monocyclic or multicyclic aromatic ring
system, in certain embodiments, of about 5 to about 15 members where one or more, in
one embodiment 1 to 3, of the atoms in the ring system is a heteroatom, that is, an
element other than carbon, including but not limited to, nitrogen, oxygen or sulfur. The
heteroaryl group may be optionally fused to a benzene ring. Heteroaryl groups include,
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conmpounds have been tested and identified,

conput ational analysis may al so be enployed to further
W@pioBiHigeel or generate new candi date conpounds BUI/USAID058323

for use as an ER-stress aggravating agent. Any

connDnIy known conputational drug discovery nmet hods

be a 0 for t ask.. .
ef er a ? lmlfel gahgl%aseéfa arrz)r%l?’ ﬂc?g "ﬁOBS’inég (R lﬁlélgld tetf*}z8}yla thienyl,
apyred;e Nyriod | Wuh&Bylpygelit daastilyldinddsddRiiolifyl. see
Bacilieri et al., Current Drug D scovery Technol ogi es,

[0064] VO! UNR s Jse I WHIDRT "Hte ﬁ&%@fy?nf%?é'rs ?tpepﬁroaoﬁféhc %5%131%@11&)1@11 -aromatic

the content of which I’s”i ncorporate erein
rsﬁ@ sestane,) in c[ll@@ﬁﬂl:]oﬂnnaltptf éfte rlﬂetiemhé:re,dnrmnﬂl,er embodiment of 4 to 7

qua itativ uctur.e-a rel ati onghi QSAR ) :

o] & Ty SRmBARGIE o fol st SRS 909 Baffy in certain
I é}ﬁ%dh%ﬁ%' PR S)fof@ElSBT:RHﬁ@'iﬂ %@ing%%t@ﬁqu%gte?&atdﬁhtthat is, an clement
hi gh-t hroughput’ screeni ng, see Davies et Curr

o Grancabon,. iRbEEIAbYt 10 4§rn133ﬂ3it51m1:r|§9@m @o@sn ol sulfur. In

ephMnERR Bt el LB S SRR i apiony

Agmsanitddi RGIAGHIGH, [JDRDZ], | alkanglhi drdll, aﬁ@a@hnyl,t lagallpfle Sefdroaralkyl,
i nvention_ al so provides_conpounds useful as an ER |
s@}fcaéaél%g Q?tsxpawlmb agloaikylalssli hgterasaclytalierlapeylo gyanidino, or the

t r , éurglrnoﬁbt h@a@ﬁ]P{A Hﬁbuor Wum %&(H p WL %gﬁ&@%ﬁbsntuents are

t feldctadasabb¥ey| , pol yfl uor oal kyl , hydroxyal kyl, or
car boxyal kyl ; R2 i s hydrogen, fI uor, chloro, brorm;

ExeiapReE EmBodifiehls WP tROPERyht Inveadidnior onet hyl, al kyl,
fluoroal kyl, difluoroal kyl, trifluoroal kyl,

qu&hbagOfropﬁidlsyih% ob Yl m)fﬁshlsbfbss 1%061@15?}%;@%?6&5?”90,&@5“” lsy
[0065] S€! eciyeqd Hs?'ﬁsse ) 3 p?egp%ﬁ{d rgf 521{1{%‘ Q98fthol! YP"iRducing or

chl oro, "brono,
digghavatiogbtkask in 4 celf’i; em’ro@hisklw retlplﬁihmf(lElRolt@aiggyf apoptosm
hydr oxyal kyl , or carboxyal kyl, aryl and heteroaryl; R8

[0066] - Rllaak& fbﬂﬁI QB&Rd afiiods %@chﬁ&fn@ do 9 Ay cOHPMR present invention are
consi sting of: hydrogen fluor, chloro, brono;

fbaa@d omderdiscoverythaidyonsudig or agerdvating BRefohgisuffisieny intensity and
PRI k050 b ACAL SRR o g verste e

qirkbeﬂtﬁe. efﬁ}w b GIRPYB, Ichding i®aytblatibn oflh thspa®d such as caspase 4 and/or

het er oar ¥ and
caspase 7, hereby, committing the cell to apoptosis. It is also based on the discovery

that there exist agents capable of specifically inducing or aggravating ER stress in a

selected cell without causing concomitant side-effects in other non-targeted cells.

[0067] Specifically, preferred embodiments in accordance with this aspect of the present
invention generally comprise the steps of 1). inhibiting SERCA activity selectively in
said cell without inhibiting COX-2 activity; and 2). elevating the expression of CHOP
in said cell, wherein, the combination of inhibiting SERCA activity and elevating

CHOP expression results in a condition favorable for initiation of apoptosis in the cell.
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R12 i s hydrogen, acetyl, acyl, alkyl, fluoroalkyl,
di fl uoroal kyl, trifluoroal kyl, polyfluoroal kyl,
wo sl kyl , car boxyal kyl ; am noacyl, am noalP®yU$2008/058323
cycl oal kyl, heterocyclic, aryl, or heteroaryl.
[0093] Preferred enmbodi nents are conmpounds wherein Rl

100681 57 el Haembriask s fomgt B 485 G 0 ip BRI FOTERCA can be
CEIRRAAD AR tHVRBF ﬁhlﬁbﬁ‘la%?l%kn@ﬁﬂ iftheadre ohmentlf?eﬁ él@h{s that are

as conpounds wher ei n is trifluoronethyl, and R2,
Rlevelmed fyinhitgt SERC&and indusg apapgesis.. [ 0094] Ot her
preferred enbodi nents are conmpounds wherein R3 and R6
[0069] ar e sPBiearildy, ﬂieospeenﬁgrtplm;ﬁ thomgeritis sgclothat iy doegeet, inhibit COX-2
fluoro, chlor qﬁorn .fluoronet hyl, difluoronethyl,
t 3GUPILY OF Bragenipe re sgyipe. heteroaryl fl uoroalkyl
di fl uor oal kyl , trlfluoroalkyl ponquoroaIkI,
[0070] hydr okt a8 kyteferisd cabodingeat, k;srelectlm%pmlm |SERSFA activity is

c%f Llrﬁl%fiebnbg%{gﬁzﬁér ng4é§)h%%3fc%ﬁtgp%§l¥ yfictﬁﬁ e%mﬂm%of an ER-stress

&gglfa\fahﬂg agéne ichydble oflsditchiyélgathibitihg SERCA, directly or indirectly, for a
%n benzenesulfonanlde such as: 4- [542

afiqn sy IICWBF Shretavptecprien 951_[1}193331%1@1%, ¢OnGeLEAHER Hygnilicantly above
TGP b 1 WRRESBERA ooRude oA, devai,or croP

gaip}:ésemnamey lef anefiftatks] pO@IfERRE fofrthe ragetavated gER -atrdS3, or may be
l.a ou in accordance wi,th the prese
A wed i ﬂngg@pmfﬁwry CRPANGHY InFUGeF- K FRFT CHOP
eé)fp‘?ééﬁloﬁ %ﬁﬁﬁiﬁc%rﬁlﬂu%@ nnctlﬁkfe frhWction Y pIShRA%asddOfonstructs or
5- (2, 5-di net hyl phenyl) -
quctlfm wothommat tpggrgssmH-qumamtﬂ, but-is not limited thereto.

yIThenzenesquonanlde DBrC stands for
' L Dot dpekd -is a compound or a

1H-pérazol 1- éllbenzenesulfonanlde and DTF3C st ands
for eglic omet hyl pheny1) - 3
-(tiifluoronethyl)- H pyrazol - 1 -yl]
[0071] benz dnesomer pratericd een;i:@dlrwyfsz (o8 ER15s9 AEZrAatng G8rw58 3 9 mpound

Q0P EALROLNGI.PEST SRS STRAGTI w0 DS O WRMATS AL Srpound is

prodfug conmpounds ohver 'vo to an
ER&&&Wﬁgsh@ggﬁﬂuamnngaagent t hat can act as a SERCA
inhibitor. Those in the art will recognize such

conmpounds as having the geﬁaraIRstructure:
5

Rz
R, Re
R1 N\ N RT R
N~ 9
//0
Rio //S\ ~Ri2
R4+©9 H

and wherein:



L = linker (e.g. alkyl, alcoxy, PEG peptide, etc) =
pepti de, bioconpatible polyner or nanomateri al

WEawsilel i n-vi vo cl eavage point wherein at | eRGI/USIIOS/058323

[0072]

[0073]

[0074]

[0075]

group of RL - R12 has a side-chain selected fromthe
| i nker groups shown above. 4. Pharnmaceuti cal

ositjons Useful, gs ER-stress ravati-ng en
Roos tpHinsl T Juprameieifocftuphatcids dripras b io s o tuoroalkyl,
provi Qmoﬁ;an@@rtﬂﬁﬁ&umks;@Eolyﬂgammyl,lh%rd@ﬂkyi, of &drboxyalkyl;
I nduci ng or aggravatin R'stress’in"a cell to trigger
Rpadpthydiogen.nflugre, ekloro, tEamodiflversmetinfl, diflwopomeetbyli trifluoromethyl,

agent HGh FREREIG), AabABAE BB BRE R 8orvaliot, or
[ 0099tAByxyaliem cal - based ER-stress aggravating agent

descri bed above may be suitably fornmulated to
Racilvi ara independently selegted fomf a gioup sensisting ofghedrpessy flupre, chloro,

a prefenie dall%‘zgg?lé ]filll%?(?a}i?aér?gr ?g@g&%ﬁéﬁgggﬁ%n}n%@é polyfluoroalkyl,

enbodi nent, tress

c onpohydtoxyaikyigortcashogesleylabryl addmdtaroaty§o descri bed in
he first aspect above, qr a pharmaceutic y,stabl e
rRit BB Renﬂfmmelfﬁs# Fopaa gHp cepsistigolc Bdrasfny fluoro, chloro,

knovmblréﬁ{or; i %T&l_ogdgﬁéﬂrlr%l? gﬁf%%rh&hﬁywutiﬂ%érbﬁeﬁl P S%E’lf}g}, fluoroalkyl,

active 1 ngredi y be suitab used. Prefera

t he cdiflupmalkyt omdlusrdallahl epdlgfluanoalkyk, orhpdrartyplday]l, Scarboxyalkyl,

Ther aﬁﬁé’ﬁ)}l,c llgfexltyi%%gloalkyl, heterocyclic, aryl, or heteroaryl; and

Rz is hydrogen, acetyl, acyl, alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl,
polyfluoroalkyl, hydroxyalkyl, carboxyalkyl; aminoacyl, aminoalkyl, cycloalkyl,
heterocyclic, aryl, or heteroaryl.

In some more preferred embodiments, R; is trifluoromethyl.

In other preferred embodiments, R;, Rg--Ry» are hydrogen, or R4, Rs and Ry are
hydrogen. In one embodiment, R; is trifluoromethyl and Rz R4 Rs, Rs-Rjz are all
hydrogen.

In another preferred émbodiment, the aggravating agent is 4-[5-(2,5-
dimethylphenyl)-3-(triftuoromethyl)- 1H-pyrazol-1-yl]benzenesulfonamide,  4-[5-(2,5-
di(trifluoromethyl)phenyl)-3-(trifluoromethyl)- 1 H-pyrazol-1-yl]Jbenzenesulfonamide, 4-
[5-(2,5-dibromophenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl |benzenesulfonamide, or an

analogue thereof.

For compounds that contain at least one fluorine-containing functional group,
such as a CF3 group, the provided compounds can enable the monitoring and imaging
of their in vivo actions by using magnetic resonance imaging. This can be a very
valuable feature for difficult to treat and difficult to monitor diseases such as brain
cancer.
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[00101]In a fifth aspect, the present invention also
provides a nmethod for treating a diseased condition in
w@2panisemt by i nduci ng or aggravati ng ER str esBCT/HS2008/058323

sel ected diseased cells to trigger apoptosis in the
cell's. [00102] Embodi nents according to this aspect of
t he ent an _steps of

%% anount of a

p armaceuti_cal conp05|t| on accord| ng to the fourth
[0076] aspects gt forth ghee fbe PrR&RtiNBeNtREsAse Fsindss dhese sphodiments in

GhRA EOfirdc ﬁ‘b% dﬂ&r&'ﬂg qﬂﬂBﬁ’%’ §ER§QI ﬁﬁt t?]ﬁrug ?gér ¥at1n§ ER stress In

according to e I'nments set fort
oénet trenplag entbodimeantthe aggrawating agenttiab pyodadaphzi cfambe converted

at nent. net hods of the es nventio 0010
i B B OOt 1o GIGOILSEBELD e B0l +tonversion

stRhd. Of F&ERe RS S il the E&b@&imeﬁtsSWh@fe' ok ggitabﬁmg agent is a
phar maceuti cal ‘conposition. [00104] The met ho

t reeamhipant mebcukbedralnelpeatmm Impadgmaerrbﬂ ammhhtbcuo tlew the agent to

a caple to rrB of . di sease

BRI AR, Gt Py ey L BB s e habvifed, compounds
C&dHdih Dt iishalregb@iyl 8 dgenPhRiBblie bxeddtiod] FeRttSlytic cleavage or
cancer is the preferred di sease for the treatnent

nexdielysis 6pn pipeayddnd qomponnd éno aErelivs BR pogaiatingsagent. Those
t g@e@){mp &t @%P}elcggrmeethh{]s%cﬂ ‘ﬂﬁlog!)ﬁsﬁ%lr ts%'g}ude but ik not limited to
nmu | reas

orrne, carci nona anc IC carci

Buethiyt or aﬂkjflyg‘miilﬁ;n'esterr‘grbﬁpspbz&bﬂmé gromps, mmid@@ioapi Qi&'ptldes or their
i‘t ate cancer, .col orectal cancer, netastatic breast

%PTP?MFIFFI%VE’&‘Q(H%H and drug-resistant cancer,
but are not limted thereto. 0105] Anot her enbodl msnt
b8 Embedimaessinowhichhg sombigationiiglog t WoEa

cheror esi stant tumors by |nh|bff|ng I nvasi on,
[0077] vascuMetedesh sccadahcangitlo geme sinshodimenth efithe prest@ninvention may

t e t he tunor .vascul re is not re nsi ve
tﬁlrtaﬁrnc ‘:‘&"r‘f]@raa ‘@thfga@'(iym%n ad%tltlflonal one or more ER-stress aggravating
2&@&’ %&%ﬁﬁ’%ﬂs’%ﬁ@ﬁ%ﬁ%%@ more ER-stress aggravating agent acts through

a different stress-inducing mechanism.

[0078] It is another unexpected discovery of the present invention that when different
strategies of aggravating ER-stress are used in combination, a synergistic effect may be

achieved.

[0079] For example, in one embodiment, when the drug bortezomib (which induces
apoptosis through inhibition of proteasome 26S)} is used together with celecoxib, the
level of ER-stress was elevated and the rate of apoptosis was significantly increased

{sec Example 2).

[0080] Accordingly, it is envisioned that any of the apoptosis induction strategies listed

in Table 1 may be advantageously combined with strategies of the present invention
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drugs, including Tenozol om de (TMZ), the agent nost
comonly used for glioblastoma nultifornme (GBM

WQ b@sapp91 The tunor vascul ature provides the nRET/USDY)58323

oxygen as well as the environnment for tunor grow h.
Therefore agents that destroy these cells would be

very.usef.ul i.n treating t esidual or _.recurrin .
Vo ittilig, o6 P RoSs Rihwst ik o ReriotnD pritune synereistic
| E¥Rtd BAudh@YpsRssi® method for the treatnment of the
perinecrotic rimof cancers, involving the induction

[0081] gﬁ ?pﬂpéﬁé refbifedEn c[iﬁ%ﬁts,rg%ﬂé’cnﬁlls-sgﬁ%% i\%ﬂngl.ag%@rcgpable of

n conbl hation wt conventl ona erap
peeidctigelly antiliting FER G A aetinti fyowithean ithébiting COPeA o triggehiag histamine

treat nent . of especi al l difficult-to-treat cancers. .
e DAk b CrEBRaN BN Jo00ms R Sl GEH P MR WEich is capable of

OinkRALAS tIRTBorPehitatioRr s¥em(s@BMd oMBAYMag@Ni6lch W tHe ER. Exemplary
outgrow their bl ood supply, where the consequence iIs

t égsntse nvtablemént ussf an thee sewndcEBetresy aggFaeatingnagent gedyl snclude a

at the "necrotic rim are.usuall ui escent, cells e
crplsafomd BiRlondo ar RrFORIE N SaREHT TEFSoRuR 2 Brotoase inhibitr
q;e»g BBIdEN b EF, atdzaMa ViRt ifosaighrdn@Wir HBERSE inddsavei BSALMRANERe thereof).
of this stressful environnent, these cells have a high

1.9\VGhboimdnelin WiRCA B Lysptdshs dlbiaficdpGStdelse €nvironment,

hi gh resistance lTevel of RP/8 IS expressed to

[0082] SYT vi ﬂieﬁop‘gltrehiﬁlgtge S%éf)(?ﬁl?l%ﬁ% ¢ eﬁ}g‘%fern%)ﬁlq)ghﬁor? rtﬁeeER-s’cress aggravating

[0083]

[0084]

especi a | n rea enot herapy or

r spaghaiagrbet Lisadyby Wrtheh applpingadd ¥pdpassietniadpirdboythe cell. In the
proliferﬁ{ing cells. .[00107] The present, invention .

oS ofi HieqRIESHE HEERE, P8 aPppigsis cbansehis ape thatgmplifies the effect

t K j ' on LQRa :
TS, Ul OB o RoSETRILASEy soptcs e
gierechdrhigalnot biokegicdl agent that i ogehblaunbupragulatihgadbe expression of

still inmpedes free access of c erapy to the

CGHbP: oRBEeae e RS et £ COE: anbHehOEhE agsgpese such as
L@k QLS 4Rl Ua¥pRE-91 1 ERMGI A GpbpdsRenbflces maFBitiude a siRNA for
however, is het'erogeneous inh nature. Pathol ogically,

GBRPYE ashanr aehibitorzefl GRP Hanstion.i butcapit dimited thereto. Additionally,

per.i rotic ] an nJ I Ng._v, ulariz . .
PR, it B . BY shLN AP IER] Lolobli, inctuding, but no
Pahiel RgBHE-hymetes ahatligskkathe abevinsela@PalopridqeoeRe bf the Bel-2
i n pat hol ogi cal specinens in glioblastoma (Brat DJ,

camily, wgh@s ABed3'2004, 64: 920-7). Chenot herapy and

radiation traditionally target the well vascularized
JrMeihbdrfar Sargeningn Beleetinigs or Daskening Confraundsobsefidr aspin ER-stress

gr%iqﬂan% tupnr tissue. In contrast, the malignant
perinecrotic rimof the brain tunor

undergo less proliferation, and remain dormant, albeit .

wi t h IRhe ﬁ%qrgﬁwpgpt,ttge gaessat iigvwepgign proyides a method for screening,
. - i t i .

o QT L G T P By ARy RaPag P Pl M fcss n. cel

tthérigher aporitosys indb¢ esdt.ona cells in the perinecrotic

zone begin to grow and i nvade again, repeating the

pr oc g&bodifksits Fecdtainic 0N this ddpdcii theCplehend Ghivenibh QRvd the general

very simlar to the concept of trees growng in a_ .

SR dat Obleinipg dpfopraation akout (e fest gpmpaynd; ?@ enghting the test

If the tallest trees (simlar to the well vascul arized

tumor region) are cut down2then the |ower |evel trees

(simlar to the perinecrotic region cells) wll grow

up as they now receive the bul k of the sunlight. The

end result is that the GBMrecurs, with increased

i nvasion into the normal brain. The glioblastoma cells

in the perinecrotic zone have been previously

characterized. They secrete increased |evels of

proteins in response to the | ow oxygen tension that is

present in the perinecrotic zone, and angi ogenesi s

factors. The perinecrotic cells proliferate

oy o o o - I T T



[ 00109] Cel ecoxi bi s445- (4- nmet hyl phenyl)-3-(trifl uoronet
hyl ) - 1H pyrazol - 1- yl 1l benzenesul fonam de (24). DMC is
W@ 2@B089956t ruct ur al anal ogue, where the 5-arylPEU#1098/058323
has been altered by repl aci ng 4-net hyl phenyl wth
2, 5-di net hyl phenyl, resulting in

YRR TR R DBE Rl e 8 DRI angiiorof sERCA
C HPRURA SniBhiBitey Bf 02 PréRra W, thaRRLAHET YordgoundQlso does not

2008/ 118991PCT/ US2008/ 058323 accordi ng to previ ousl
pliigiges Hed redease e ubisteminge e In dhe opipiring stapl defoxhitiamabout the test

ref. 19 .for . Fach dr Lssohved in. t
o) 8ok E3FH): e "EREDIRLUGY, BB compoune,
r DGR Xinhib(tds) actbeiTef ehedkompphrt andf hiBawinea rdl&fst zRKivity of the
New York, NY) and Vioxx (Merck, Witehouse Station,
NOmpqusdpect i vel y, were suspended in H20 to
di sintegrate the excipient, and the active ingredient

[0085] was dTks evidentei of ER/B@esst in2bcethrodn be determaudd thiyathe presence of high

used pur coxi b p er tha s sy.nt hesj i,n Qut
Bt B TR B BGF fety " oels ERlec B BYiSt i PEE 79y in normal
Aidsuéd. adihkileral oNSMIPR Wai Be RdtsManadby HiRi¥ JkAME nSthe art using
Louis, M) in powdered form and dissolved in DVSO at
1gonma® feehniquesa fishgs thsa daseabshimmthe axamglee obt ai ned
from Signma and di ssolved in DMSO. All drugs were added

[0086] t 0 t hBowred bf theltest rcenpedndimay rtomenfaom eny tchaimdeegiurdehienown in the
final, Cjo centration of solv nt%]éDI\/SO <Q'ai%l' Cel |
L#"he dPARYDEL FOTIRE S n GPETIRS YWE 0] ellibrarieq e generated - by
VEeInbiRbAANGEndi Mot RSo YIET hitA8bulY RE kEbvh WERCA inhibitors, but are
Col I ecti on (Manassas, VA) and were propagated in DVEM
onotRENted1ereto( Li f e Technol ogi es, Grand Island, NY)
suppl enmented with 10% fetal bovine serum 100 units/nL

[0087] peni clinl the Raseawter®. the dedired informptienybou al testecompontld fis ack already
i hcubator at 37C andg 5% CO2 at npsphere. -The . )
JFIoN 5t BRETHEES | awailﬁlg%, ths Stein 91| RDSBIRG Agtogmatiorydgay involve

r : ee

e B e s A YL P Bt SoppPERee)y sHliches, any assays
| commaidy drewania thatarbody ds {100, ithifoga bhaneikch] dspmet @sl cell-based

were pyepared.b sis of .cells wth . .
rRes P e shehlr JReERLY T reats qhosgn shap vield quantifable
REQlI Rl AsiGOmRA AR I0Ber et @oBb&i ned using the
bi ci nchorinic acid protein assay reagent (Pierce,
Rockf I . j:1S,, ]
10088] 20 Bitinse soleenlrd of {63, bt s HBTS a GR1-A Bror process and
pihé sRpyoutitaibingiirformetion, plenthasethe pranisiglcandtgs abinpgunds from
Egchnol 0gi es éBeverI %/ I\/Ag Cagman Chem cal (Ann
Bt capoundy argdepeated oncagh fseeHPWgy, Inc. (Santa
Cruz, CA) and used according to the manufacturer's
[0089] r econmesathst iretvsred Thbodioeotsd arlgrga muinber petssignmeposiodp argdised and

t.0_ horseradi. sh _per.oxi e detected b . .

o APE B AR RET B b bR dn p hipiptwonshou
ffoanatPiGunesl pAhdipled ot highttblotghit drigeRedhid ¢ weHagbwn in the art
once to confirmthe results. WD )

Aty necenfgericy s Windierygd 3.3 Nat Rev Drug Discov. 2003 Apr;2(4):259-66,

the content of which is incorporated herein by reference).
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I mmunohi st ochem stry [00112] | nmunohi st ochem cal
anal ysis of protein expression in tunor tissues was
welawe/1199h t he use of the Vectastain avidi n- bi BET/HS2008/058323

conpl ex nethod kit (Vector Labor at ories, Burlingane,
CA) according to the manuf actur er's instructions. This
proce uses bi otl | at ed an ant i bodi e and a

100901 51 oF S AGHETT T FEreaiER Py SAFIOH U cEO RS TREGSHgmber of
beshpd BB HvE NeeeR Viested- zﬁidoideﬁtlﬁm&cﬁff UtRtdHaH analysis may also be
technique. As the primary antib body, vve used antl-CH(J:y
aﬁnpll@m@ﬂ/w( @athmaomnmze Bi getrerdio @bwgwldldatb worpoundsGaitable for use as

(b B RSyl RS L b K oG lg A b discovery

qmaﬂ'i)tii ahay ey adMahthgthiRlU 28apréd tbe thier @kial Preferably, ligand-based
deoxynucl eoti dyl transferase-nedi ated dUTP nick end

mpdiofelggiss aepyisedoffor argeeniggpiseat izandrbased drup detise see Bacilieri
f
(B it R BARI Ay RSl WRARAL 3, NI EE! b Sepbiber 2005
tp‘;e 158166 Ed ), thecorsert pf tvhivhtis desrporAEd Hettifbyptizgdnse).
cell cultures in vitro was determ ned by using the
[0091] Cel | E%bféf@%de&ﬁlbd?ﬂn@w §ﬁu5ﬁt§taﬁﬁoﬁﬂﬁuﬁ%—§&mﬁl deffionship (QSAR)
I ndi anapolis, IN) according to the manufacturer's
i angdysiscisi psrformath (for armviawaess adapiatien; anidcatdrpordtion of somputational

taone [
rbAPEREuAES ARutibpul KenbEotsTd af v lopin Ghom Biol
cR0T6NuA PEEAY:843-51. BubEI0P6 Juks ik boritrtof WhiEH & is@Rplestcd wherein
with 1,000 cells per well and read at 405 nmin a
I\}PYclieg‘ﬁF%eé Aut or eader (Model EL 311SX; Bio- Tek
Instrunents I nc. VVnooskl, VT). Col ony Formation
g1 gl asco 5 grayapng agcntr ansfection with
srmll |nterfer| ng RNA (si RNA) the cells were seeded
[0092] i nt o Iniaxthivd|dspgait,ahe preatnt2fentioh lakopesvided dompduhdy useful as an ER
conpl ete cell adherence, the I1s were exposed to
G55 A8eEHAHRR FERD A BEhe SHEFLAPTRIE ( he drug was
removed, fresh growth nedium was added, and the cells
were kept in culture undistur n“ &?r 12 to 14 days,
[ [ [ | s spawned a col ony
WO 2008/ 118991PCT/ US2008/ 0588 of proliferating
, by'Rgt ai ning for 4 h
anol ) and then count ed.

R1 8 RT
NN Re
0
¥/
R1D s\ /R12

wherein,

R; is methyl, fluoromethyl, difluoromethyl, trifluoromethyl, alkyl, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl;

R» is hydrogen, fluore, chloro, bromo; fluoromethyl, difluoromethyl, triflucromethyl,
alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl, polyflucroalkyl, hydroxyalkyl, or

carboxyalkyl;
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Transfections with Si RNA [00116] Cells were transfected
in six-well plates with the use of Lipofect AM NE 2000

W@ 209gi11899gen, Carl sbad, CA) according to the PCT/US2008/058323

[0093]

[0094]

[0095]

[0096]

manufacturer's instructions. The different si RNAs were
synt hesi zed at the m crochenical core |aboratory of

he nlver it Squt.hern CalifornialK.
Boc b Hebitedlly, SRU el ik eRhfseig 10 hidrBeet! fluoro, chtoro,
wer eabiogld, Gillox s, AN, tfﬁfo@:ﬁﬂ]@d aﬂlﬂuoroalkyl trifluoroalkyl, polyfluoroalkyl,
greenfluorescentproteln 5'
CAAC{txﬂmayaDG¢¢qag@@W@yqi3d(®@h@&§hqmwemgt-

@A%%P%%ﬂ%@dﬁé@céd i b Ef’o%BSc%)mstmg of: hydrogen, fluoro, chloro,
bromo; fluoromethyl, difluoromethyl, trifluoromethyl, alkyl, fluoroalkyl,
difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, carboxyalkyl,
atkenyl, alkynyl, cycloalkyl, heterocyclic, aryl, or heteroaryl; and

Ry is hydrogen, acetyl, acyl, alkyl, fluoroalkyl, difluoroalkyl, triflucroalkyl,
polyfluoroalkyl, hydroxyalkyl, carboxyalkyl; aminoacyl, aminoalkyl, cycloalkyl,
heterocyclic, aryl, or heteroaryl.

Preferred embodiments are compounds wherein R; is trifluoromethyl, while other
preferred embodiments are compounds wherein R;, Ry and Ry are hydrogen or
compounds wherein R4, Rs, and Ry are hydrogen, as well as compounds wherein R; is

trifluoromethyl, and Ry, Ry, Rs, R7, Rg and Rgare hydrogen.

Other preferred embodiments are compounds wherein R; and R¢ are selected
from a group consisting oft  hydrogen, fluoro, chloro, bromo; fluoromethyl,
difluoromethyl, trifluoromethyl, alkyl, aryl, heteroaryl, fluoroalkyl, difluoroalkyl,
trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, or carboxyalkyl.

An example of preferred embodiments are compounds that are structural analogs
of 4-[5-(2,5-dimethylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide
such as: 4-[5-(2,5-di(trifluoromethyl)phenyl)-3-(trifluoromethyl)- 1 H-pyrazol-1-
yl]benzenesulfonamide and 4-[5-(2,5-dibromophenyl)-3-(trifluoromethyl)-1H-pyrazol-

1-yl]benzenesulfonamide.

Referring to Figare 19, two exemplary compounds in accordance with the present
invention have shown surprisingly potent cell killing effect compare to DMC. In the
figure, DMC stands for 4-[5-(2,5-dimethylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-
yl]benzenesulfonamide; DB1C stands for 4-[5-(2,5-dibromophenyl)-3-(trifluoromethyl)-
1H-pyrazol-1-yl]benzenesulfonamide; and DTF3C  stands for  4-[5-(2,5-
ditrifluoromethylphenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide.
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Si - GRP78, 5' - GGAGCGCAUUGAUACUAGATT-3 ' (sense) and
5' - UCUAGUAUCAAUGCGCUCCTT- 3" (anti sense); and

W@ R00gAIase- 4, 5% AAGUGCCCUCUUCACAGUCAUTT- 3" FGENSMYP8/058323
and 5' -

[0097] Another preferred embodiment, the compounds are prodrug compounds that can
be converted in vivo to an ER-stress aggravating agent that can act as a SERCA

inhibitor. Those in the art will recognize such compounds as having the general

structure:
R, At least one group
Rs R1-Rqz
R3 R —
Ry Re L-COOR'
R, \\. Rs Ry L-CH,OCOR
Nn—N Rg L-CONR'R"
//O
Rip //S\N/Ru L—CH,—0O
Ry ©

L = linker {e.g. alkyl, alcoxy, PEG,peptide, etc)

= peptide, biocompatible polymer or
nanomaterial

* possible in-vivo cleavage point

wherein at least one group of Ry — Ry; has a side-chain selected from the linker groups

shown above.

4. Pharmaceutical Compositions Useful as an ER-stress Aggravating Agent

[0098] In a fourth aspect, the present invention also provides a pharmaceutical
composition useful for inducing or aggravating ER stress in a cell to trigger apoptosis in
the cell. Embodiments of the present invention generally include an ER-stress

aggravating agent, and a pharmaceutically acceptable carrier.

[0099] Any chemical-based ER-stress aggravating agent described above may be suitably

formulated to facilitate administration of the active ingredient. In a preferred
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AAAUGACUGUGAAGAGECCACTT- 3" (antisense). Cytoplasmc
Cal cium I magi ng [00117] The cells were | oaded by

W0 pwehodng themwith 4 Anol /L Fura- 2/ AM (| nvi RCDYEIPS/058323
for 30 mn at roomtenperature in external solution
containing 138 mmol /L NaCl, 5.6 =ion KC1, 1.2 mmol /L

HEPE

or TGttt R sresoltavarhie OB is ooy Fine i encr formula
anleo HesribéEinrBel fiksd as et auasagldag gintizeutidadly @blesaleliceof.
treated with indivi dr ugs or 10 s, er eas

| uor S t j : :

100100} vel Eﬁ*;ﬁh%ﬁvﬁﬁ@ﬁ%&%@%‘sﬁns%ﬁﬁ 450 BRaitle with e chosen
Padtive ingnedicor mvy bF Isbitalbh asehi Befa@tily, thGrafrier fis ogg suitable for oral
GE%IW% to provide illumnation via a Zeiss Axiovert

scope wWth a Zeiss Fluar 401 oil objective
Ze| S Jena, Germany). |nmages were captured
5512B CCD canera (Photonetrics, Tucson,
controlled with MetaFluor software (Mol ecul ar
[00101bev| chsa fin asReat; ethe Gagsent inyestigy alge qu‘pgldcs‘, anmethod for treating a
f t,he i es obt ai

&ﬁg&‘é%néi}t%%t h%fpav{g?t by dg%lgc? argnggﬁ Sgs'sm?? 1Pﬁglected diseased

cgﬁlkgmdyﬁsggepa@@tosiﬂmﬂm@ntrati on, according to the
princi pl es devel oped by Gynldewicz et al. (31). WO
00102008/ 2.8IRIREN JSA A0S/ 1093 2helr S9hd pRUATENenfbn MRl th
[ K/I [00118] Fouar- t%%g Weeégpe %g a- thyr%nc %[l}%énuet ¢ general
mtcps wéraelnums@mgdaf plmmnaimnaaily( keffditarcapmioiist, of N) phachaceutical

ORRRE FRSg o 8 BulR 2 oDy BRH favention déscibed above.
A&k FEHAL O In@icih g 504g o8 vanhH ERUteBOaeBRtiA 0 Sh dlitbhts set forth
treatment for several weeks, DMC or rofecoXib was

g fhast laspask ofi he WPreseoiviveBtongidygbs erital; adaptedyfbk greatment

f r growth was nonitored and
rﬁe{%tg?g&gctg %é%nér egy’?g For the anal ysis of
hort-term.effects of dr expr es

[00103 umrIncaepqef%gtqﬁnl?qﬁlugeqyoﬁx%égs% cells apein 3 gtlét%nofa&g stress prior to

ARk@hRirAdd MhOphFmdeetieAcRostibRNS i n pl asma and
tunor tissue, tunorbearing aninmals were treated Wi th

0, per .
10010457 e icog 8F o iRefEeste IOl ELen S plefloadhags ppplicable to
ratsfoernt b disehsegwhsthtnyin 1Re pathio genekis Bﬁlud@diﬁré%ufﬁdtioﬁtdf@ﬁoptosm as a
into the stomach with a stainless steel head
fOBHTtvg A Srsghanigmo b ereferrl apbadimpps, canggis hedaetorieg disease for
r h h
g repen ERLS, WEife TARE L6RMich, " Ich iy Gorkb 3ot may be
cpplieate thdwle glivdlasginsa nluttifaithe eb(tpmtldammﬁcsna tpa@creatic carcinoma,
agigﬁ{slmere cl osel y,moni ored Wi t q regard to bom¥
bR 1YBBEP R DU GCIahe BRTetP Biostafsy cancer, colorectal
tcaxéer] M¥tastic BichitRhfNE SRcfhyRE N oRd rd'r'l% Hs%%? €hncer, but are not
control animals and drug-treated ani mals were
dumidesk theretoext racti on of Plasma for Liquid
Chr omat ogr aphy Mass SpectronenyAnal ysis [ 001191BIl ood
[00105was caidtleat emhbbahnfeapajﬂ [Hez pebseiydel Mp@ation i ingoloey dh@dreatment of
ncture of nude mce, The blood was allowed to settle
gﬁexper&s&st&@ P Lhye 1t1% Ililﬁaﬁlopo WF%W@&E’WH and angiogenesis. In
Q:ﬁ@ﬁl[)fegfé&ﬁ{ TuRfbr k1L ¢ gc‘ﬂfanrri' o Hotg‘és %gsw% therapeutic
pl asma was separat & fron1 e ce an ransterred to
a fresh tube. To establish3% standard reference, 25
j.iL of 1.0 14/ nL DMC or cel ecoxib were added to 50
"IL plasma fromuntreated control aninmals. For the
test sanples, the same anount of DMC was added as an
internal standard to plasma from aninmals that had been
treated with cel ecoxi b, whereas the sane anmount of
cel ecoxi b was added as an internal standard to plasma
fromaninmals that had been treated with DMC. After
t horough vortexing, plasma proteins were precipitated
u3|ng 425 'IL acetonltrlle and vorteX|ng for 1 nm The

e A NN o .



were transferred to a fresh tube. The sanple was
evaporated using a steady streamof air, and the dried
WO 2@Bdse9Inas reconstituted using 150 'L of nokGT/ES2008/058323
phase consisting of 80:20 (v/v) methanol: 10 nmol /L
amoni um acetate (pH 4.5). To reane any undi ssol ved

r Qg p:,lltaﬁ]%? b ?%Oﬁ&%%st@@ug § nt ol fu enqm%}ﬂy used for

t gl&b’tﬂﬁ%rﬁ@ ehulltéfofné (@BM)H]}@ y. 198 tﬂﬂl@f @dsbﬁl@ﬁﬁe plovRRS e nutrients,
sanpl e were_anal yzed in du i cate by

cP¥XEeRtasgrelb Ry theaenyitgpment I gucovhzo lmef@@t agentsnihat destroy
h@g%@@ggoﬁl?({ebﬁ%g d"gﬂ"1 ﬁ?lg%ﬁaﬁlg%ﬁ y sys %ké%ﬁlg%is

echn Sant ara, CA | ed. onto Sci ex
10010655 " 3606 Fishe” GBediEhG thesAlrar MR G SB BN P e rcthod or the
( ORI BhOp flcBfFhic rinP st @Jncgﬂstlﬁvol@ﬁ% theshdusEsh of optosis via ER

separate the anal ytes, a Therno HyPURI TY C18 colu
(5038& r@penwogﬂﬁﬁlm @lnne vherr n@tnbmsh@r Wi eomyeritional chemotherapy.

The phase
cBfecs PP 5t VoGl h T PR “ipsmof cspeciatly
agi¢tiailietolipddt darfeprs tH'ahQlofﬂoDWSpcﬁidawélDtoﬁﬁiéﬂfoﬁIe&aﬁyhﬁlch as glioblastoma
anal ytes was 350 4/ mn, where the retention tinme for

Deltifernc 408K tMARY ea8ce Wil ogterew nihgir blood supply, where the
r i «
tﬁo@r@%ﬁfeh&’eef&ﬁp g%%&%ﬁ toﬁg Vl\}a\églrogc }:CQ&QI‘ 'EIIIJ 9&?1%%1?9&\1/18 ré,ltt 9[1[;]3 necrotic
. ard hesuhléy efuiestenDdellg nekposdde coxhbadiesd mtteoenvuonment of low
transitjon i onﬁ 394, 0 4 330.2 and 380.0 4 _316. 2,

r YSgeRAOPelA PRan] e BluPesFe | ADFORSERISRFS PLUKS Wipsepl cnvironment,
t ik §:é§&aﬂx%@§h. aktl shedrat

[00121] Dl\/[:a IS a?ggllt ose st %ﬁct u;[g’ ﬂlg{r‘{gltlggtﬁgsso Sttlzeeeré\ggomrbem high
t iesistaheeclevelt (feGRBYS ist gXptEESSﬂdﬁhl duirtive. COe. pe'f'mecrotw cancer cells are

i nvestigate er_this und_ woul

iR R aBR ra e SRR Pisdiat e erfiyn Sich typically
Waidat faividl lif & ﬁ@g’@énlsel WI th cel ecoxi b, and

detgtgrm ne}éﬁ{ohle gxpr eSSI on | evel of CHOP protein. CHOP

s
001072, 3, BR3P0 oy RO lnciers LB A o g amors
&frt aot pRssitle oaty C(tﬂventafnal ehemetherapyl Thedsoad brain barrier, although

wel | - est abI i.shed in of ESR i_n our _experi nental
ﬁ?’ U B af ?*—| @8? stugnor, dpterfasee silly iegsdss ofipp access of

V@l’éﬁloﬁﬁkﬁ U RIS @hby MORGE:, Gelditiddat gslyid?&lﬁsélﬁ%therapy targets

breast carci nomm, pancr eati c carci noma, Bur
| ppidho rmaolifgradingu Cancpt ecatly.e |G, cldwever,nés . heldrogenetst Hin nature.

?eaglﬁé%glf% b?’%@ﬁﬁ\ﬁhgﬂuakﬁ%t gegt E}E?E}Sﬂl}}o{tlﬁgﬁhou hp%lerlle%ro 1c|rl?m and an

ghiAiashedmaraed B ' SThi¥ rofie! tind |hﬁ§3beenv\@tholog1cally
2008/ 118991PCT/ US20 8/ 58323 [00122] To eval uate th

edesathed c's‘ﬁ the, psoudepadipades seaoin paskalpgical, Spmn@nmrygwlastoma (Brat
"ﬁfj e{ ! ﬁﬁ%%@télo g% t%bn’} %}Eﬁﬁtﬁeﬁ%f ﬁlﬁpr%{iﬁﬁloﬁ prgdmonally target
tthap@llga&@hl@nz@hptdﬁlﬁerb)mﬁgJ turadr sdlsciapihasifitegfaédRof normal brain and

Ca2+- ATPases t hat |s frequentlf/ used as a strong nodel
Stl

THAGE B35Us{ 1h enitzsis thecmplighagb eeliSin dag RRIMGFIOHC dirk RE orivesn tumor
Fap) S

gglgtrz gg?ég %?(flgl\s/fe?ihéf?o : M%%H%SEB% algﬁ(tj R@tglghtj:a E&te&tﬁp% b Getivated.

ESR- speci fi c caspase, were anal yzed. Flgure 4 shows

that DMC and thapsigargin stinmulated the three

selected ESR indicators in a simlar fashion. Both

CHOP and CGRP78 were substantially elevated, with a

prom nent increase noted at the 6-h tine point and

thereafter. Activation of caspase-4, which was

i ndi cated by the appearance of the cleaved (activated)

formof this enzyne, was first noted at -24 h of drug

treatment and persisted until the later (36 h) tine

poi nt. Thus, the stinulation of the ESR was renmarkably

S|n1lar betmeen DNC and the nodel i nducer

o, . 1. i " Y o R A~



[00124]) Due to the striking simlarities between the

ef fects of DMC/ cel ecoxi b and those of thapsigargin,
wapiosh189¢1 known to | eak cal cium fromthe ER anBCT/US2008/058323

generate a calcium spike in the cytoplasm we next

determ ned whet her DMC, and several coxi bs and NSAI Ds

I pocopparisan,. uld i pduce .su a, response as 11

F0peE TRl Py (B HECIMET y BnEGPBRARY o R o i the dormant

expel atorh® cdllDin' 1 etihe@aiid z6HeUlggird ffl giohe ahd) GivaadS 8gdif, repeating

c%/t oplasm ¢ cal cium|levels was neasured. As shown In

Fihgurecess. Bnemesbanien of dxmant eqlsactivatiqs i yetyrdailar to the concept of

B HELTR Sl B8 SRR e e e
cGxinliar toribé eet viakcuddriked alrd@c@xion) aercut dadght themaic lower level trees

Ng],iAl j?s (f Lur bi,pr of en, ] ndo th%ci n, and sulindac) were

2B RONT PPTNSEFOLS 18901 G oWl b §HoBhIR dHTReyY Qgrefegaive the bulk of
| edufilighthUhe dMMeRE i%k@&?%@\zﬁﬁ%ﬁ%fﬂ“ﬁtﬁ iH@re%%H GiHsn into the
able toommc this aspect of thapsigargin, and the

poereral bediev afhcogliakflastoma aells mpthagreriveaatic izome heweebsenbyreviously

these drugs.is entirely consisitent with.the generatipn
AR Ty B Pered TRl loins i ESodie o The o oxygen
ap:Akial SthABYd [PidBeRd it | tHEN ReRKerbfit Péne, GRI &glb;@ﬁes&v fi0Mrs.  The
was sonewhat ‘greater than what was neasure or

cedrggoretip, coble tprelifieratel sighifrcenidye lesa sandoexhéhibiniage icell depth. than the
si@nhficant .. h ver.overall gal ci umrelease (Figur
SR el B R WAl iR, NS O By ot

| gispley indredvedYhiordtid0] dhd Tacrédibd RedreSoDSF APédiAé @nififes associated
unj queness of DMC and cel ecoxi b co%ar ed with other

cWithssll Antpsiqua(Binal Dhee! idx Canery diasi 4fite 84ni0-T ke entire content of
Cdhepdi drugs woul d conpare with
?ﬁgigg\{%ff%grﬁjégr ngélgiapgifgre%lr di ti onal NSAIDs. First,
treat.ed cells with. d.the.three. coxi bs .
10010812, ( BRYBE Fprdisiireriing (05 HUEGIATy S SRdrarding can be
t HRaIB&P S Rif@Bnde ¥t ebrtah dpRBfERRpRESwhitdl £t Hovided herein f
pr otlei nrb%—!CP. I,IA_t 50c gpeDl\/C g_enerpgf;%ed a EJ_I‘ Qn%ﬁ)ﬁlcgd e _Or
| Fipeses oY idusteatior, ongii and igsnateintendedite bes limating uakss otherwise
hS %Ei‘ﬁ%& the onset of drug treatnment and continued to
increase up to 24 h (Figure 6A). Treatnent of cells

with 50 pnol/L cel ecoxmgd inasimlar kinetic

of CHOP induction, alt overall levels were

oti ceabl e | ower ¢o d wwth DMC., I n contrast
_ﬁw{m@i leiuprag n&at'% $ERSS 25 B Mpior ifempgngnt of tumor cell death
ingnesshby 25 dimethydrselegexib (DYHY), advoaceoxih anadpgopf celecoxib
SISO Mdmheay € 7A) . [00126] To i nvesti gate whet her
ESR Tnauctton coul d possi bly be achi eved at hi gher
MoRsgpat rations of rofecoxib and val decoxi b, the cells

were treated with further increased WO

008/ 118991PCT/ US2008/,058323 ncentrations of each

(001095, o CHlERR LT . 85 ohodiiSTA R BUPESB. - dHomRietiy - H-pyrazol-1-

GATRRAnEAFoRRSIdRS (249, aOMEOR hidiBb/ dmchRllt flogef GRE%I Be 5-aryl
nor val decoxib was able to stinulate any detectable
imeicwades i becai aliered GpOReplacigRPFengshdpbényl with 2,5-dimethylphenyl,

conpari son, DMC and XI of ent. y .i.nduced .t he

SRS on' o botn i e e grOBRFID Y artERER S 1 pyrazol 1-
BWbenZnOsudfthididee20, 19) eBéthgatpduidieweel ghihesisd i Qlfr laboratory
ER stress induction and cell death. Figure 8A shows

that 30 and 50 unol /L DMC gbtently stimulated the ESR

as indicated by the pronounced induction of CHOP

CGRP78, and caspase-4 cl eavage/ activation. In parallel,

three variables of cell gromh and cell death were

i nvestigated. First, a colony-form ng assay was done;

this is an indicator of |longtermsurvival that reveals

the percentage of individual cells that are able to

survive and spawn a col ony of new cell growh. Second,

the traditional 3-(4,5-dinethylthiazol-2-
y1)-2,5-di phenyl tetrazolium brom de assay was used to

I -



WO 2008/ 118991PCT/ US2008/ 058323 [ 001291We next

i nvestigated the contribution of the ESR to reduced
waeneenissel | growth in response to treatnent w REI/DRAG085958323

cel ecoxib. For this purpose, we applied specific

Si RNAs to knock down the expression of either GRP78

representing.the t.ective Jbranch o he ESR r
CAERLERETS PRSI MR mraRhR 16k B A By o™ and ret. 19 for
GDMb). asiaeRedrag! was WRs@véd anTMsoes W hhbes gsetiRNARition). For
and treated wth drug for 48 h, and the percentage of

s tinldeapiyy (2o land rofgsoxde(ontoramergialiraplets efsBexdra (iger, New York,

c f i ' . . n | .
RO LT R AL 30D, R et i 120
t tredieinitégeate nky exdipivay gad thenagive digrelignieaad ddpsleed iic DMSO at 25
si RNA wa ] rmed by V%sterg$bLot anal ysi s of

ngl&lge_ n%%alftwm qugt Ry 1P @)gpé)(ggbe_r that was synthesized in our

. _ it
RGP e ¢ LPAREATRJRES 29701 5MNA SEHDS v
Fpurchas¢ d=om SigRNA(Stt heuispldbyi ih pomalsredbioem \aad : disselved indMSO at

t the sensitivity o S drug treatnent,. was )

P Dbt Toprsigdtrdand PADTAC a0F et byt Sigie and dissolved
t EBMBRN AN drig$ SeRCAMH 1@ theIME Wtrd MEHiBASRCh MARREr that kept the
caspase-4 expression was di m ni shed by si RNA). Thus,

t findeonespiration efgrobenifRMSNs08YP.r ent nodel of ESR
where GRP78 represents the protective arm whereas
Cell pasas and Gulfpwre Epoditions c and necessary for the
execution of cell death after ER stress; our results

[00110] ndi c®ogt tcbidtlidl/Gradobiained Ok théeARRMREN tRPe Culture Collection
protective effort by GRP78 and i nduce cell death via

t Mangssasy Vayi e wereguepaestedingdoMEN 1oy RPM 1649 |(hifa fl'echnologies,
e [4t ' t ' . . gy

o80T S0 FLDRBIS, L R S Sl 1D i peniitin
wendu 9eld nép/mén sigempdmyeindia avhiseidifisdoincobdel aar3d°C and a 5% CO,

i nvestigated the expressjon of rotein in tunor

¢ FrEOSRhers. chie #Hiablasioma ek Jé‘éPS\?W%ﬁ PNLIP29 rees: Biovisled Ay Frank B.
S il ' 1 b C

S B o RO TR PSP Rl LANIR, C

ﬂﬂ%ﬁgﬁﬁbggngg%ﬁ AED! treatnment). In contrast, when
s Were Ted wt

ani ma h DMC for 50 h, there was a | arge

i ncrease in rotein expressiop i.n their. .tunor e
00111 S SR, 14T ke Rebrefimet By v P o B sfgic inoprecipitation

r REBC BN, (281 afid GRotbiCloRa&Rraioss ARRCda(@thifdd Mgeﬂl%oc)ieinchoninic

In addition, the highly el evated anmount of _

pacdd proteinssey repgent Paercordtncktond.rId) ater Wiistenn blot analysis, 50 Ag of

significantly increas a (S N _the tumor tissue
P s e o PRI PR P OB SThC i B0 SRt porhesed
direia| Gl SikeamaigeTechaegiss Bev@H9PVY] Safrith) Chémik@) (Ann Arbor, MI),
Furthernore, on | onger-termtherapy of tunor-bearing,
i Aants GuznBiateshaploprclng: (Semlacexizn,CAY apdcused according to the

>Da 00 1 / 0 3
AR rch 8 reBintenddRr” e SONTRY, GGy e cguried 10
| Hoxseradish pemdxidapetand tdetebied ibydhemilominefcemSiRusng the SuperSignal West
PO TSI o h T IRUTHIGS  BHB PR DRt once to confimn the
[[BQAaR11Fi nal |y, as an extension of earlier
phar macoki neti c/ phar macodynam ¢ det erm nati ons of DMC
and cel ecoxib in nude mice320), we neasured the
concentration of drug (DMC and cel ecoxib) in blood and
tunor tissues from our experinental aninmals.
Tunor-bearing animals were treated for 2 days with
dai | y dosages ranging from 30 to 180 ng/ kg DMC or
cel ecoxi b, and the absolute levels (Cn)) of each drug
were determ ned by liquid chromatography nass
spectronmetry. As presented in the Table 2, nmaxi nal
drug concentrations in plasma and tunor tissue
i ncreased as daily dosages increased and reached peak

o o s -~ "




WO 2008/ 118991PCT/ US2008/ 058323 [ 00132] Bortezom b was
obt ai ned fromthe pharnmacy as 3.5 ng Vel cade suspended
WO 2008189 sal i ne (M 11 enni um Phar maceut i cal s)PCT/US2008/058323

Cel ecoxi b was obtai ned as capsules fromthe pharmacy
or synthesized in our |aboratory according to
E}{:e\/i O{tks h%ﬁ bli shed procedures (24). DMCis a close

peep 'Xgue of cel ecoxi b, where the 5-aryl

i ety has been al.tered by re | aci ng 4- et hyl phenyl

00112} |, Yomvegiig P p}ﬁfﬁiﬁyﬁ ySig 1) @r%tsmemﬁ%fswasmstymoﬁwufédvas done

[ I
8 b LV BEBPAIAN b B B2 YR He UR VRSP L aboracris,
DB’Bﬂinghm&,OC%‘mbdrﬂm@smothk mmiuﬁsidturm) s amtruadalesd Thistgrecedure uses
Cﬁllqlg.gﬁgtlleagécg)ﬂ %rgfl aglgbq}:gfﬁa n}%e O@nig &W1$ pi)l()ttllgl%a]‘:eldne%lzyme complex
Ci¥r Bad BQénbtetnﬁE&' tﬁ&ta{/i\ﬁﬂ-yloﬁﬁ cfoh‘faivé'cﬂ hefhoat REHiGRI As the primary

cel ecoxi b, and | ack thereof was conflrned in
viuttibodyi whused antiS31QP aplibadyi (SanteOxu2Biwteshedlogy)sblbited i 00 in 2%

exa 2 Cell lines and culture conditions
Bﬁ%%?%tlbﬁ)cgf sSLWé’?e propagated in DMVEM (Cell gro)
%P nﬂgted wth 10% fetal bovine serum 100 units/nmL

‘é@ 15HF MEASUTERE™E. 1 mg/ nL streptomycin in a hunidified

i ncubator at 37C and a 5% CO2 at nosphere. Four human
[0011313| i obf\ReRtesiH ik dpmor sersiong 2w easypR) quaptigtvelinwithighamse of the

DAL e SRRkt MR el e 0. 1
f omipdnbets AvethiCpdcddupe werd froth ahdalpbpTad Hi’hltLﬂAB@ﬂos’imDetectlon kit
U251 were gbtained from Frank B. Furnari (Lu

| Ghemicane  Semesiiy o CAge SEBiFk hWat qused| pepording o@?@ amanufacturer’s
expr&ishon | evel s and drug effects on prostaglandln
productlon in these cells have been published

[00114E_ " "SPouosi iy <ol SBFes2I, it Ava; IHRAYISLPY ding fhg Cell Death
bhewttils FISTEA kit (Roche Diagnostics, Indianapolis, IN) according to the
[00134] 3- (4, 5-Di net hyl t hi azol - 2-y1) -2, 5- di phenyltetraz
ORRRHRGHISH dBSHUGHTDS. ﬁ weraésqaeﬁpﬁeﬁﬁ@lbf fefedp thgohistone region

p Pﬁt %%AIN fgngE? Cr elgﬁ) gt e‘%ﬁgﬁ‘ﬁ)&e Where O?l%g?&&@eﬁpes that are

dl@&hkbd&lurﬁg A4poptbsis] Niletyssivvaved] glhtas atérd seelét with|1,q9l0adetls per well
i n quadrupljcates at 1,000 cells/nalL (100 4/well

rRih Tepdy 2 t‘WéyHWer”e 1 {Migreplatsj Antrpasss (edeb Bl %H@X Bio-Tek
%M@lﬁsf;[ﬁg w;}lgoggleeﬂwce of hi stone-conpl exed DNA

fragments wth the use of a commercially

Colony Formation Assay

[00115] Twenty-four hours after transfection with small interfering RNA (siRNA), the
cells were seeded into six-well plates at 200 cells per well. Afier complete cell
adherence, the cells were exposed to drug treatment for 48 h. Thereafter, the drug was
removed, fresh growth medium was added, and the cells were kept in culture

undisturbed for 12 to 14 days, during which time the surviving cells spawned a colony
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WD 2008/ 118991PCT/ US2008/ 058323 avai |l abl e ELI SA kit
(Roche Di agnostics) according to the manufacturer's

WO pBns9Pi ons. The kit was used in a manner asP@mUS2008/058323
specifically quantitate apoptosis rather than
necrosi s. | nmunobl ots and i mmunohi st ochet ni cal

SREPDY Bl IS, Ok isp SErenlRLE by TR L L U M Pimethylene
(B2 (in!ASHAR SldQRAEMuaRY. anal ysis of protein

expression in tunor tissues was performed with the use

f ,}s‘{@tiyﬁscgvgﬁwAavi di n-bi otin conpl ex nethod Kit
?\7ec or

Laboratories) as described previously (32).

foo116"c PR hs PR T, ST EMAR R piec Bt g reerpane 2000

aflflviudeeh, TeRbAH, TA Y & cbiiendRMhE afdruiftSer’s instructions. The different
reconmendati ons. All inmunobl ots and stainings were .

r EB & SeWer: synEhesized gk dha prigrelicmisgliqose Jabstatery, of the University of
T. i nal C L ey -~ i .

SRR CHBGICNERH] o BBt BBk ol T s
1@6rk3 2t Afalfitwss i SiRINA t tangateds eatt igoses fhsraseas upadein  (si-GFP), 5°-

Bt OFaaE  roai ot BORUTP nick Wa 5

| aRel o chBMNELL AASCaYGTA-S> ConPaRgfessdor thig Grprs, 5.

procedure were fromthe ApopTag In Situ Apoptosis
DetediCORARTIGADRM AON I T-Whi ch was(sss®d accordiand to 5°-

t f 'Sl ,jons. .The percentage. of

TR AP AR BEa ORETEL R Fintisroebor | 81 wagi-cespese,
deherNGGedUCIOUTAC AGUAA NGt oM cr ogsaREs taken aaf 5°-
200 magni fication. Transfections and col ony fornmation

a8 S GHOVSHIFAA e 6@t T Edufantisense) f eri ng RNAs
(si RNA) were synthesized at the m crochem cal core
Cetoplasmitr Galofum hmaging ver sity of Sout hern

Californial/ Norris Conprehensive Cancer Center; their

[00117pequeTiges:liamerdRaded Bethchbuting fthend 2vith 1 AR®I/@FirensAMIf (Invitrogen)
cells wwth these si RNAs. and subse%,uent anal ysi s of
cler B0 gpin\at yegm Agmpaatgrs ity Giteraeli soltivacoptainine 1 B apnol/L NaCl, 5.6

F beei nod | wh emg]%g . re n
%ﬁ%@ﬁ% gg:l’l[ 381@‘5‘?"%?)‘5‘{% ] %% wee -%‘1 ggg%?eﬁa]?’%drfr}iichﬁ]ss’ and 4
nufmoirLngloepsegpHE bt anfiedlohding therdells vaenel rinsed and transferred to the

imaging setup. The cells were treated with individual drugs for 10 s, whereas

¥

wh

fluorescence was elicited with the excitation wavelength alternating between 350 and
380 nm, using a Polychromator V (TILL Photonics GmbH, Grafelfing, Germany) to
provide illumination via a Zeiss Axiovert 100 microscope with a Zeiss Fluar 40 oil
objective (Carl Zeiss, Jena, Germany). Images were captured using a Cascade 512B
CCD camera (Photometrics, Tucson, AZ) controlled with MetaFluor software
(Molecular Devices, Sunnyvale, CA) at 0.5 Hz acquisition frequency. Ratios of the
images obtained at 350 and 380 nm excitation were used to show changes in the
cytoplasmic calcium concentration, according to the principles developed by
Grynkiewicz et al. (31).
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inmplanted s.c. wwth 5 x 105 U87 gliobl astoma cells.
Once tunors of -300 rnnB had devel oped, the animals
WO 28il189el drug treatments. Vel cade was gi ven aBCHUS2008/058323
singl e dose 44 WD 2008/ 118991PCT/ US2008/ 058323 vi a
tail vein injection. DMC was given twice daily (one
f t he pse every 12 h) via direct
@ f@’f’?ﬁ’fl gﬁ”f‘%f "he stomach with a stainl ess st eel
bal | -head feed| ng needl e (Popper and Sons, Inc.
[00118k ¢ or Fourt dPa -vsekobd fmale peEhwRichapEu el e |0Ma@@é fag Harlan
t Sl &
H bitapR ’s, %kl h%te{dosrc %ﬁl ¥y f L|F§7 n%l clblastonaa cel S as described

exper | s Were cl osely
r ﬂgmtai}selsml’mw@z)@cghhe détamdnaxmfrtpinm provahdurihg mmmluous drug

PSP gt PEFEV e, PHIC SR oige G RepsRaigd o fhgcfaly chow (150
ﬁlﬂjf[g{’l% for "BV, 080 GRL/RE- foB‘?éfébéﬁb* 091%13‘911‘1@ 8845 W Bmonitored and

or ne represents a artic
diekbided las -deseribed 432)t yipe tbé asapge of whartrtatinsetdcts of drugs on CHOP

PRy b B Gl B pR ot anics P eGEpigon of drug
c@ﬂceﬁﬂaﬁ@ﬁs aSplasfRERd nirfor (RYRS tiHeHHe jisalksivedde treated with 30,

effects of our sel ected drugs. To establish the
c¥hdeh: pri $bmedts eladmgdeuday FutS0laugagh raimgl regeivegoome half of the

' @Jf dos%: QP tl'?e re ]?éc C}V% Idﬁ]gta |€1§>J gg)vua % t'aEl m%t;a%i%slqgto the stomach

eac ezom

cwitk cacsmb],esmtedl hallhend-feeknd nealle(mppb; miaﬂ;@gpmct)lm:w Hyde Park,
The resulting 1C50 after. 48 h of treatment wt

A8 gpinalp werersgerbignd/3 b pfier tbﬁ &ingpappl lcmmﬁdr%& @nd tumors and
T b d |
D%gﬁ/i %!v 2 &(ﬁﬁk%ﬁal\lgc% 9 g *sﬁ%eﬁl af exyeh?{%}lisy he (a]‘i_ip%%? ewere closely

or the L | ast oma ce ine
lidshitorBe eathsegdrd itd badyﬂvbighasﬁomtbambmppmbﬂ and nimitalpigns of toxicity;
totoxic in.,such t

E%Qel %‘;m : he %ﬂag%l e —Eri,e%ré gan ¢lanypals ap ngg—treatechatl)mmals were

r §REGSENt at ive multiple nyeloma cell line, RPM/8226,
for conparison purposes. As shown in Figure 12A and

SR et Rl ORI O e i,

re s ethan ast oma_cel
100119} 77 Blonl VS Pl el pec Bt B GG SbeTie of mude mice.
C’Fllld DIOWRI Sva8XglIviddt € YseBRNAEH kb fempbRRireZRF 10 Nl €dllowed by
pported our rationale for |nvest|gat|ng this drug as

tfeaatwal at @LQOQtnpasfoes rﬁamtrh@rdaﬁyThf phsma Was sgpayafed Trom the cells

SRR ] o BT B Pl 2y 0
dlDMﬂi ayedecaribl @0 adtﬂed 11516 Omtolblhimal frotdAireated édfifrolaminals. For the

T98G cells, whereas DMC vvas some t. nore, pot ent
At sempipsothestampnamouns Af JaM&ow 5‘%1 asmnlwégﬂ@gmdj to plasma

IR AL GNIEX HaR BeRH {dEdbRRl 88t SHALYS Yhe same amount of

celecoxib was added as an internal standard to plasma from animals that had been
treated with DMC. After thorough vortexing, plasma proteins were precipitated using
425 uL acetonitrile and vortexing for 1 min. The entire mixture was centrifuged at

4,500 rpm for 5 min to separate the protein precipitate, and 400 uL of the supernatant
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WO 2008/ 118991PCT/ US2008/ 058323 to bortezom b; Figure
12A) was overall slightly less sensitive to either
w@etsamedb or DMC (Figures 12A and B). [00142]AGQI/US2008/058323
determine the ability of bortezom b, cel ecoxib, and
DNC to induce the ESR in glioblastoma cells, we
ate I C oncent rat.i ons_ of
G AR LB, HCHRTL P ERGRO el s o

i ﬁhﬁil andtthe gried felsidub evas SR onBtituted @ QT 160 pll Gf ﬁld'dilé bi@fde consisting of
this drug al so stlnulated the activation of the ER

s$9:84 s(vags sthangh 1 fbrra@ab’bag@monagm peiatat@l fy)t H@ remove any
a g%ﬁﬁ 7
ﬁﬁg%@ﬁf;@%@& K vérljilei?y {vgora agg%r%ﬁﬁgt tLg’S%%m for 5 min,
cank #rt suptinatast was sasferrek &y hdikshttabes Tahlmistuditers of each sample
functio i Nhi i on_of the proteasone), we al so
i we&w@a%%al qupbicae %& :litaw&tqhaqmwgraahwwqwqtr%%
roteins. As shown in Figure 13A, the induction of ER

(001208 , es§0 daikuig opmoe G i ciob sappisa rargilent 1 HIOGHEY-pressure

eil oma t%/ge%rélq Y SYR CB’I %H%ielqy J{é‘ihglg og%sf%aélgaoggara, CA) coupled onto a
CScElé)E | /Qll’Ie GOW tthip]e h@uad A ttar@BmO mabR spédiafeter[ QA3 TBRsystems,
same targets were also investigated after treatnent of

cEogtey ccm /9iwasaped dioceprts the anglxtes, pfhgrmo SiyPURITY C18 column
L SRl L AL PR DS RS, SRSV AR . oo
pmbbi phéser ccmhlstedrca?a&(bﬁ() (‘aflvld naadth;ecmobé@anmelll Iwmonlum acetate (pH

Eol Db Tl s o SPERE B RIAFET 5150 H/RaS e e retention time
Off FINIEChnY &Ec%]wer@% SO | Ondith, FEERBRLy. DWEe a.nalytes were then

treatment resulted in strong induction of GRP7
OrePdansd istotthe S¢ikp ﬁxPéf.%O@%szdasfeww sétnnl nlmtagn@vd lloatmadm she level

S OME ARt SRl TR TR B sty ez B0 > 5162

@ph tmély T 18Wet l%ﬂél dﬂqhbhtlﬂtﬁu@ﬁ(mtﬁsb@wim{abhﬁlﬁed at 5 ng/mlL.
ani smof action was different fromthat of

Bawigzom b. [00144] W next exam ned the effects of
combi nation drug treatnments on glioblastorna cel
r owt [ [ ' ined... Yy
[00121p" ©" e@g&f‘gs s q\éé %ﬁ‘b%%fa?ce#@% BB H6: BAEPINSility to inhibit
cO0Zent Tainvestipatdavhethepthés esthpalind ppowld ibeadbée toChiduce the ESR, we
val ues so that pog ntlalﬁﬁ)enhan0|ng ef fects woul d

Vaélﬁk}%lPJé‘?ﬂr ol lgﬁwﬂ M ety 18 Paragel il seleenxay g determined
b SSheu Sy AT DRABRLPTHIOPSEL SABECHLE S of e SR
t dmait 1S|anxﬂncalil)d uadol\atdug the emumzmt off edluti¢atlsl after ERssteeks; etherefore, we

I,-}?St%%&a%%r\%vgb Fggbhsﬁ?f[%g{?@ f Egﬁvl% o%I? g}?pce?m?efntafl %ysﬁf‘em As shown in
2088 ke, 3 B WE@&OQW&% aBI%r’fQ 'pﬁﬁhﬂf fhadts @HOP in glioblastoma,

treatment resulted in noticeable cel oss and
dyprst @mcumena, paaerefic trarelgemm Buelﬂtmnlwn@bgmensndmnénple myeloma

co Iene b untln

ST e Thpah SRETHTE% fe i T P58, ABRuEn fecpliv scemed to
Fe- soAfewhbslebsepteeht itnDNIT i@ olibBlast®hiagng Bilikig s 1y ephomA tell lines.
allowed initial cell proliferation (i.e., increase in

cell nunbers between 8 and 24 h) and then exerted

presuned cytostatic effects_(i.e., the overall nunber

of cells did not change betteen 24 and 48 h). In

contrast, when the drugs were applied in conbination,

there was no increase in cell nunbers at the 24-h tine

poi nt and substantial |oss of viable cells between 24

and 48 h, indicating potent cytotoxic effects.

100145] The extent of drug-induced cell death and

survival was further investigated by cell death ELI SA

whi ch quantitates the anmount of apoptosis in the

entire culture, and by colony formati on assays, which
detern1ne the nunber of |nd|V|duaI ceIIs able to

. o o o o
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i nes and varying concentrations of drug conbi nations

were used (data not shown). In all cases, very simlar
wWo080me1 wer e achi eved, clearly indicating the@T/USR808/058323

conbi nation of these drugs results in greatly

i ncr eased cyt otoxicity and substantially reduced cell

001227 1o Y8 exrPOR U Prefan okt BRI I SRR We analyzed additional

CRIRLRR bPhd EQRXaxﬁQ&nﬁa&éﬁﬁHéoéer%&t Wit ahodNbtARERMAth the use of
where increasing concentrations of each drug were

cthabsigarging aminhibieor of kuesplesmid/ FRCall’ ﬂ”éEP@eﬂlhaklE [frequently used as a

veal i ng.that the. dr ination
<R e iy Pk G0 0% 168 e BEbIe TNIC or thapsigargn
[ ﬂ)@l{éﬂ&)ﬂéﬁnﬂ@ﬁh pafVIes hhd) e R picBEoPRivElR b SHOR TWRP B hh®8aspase-4,
of the ESR to the above-presented conbi nation drug

et ESRsspeqi§y vesnase waygenalgrads Kignee ¢ shawe dmmmctamé thapsigargin
S
-AFulcue R, BERI R AA0LE Y HAkCHon, paty 0P nd
\/\GRm&rwdry zabstardallg mlmmteldn whthgal |pﬁ)1ﬂ15¢ntl lmdlle\i:&ednkﬂhd dt ug: 6-h time
tre ments r sulted in |ncreas d exgressl on of GRP78,

?F&? n B?Y?éloproé&?ﬁ?é?ﬁ' hieh @28 inflicatgst s e gRpearance of

f t
oﬂ‘he tciEa%ecpgaQE%tEHI)efHﬁ{l Q)E pd;/ls :cﬁié’:r‘lll e g&é f&'&eno‘?écp lPBf §rug treatment

protein we y S|ng
t ansloparsisted untit theelater (B0 d) Simeoptgh'y Téhuev‘dnt:esdnhyanon of the ESR was

conbi,n n.treatmen ct|V|t Jun . .

R APl ek BRAEER RUIC A 4B piodeh hcos gt e, supesting tha
C@l@”@ﬁ@&!ﬂbeM@ RerdniRe poaht iﬂ“ﬂﬁ%sdoh%& ed with ant ' bodi es
specifically recognizing the phosphorylated (i.

t
[00123]30 ' Vﬁ ég@f&g}ﬁgfgaﬁ;g@ugf égg[ﬂ%% \éfﬁefg%p Qg&lgﬁgﬁtt c?ogﬂffre'mga{ah% of overall
rleetdirt syhthesig rie abohibination easle delettivélya dicradsed trahslgtioneof ER stress

15A), Taken t | t di cate that
PV, i AL briBPnad v TEFSiar TEEFGEGA Bl DMC and
%coﬁi@uﬁr&ﬂd%{p‘aﬁ%ﬂuﬁﬁﬁahﬂ%’&{ b§ 'Elefeﬁﬁ&n? ehcstbbRtion of 358-

alone. Simlar results were al so” obtained wth the use
ahethippe JattdnﬁtslﬂSlraudhteé proteina. et shewovin Figin@B, 48jtTdrugs severely

tabl | he induced ER. st. d cellul ar
e Rl B RO OGP 2o gt it DMC
I it ﬁdmemyslﬁefél dteﬁl Y or e dGRAthdIL @(Pfrﬁ»ﬂﬁl DM©®&nd 180 pmol/L
ESR conponent GR [ f drug- i nduced cell death was
castacpuib| warehgs tefféCtESRaS wkapaigaredn.expsl searbhas offsativeds the potent

n
5ol SE e R0 S 355 Pl BpRhEEE LY. i
cighibitegatiicct Wesltraglidns, aecdlst ieansddeed adredricteds lleNA\actlve protein
agai_nst GRP78; as a control cells were transfected

pthess RKA8 dg dpspile the @@Flgmusmsemw oF aslesrribi(Bigure S; data
I
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of CHOP induction, although the overall levels were noticeable lower compared with
DMC. In contrast, neither rofecoxib nor valdecoxib at the same concentration resulted

in any detectable CHOP expression (Figure 74).

[00126] To investigate whether ESR induction could possibly be achieved at higher

concentrations of rofecoxib and valdecoxib, the cells were treated with further increased
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[00127] We next investigated the relationship of ER stress induction and cell death.
Figure 8A shows that 30 and 50 pumol/. DMC potently stimulated the ESR, as
indicated by the pronounced induction of CHOP, GRP78, and caspase-4
cleavage/activation. In parallel, three variables of cell growth and cell death were
investigated. First, a colony-forming assay was done; this is an indicator of longterm
survival that reveals the percentage of individual cells that are able to survive and
spawn a colony of new cell growth. Second, the traditional 3-(4,5-dimethylthiazol-2-
yl)-2,5-diphenyltetrazolium bromide assay was used to determine short-term growth
and survival, indicated primarily by the metabolic activity of the entire cell population,
Third, terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling assay
was done to quantify the fraction of cells undergoing apoptosis. As shown in Fig. 6A,
the induction of ESR by DMC closely correlated with greatly reduced survival in
colony-forming assays, with reduced cellular activity in 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyltetrazolium bromide assays, and with substantially increased apoptosis.

[00128] Celecoxib as well was able to induce cell death/apoptosis (Figure 8B) and
reduced the viability of the cell culture (Figure 8C), although its potency was clearly
less than that of DMC (as indicated by the requirement of higher concentrations).
However, none of the other coxibs (rofecoxib and valdecoxib) or traditional NSAIDs
(flurbiprofen, indomethacin, and sulindac) had any detectable effect on cell growth and
survival and did not induce apoptosis even at concentrations of up to 100 pmol/L
(Figure 8B and C). Thus, taken together, these results indicate that celecoxib is unique
among these coxibs/NSAIDs because of its superior potency to stimulate the ESR and
initiate tumor cell death; in addition, its derivative DMC seems even more effective,

clearly arguing that the inhibition of COX-2 is not required to achieve these effects.
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[00129] We next investigated the contribution of the ESR to reduced tumor cell growth in
response to treatment with DMC or celecoxib. For this purpose, we applied specific
siRNAs to knock down the expression of either GRP78 (representing the protective
branch of the ESR) or caspase-4 (representing the proapoptotic branch). Glioblastoma
cells were transfected with these siRNAs and treated with drug for 48 h, and the
percentage of surviving cells was determined with the use of the colony formation assay
(Figure 9A). As a control, a si-GFP was included in these experiments; furthermore,
the efficiency of target knockdown by each specific siRNA was confirmed by Western
blot analysis of caspase-4 and GRP78 protein (Figure 9B). For GRP78-siRNA, the
cells became more sensitive and there was less cell survival when GRP78 levels were
reduced. For caspase-siRNA, the opposite was observed: we found that the sensitivity
of cells to drug treatment was significantly reduced (i.e., cell survival after treatment
with celecoxib or DMC was increased when caspase-4 expression was diminished by
siRNA). Thus, these results agree with the current model of ESR, where GRP78
represents the protective arm, whereas caspase-4 is proapoptotic and necessary for the
execution of cell death after ER stress; our results indicate that DMC and celecoxib
overpower the protective effort by GRP78 and induce cell death via the stimulation of

caspase-4 activity.

[00130] In an effort to determine whether ER stress might be relevant during the in vivo
antitumor activity of DMC, we used a xenograft nude mouse tumor model and
investigated the expression of CHOP protein in tumor tissue from animals treated with
DMC or rofecoxib. As shown in Figure 10, CHOP protein was barely detectable in
tumor tissue from control animals (i.e., in the absence of any drug treatment). In
contrast, when animals were fed with DMC for 50 h, there was a large increase in
CHOP protein expression in their tumor tissue. In comparison, when animals received
rofecoxib, no such increase was observed (Figure 10). In addition, the highly clevated
amount of CHOP protein after DMC treatment correlated with significantly increased
apoptosis in the tumor tissue, whereas tumors from rofecoxib-treated animals did not
display elevated levels of apoptosis (Figure 10). Furthermore, on longer-term therapy

of tumor-bearing animals with either DMC or rofecoxib, it became apparent that only
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DMC caused significantly reduced tumor growth (Figure 11), indicating that the
induction of ESR and apoptosis by DMC indeed translated into overall reduced tumor

growth in this xenograft model.

[00131] Finally, as an extension of earlier pharmacokinetic/pharmacodynamic
determinations of DMC and celecoxib in nude mice (20), we measured the
concentration of drug (DMC and celecoxib) in blood and tumor tissues from our
experimental animals. Tumor-bearing animals were treated for 2 days with daily
dosages ranging from 30 to 180 mg/kg DMC or celecoxib, and the absolute levels
(Ciax) of each drug were determined by liquid chromatography mass spectrometry. As
presented in the Table 2, maximal drug concentrations in plasma and tumor tissue
increased as daily dosages increased and reached peak levels of 45 pmol/L in the
plasma from animals treated with the highest dose of 180 mg/kg. Intriguingly, however,
the concentrations in tumor tissues were two orders of magnitude lower than the
corresponding plasma concentrations; in animals receiving the highest daily dose of 180
mg/kg, tumor tissue concentrations approximately equivalent to only 0.25 pmol/L were
reached. Nonetheless, in all of these tumor tissues, increased levels of CHOP
expression were observed, whereas tumor tissues from non-drug treated or rofecoxib
treated (30—180 mg/kg) animals were consistently negative for this ER stress indicator
protein (see Fignre 10). In general, tumor tissues from animals treated with the lowest
dosages of DMC or celecoxib were positive for CHOP, although tumors from those
animals exposed to much higher concentrations stained more intensely for this protein.
Importantly, these results show that despite the huge difference between the drug
concentrations used in vifro and those measured in vivo, in both cases, ER stress and
subsequent tumor cell death were achieved.

Example 2: Aggravated Endoplasmic Reticulum Stress as a Basis for Enhanced

Glioblastoma Cell Killing by Bortezomib in Combination with Celecoxib or Its Non-
Coxib Analogue, 2,5-Dimethyl-Celecoxib

Materials and Methods

Materials
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[00132] Bortezomib was obtained from the pharmacy as 3.5 mg Velcade suspended in 3.5
mL saline (Millennium Pharmaceuticals). Celecoxib was obtained as capsules from the
pharmacy or synthesized in our laboratory according to previously published procedures
(24). DMC is a close structural analogue of celecoxib, where the S-aryl moiety has
been altered by replacing 4-methylphenyl with 2,5-dimethylphenyl; this compound was
synthesized in our laboratory according to previously published procedures (19).
Celecoxib and DMC were dissolved in DMSO at 100 mmol/L (stock solution) and
added to the cell culture medium in 2 manner that kept the final concentration of solvent
below 0.1%. The COX-2—-inhibitory activity of freshly synthesized celecoxib, and lack
thereof in DMC, was confirmed in vitro with the use of purified COX-2 protein (see, for

example, ref. 42).
Cell lines and culture conditions

[00133] All cells were propagated in DMEM (Cell gro) supplemented with 10% fetal
bovine serum, 100 units/mL penicillin, and 0.1 mg/mL streptomycin in a humidified
incubator at 37°C and a 5% CO, atmosphere. Four human glioblastoma cell lines
(LN229, U251, T98G, and US87MG) and one multiple myeloma cell line (RPMI/8226)
were used. T98G, US7MG, and RPMI/8226 cells were obtained from the American
Type Culture Collection. LN229 and U251 were obtained from Frank B. Furnari
(Ludwig Institute of Cancer Research, La Jolla, CA). COX-2 expression levels and drug

effects on prostaglandin production in these cells have been published elsewhere.
3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay

[00134] 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays
were performed in 96-well plates with the use of 3.0 x 10° to 8.0 x 10° cells per well as

described in detail elsewhere (19).
Cell death ELISA

[00135] Cells were plated in 96-well plates in quadruplicates at 1,000 cells/mL (100
uL/well). The next day, they were treated with drugs for 24 h and analyzed for the

presence of histone-complexed DNA fragments with the use of a commercially
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available ELISA kit (Roche Diagnostics) according to the manufacturer’s instructions.

The kit was used in a manner as to specifically quantitate apoptosis rather than necrosis.
Immunoblots and immunohistochemical staining

[00136] Total cell lysates were prepared and analyzed by Western blot analysis as
described earlier (19). Immunochistochemical analysis of protein expression in tumor
tissues was performed with the use of the Vectastain avidin-biotin complex method kit
(Vector Laboratories) as described previously (32). The primary antibodies were
purchased from Cell Signaling Technology or Santa Cruz Biotechnology, Inc. and used
according to the manufacturers’ recommendations. All immunoblots and stainings were

repeated at least once to confirm the results.

Terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling staining of

tumor tissue

[00137] Apoptosis in tumor sections was measured quantitatively with the use of the
terminal deoxynucleotidyl transferase-mediated dUTP nick end labeling (TUNEL)
assay. All components for this procedure were from the ApopTag In Situ Apoptosis
Detection kit (Chemicon), which was used according to the manufacturer’s instructions.
The percentage of TUNEL-positive cells for each tumor section was determined from

10 random photomicrographs taken at 200 magnification.
Transfections and colony formation assay

[00138] The different small interfering RNAs (siRNA) were synthesized at the
microchemical core laboratory of the University of Southern California/Norris
Comprehensive Cancer Center; their sequences are described in ref. 32. Transfections
of cells with these siRNAs and subsequent analysis of cell survival by colony formation

assay have been described in detail elsewhere (32).
Drug Treatment of Nude Mice

[00139] Four- to 6-week-old male athymic nu/nu mice were obtained from Harlan and
implanted s.c. with 5 x 10° U87 glioblastoma cells. Once tumors of ~300 mm> had

developed, the animals received drug treatments. Velcade was given as a single dose
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via tail vein injection. DMC was given twice daily (one half of the daily dose every 12
h) via direct administration into the stomach with a stainless steel ball-head feeding
needle (Popper and Sons, Inc.). After a total of 50 h, the animals were sacrificed and
tumors were collected for analysis. In all experiments, the animals were closely
monitored with regards to body weight, food consumption, and clinical signs of
toxicity; no differences between non—drug-treated control animals and drug-treated

animals were detected.
Results

[00140] Glioblastoma multiforme represents a particularly difficult-to-treat type of cancer
with dismal prognosis. Because more effective therapies are urgently needed, we chose
various human glioblastoma cell lines as a model to investigate combination effects of
our selected drugs. To establish the concentration of each drug that would result in 50%
inhibition of cell growth (ICsp), we first treated each cell line individually with either
bortezomib, celecoxib, or the non-coxib celecoxib analogue DMC. The resulting 1Csg
after 48 h of treatment with bortezomib was ~10 nmol/L for the U251, US87MG, and
T98G glioblastoma cell lines and slightly below 5 nmol/L for the LN229 glioblastoma
cell line (Figure 12A). Because bortezomib was developed for multiple myeloma
therapy and is highly cytotoxic in such tumor cell lines, we also determined its ICsq in a
representative multiple myeloma cell line, RPMI/8226, for comparison purposes. As
shown in Figure 12A, and as expected, RPMI/8226 cells exhibited high sensitivity
toward bortezomib; however, this cell type was not more sensitive than the
glioblastoma cell lines. This finding established that glioblastoma cells were
exquisitely sensitive to bortezomib, which supported our rationale for investigating this

drug as a potential glioblastoma therapy.

[00141] We also established the ICsq for celecoxib and DMC in all four glioblastoma cell
lines (Figure 12A and B). Celecoxib displayed an ICsy of ~50 pumol/L in U251,
U87MG, and T98G cells, whereas DMC was somewhat more potent with an ICsy of
slightly below 40 pmol/L. The LN229 cell line (which exhibited the greatest sensitivity
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to bortezomib; Figure 12A) was overall slightly less sensitive to either celecoxib or
DMC (Figures 12A and B).

[00142] To determine the ability of bortezomib, celecoxib, and DMC to induce the ESR in
glioblastoma cells, we treated U251 cells with increasing concentrations of each drug
increased expression of GRP78 and CHOP, indicating that the ESR was triggered. In
addition, this drug also stimulated the activation of the ER stress-associated procaspase-
4, as indicated by the appearance of the cleaved (i.e., activated) form of this enzyme.
To verify that bortezomib, at the concentrations we used, exerted its established
function (i.e., inhibition of the proteasome), we also investigated the accumulation of
polyubiquitinated proteins. As shown in Figure 13A, the induction of ER stress
markers coincided with the appearance of highly elevated levels of polyubiquitinated
proteins, indicating that inhibition of the proteasome correlated with the induction of

ER stress.

[00143] The same targets were also investigated after treatment of cells with cither
celecoxib or DMC. In all our experiments, celecoxib and DMC consistently generated
the same outcome, except that DMC was slightly more potent [for this reason, and also
because the induction of ER stress by celecoxib has been reported earlier, we will focus
primarily on the results obtained with DMC]. As shown in Figure 3B, DMC treatment
resulted in strong induction of GRP78 and CHOP and activation of caspase-4,
indicating that this drug triggered ER stress. However, this drug did not cause
substantial accumulation of polyubiquitinated proteins, consistent with the expectation

that its mechanism of action was different from that of bortezomib.

[00144] We next examined the effects of combination drug treatments on glioblastoma
cell growth and survival. For this purpose, we combined bortezomib with either
celecoxib or DMC at concentrations that represented approximate ICso values so that
potentially enhancing effects would become apparent. Figure 14A depicts a visual
display of cell number and morphology, whereas Figure 14B presents the quantified
outcome. Figure 14A reveals that individual drug treatment resulted in a smaller

increase in cell number and the presence of fewer mitotic figures; in contrast,
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These visual impressions were complemented by counting the number of viable cells
over the course of drug treatment (at 8, 24, and 48 h). As displayed in Figure 14B,
single-drug treatment allowed initial cell proliferation (i.e., increase in cell numbers
between 8 and 24 h) and then exerted presumed cytostatic effects (i.e., the overall
number of cells did not change between 24 and 48 h). In contrast, when the drugs were
applied in combination, there was no increase in cell numbers at the 24-h time point and

substantial loss of viable cells between 24 and 48 h, indicating potent cytotoxic effects.

[00145] The extent of drug-induced cell death and survival was further investigated by cell
death ELISA, which quantitates the amount of apoptosis in the entire culture, and by
colony formation assays, which determine the number of individual cells able to survive
drug treatment long-term and spawn a colony of clonal descendants. Figure 14C shows
that treatment of glioblastoma cells with individual drugs caused a small increase in
apoptotic cell death, whereas the combined treatment with bortezomib and celecoxib or
DMC resulted in greatly increased cell death. In colony formation assays, 5 nmol/L
bortezomib reduced the number of emerging colonies by ~50% (Figure 14D). The
chosen concentrations of celecoxib and DMC by themselves exerted only minor
inhibitory effects (reduction of colony number by approximately 10-15%). In contrast,
when cells were treated with bortezomib and celecoxib or DMC in combination, colony

survival was greatly reduced by >90% and 97%, respectively.

[00146] Each assay used in Figure 14 was applied to several different glioblastoma cell
lines and varying concentrations of drug combinations were used (data not shown). In
all cases, very similar outcomes were achieved, clearly indicating that the combination
of these drugs results in greatly increased cytotoxicity and substantially reduced cell
survival compared with treatment with each drug individually, Furthermore, we
calculated the combination index (CI) from conventional MTT assays where increasing
concentrations of each drug were combined (data not shown) and obtained a CI <1,

revealing that the drug combination effects were synergistic.
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[00147] We next investigated the potential contribution of the ESR to the above-presented
combination drug effects. U87MG and T98G cells were treated with the same drug
combinations as above, and various components of the ESR system and cell death
machinery were analyzed. As shown in Figure 15, individual drug treatments resulted
in increased expression of GRP78, and combination drug treatments increased
expression of this protein further. Levels of the proapoptotic CHOP protein were
weakly increased by single-drug treatments but were more strongly elevated by
combination treatments. The activity of c-Jun NH2-terminal kinase (JNK), a critical
proapoptotic component of the ESR, was investigated with antibodies specifically
recognizing the phosphorylated (i.e., active) form of this kinase.We found that
combination drug treatments, but not individual drug treatments, resulted in greatly
increased JNK activity (Figure 15A). Taken together, these results indicate that
bortezomib, when combined with either celecoxib or DMC, caused stronger ESR
induction than either drug alone. Similar results were also obtained with the use of

LLN229 and U251 cells (data not shown).

[00148] To establish whether drug-induced ER stress and cellular apoptosis were only
correlative or were causally related, we specifically reduced the expression of the ESR
component GRP78. If drug-induced cell death was controlled by the ESR, we would
gxpect that reduced levels of GRP78, which functions as a major protective component
of the ESR, would lead to further increased cell death. U251 cells were transfected with
sIRNA against GRP78; as a control, cells were transfected with siRNA against a target
not present in mammalian cells [i.e., green fluorescent protein (GFP)]. Both siGRP78-
transfected and siGFP-transfected cells were treated with bortezomib together with
celecoxib or DMC, and the number of surviving cells was determined by colony
formation assay. As shown in Figure 16A, cell survival was significantly (P < 0.002)
decreased in cells harboring reduced levels of GRP78; cell survival after drug treatment
was 63% to 68% in cells transfected with siGFP but was decreased to 40% to 42% in
cells transfected with siGRP78. Down-regulation of GRP78 expression by siGRP78
was confirmed by Western blot analysis; however, whereas the presence of siGRP78

reduced basal levels of GRP78 below the detection limit, the siRNA could not
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completely block the induction of GRP78 by drug treatment, as lower levels of induced
GRP78 protein could still be detected (Figure 16B). Nonetheless, under all conditions,
the overall amount of GRP78 protein was lower in siGRP78-transfected cells than in
siGFP-transfected cells. Concurrently, siGRP78-transfected cells exhibited significantly
increased chemosensitivity, indicating that the ESR played a causal role in triggering

cell death induced by bortezomib in combination with celecoxib or DMC.

[00149] Finally, we determined whether the above-described in vitro events would also
take place in vivo. U87MG cells were implanted s.c. into nude mice, and after sizable
tumors had formed, the animals remained unireated or were treated with drugs.
Celecoxib was not included in this experiment because previous studies had already
shown that this drug potently stimulated the ESR in vive (39, 40); furthermore, all
known experiments that compared DMC to celecoxib have shown that both drugs
reliably achieve the same tumor-suppressive outcome in vitro and in vivo, except that
DMC consistently displays somewhat greater apoptosis-inducing potency. Therefore,
we decided on DMC as the more potent drug of choice for the in vivo combination

experiments with bortezomib.

[00150] We had shown previously that DMC by itself quite potently triggers ER stress in
tumor tissue in vivo (39), and this effect begins to appear at dosages of >10 mg/kg.
Considering these earlier results, we chose 7.5 mg/kg as a potentially useful dosage for
this combination experiment; we reasoned that suboptimal dosages of DMC would
allow the combination effects to emerge. Tumor bearing animals were treated with
DMC or bortezomib alone or in combination for 2 days (a relatively short treatment
period was chosen because we wanted to focus on the early mechanisms that initiate
cell death rather than the later conditions that dominate when the tumor cells are dying
or already are dead). Tumor tissue was analyzed for the expression of CHOP (as a
marker of ER stress) and stained by TUNEL (to visualize the extent of apoptotic cell
death).

[00151] We found that DMC, at this very low dosage, did not cause much elevated CHOP
expression nor did it substantially increase TUNEL staining (Figure 17A). Bortezomib
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with DMC, thére was a very strong induction of CHOP, which could be detected in
every single cell, and an even greater increase in the number of TUNEL-positive cells
(Figure 17A). When the number of TUNEL-positive cells in the various treatment
groups was quantitated, it became apparent that combination treatment resulted in
significantly more cell death than individual drug treatment (Figure 17B); that is, cell
death in response to treatment with bortezomib plus DMC was 4.9~ and 3.0-fold higher
than in animals treated with DMC or bortezomib alone, respectively. Thus, combination
drug treatment resulted in substantially higher levels of ER stress and a greater amount
of cell death than individual drug treatments and established that aggravated ER stress
and enhanced glioblastoma cell killing could be achieved in vivo as well.
Example 3: Aggravated Endoplasmic Reticulum Stress as a Basis for Enhanced Cell
Killing of Tumor-associated Brain Endothelial Cells by Temozolomide in

Combination with the Non-Coxib Celecoxib Analogue, 2,5-Dimethyl-Celecoxib
(DMCO)

Materials and Methods

[00152] Tumor-associated Brain Endothelial Cells (TuBEC) were treated with TMZ (300
uM) and 20 uM DMC for 48 hours. The drugs were removed and cells were incubated
for another 12 days; at that time cytotoxicity was evaluated using the trypan blue

exclusion technique. Results are presented as number of viable cells per group.
Results

[00153] Temozolomide (TMZ), the standard of treatment for gliomas, is very effective
against the tumor cells. However, this drug causes little cytotoxicity on the tumor-
associated brain endothelial cells (TuBEC). Qur experiments, summarized in Figure 18
have shown that the ER aggravating agent DMC increased the susceptibility of the
tumor vascular endothelial cells susceptible to TMZ. Thus DMC functions as an anti-

angiogenic agent by chemosensitizing these cells to known therapeutic drugs.
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obtai ning informati on about a test conpound, wherein

said informati on conprises SERCA inhibition activity,
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tEgEes APQIQSiH GEMBNIEENg agent according to the conpounds
e S A B R R Lk O RR g vty and
etuVa@@ThgedprpsmmﬁGHOB ihesdEdl, 32. A net hod of

o T P SRS S48 BB Bl TR B

resul{s ih 998hdiRBR Hv%%b'fe fon Iﬂlﬁﬁl&l%fl a?opt@ﬁgﬂ{ fh% B
adm ni stering a pharmaceutically effectlve amount of a

phar maceuti cal conposition according to Caim 26. 33.
2. Ti’ihem\?ﬁtddo@fo@laahailm‘v@@remh@leeﬂwsaf chetictedy ethhihating SERCA is
of  ER-str rior
a%%?r‘??lﬂ SE‘%dr §9’ i ?@11815&36‘“33% phgeigle t{fﬁ‘!}& ﬁecﬁY%'aﬁ%"Eﬁt of an ER-stress
Vaﬁﬁfg feAPédpabRMaRMcivey ehliBiling mm@lﬂﬁly@hh&ireﬁly, for a
fective anmount of an apopt OSi s enhancer accordin
deyasipm Sublicign. 10T RlsvAlet HOGPIBTIIC) ¢4 lgipmoconcghiraiion signi canﬂy above
nSHﬁ@rléf-v%i E@asatg'@a{ﬂé ?pgﬁ i,86g @ pharmaceutically effective
amount of a secon armaceuti cal conposition
containing a different ER-stress aggravati ng agent
3. Thapadthed of Claigr Zashargntsarl ERrstresst aggravating fagentst ohedloht does not
rg_gbg@ﬁgggd proteins in the ER 36. The nethod of Caim
105101 “6¢in said different ER stress aggravati ng agent
is a proteasone inhibitor or a protease inhibitor. 37.
4. ThEendiRIdsI19im & wheeidZaidHIRLERESR afSiatlattioSBRREIbes not trigger release

condition is caused by apoptosi s di sregulation.
of histamine.

5. The method of Claim 3, wherein said ER-stress aggravating agent comprises a compound

having a general formula:
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38. The nmethod of Claim37, wherein said condition is
cancer. 39. The nethod of Cdaim 38, wherein said

w@ 22008189986 gl i obl astoma nmultiforne. 40. The nRETUR008/058323

10.

11.

Claim 38, wherein said cancer is selected from breast
carci noma, pancreatic carcinoma, Burkett's |ynphona,
mul t.i pl e nyel oma, neurobl ast oma, prostate cancer,
Vglgﬁr%lpem al cancer, recurring cancer, netastatic breast

EAngemetkyle nﬂucﬁr@ﬁieﬁiyantdlﬂutif@ﬁﬁﬂ@ﬂd tﬂﬂu@nﬁﬁﬁiﬂst adlityl, ﬂuoroalkyl,
cancer. 41. A nethod of aggravating stress in a cel I

endo;ﬂlﬂwalkvlemfbmrml yﬂ@prpaﬂklglgbYdrawéksdsmscarboxyalkyl

LR oSS, R ot
| eveleﬁkylnﬂﬁmbm&bfl déflucsoalkyle trifhioheddkyd opgly flseroglkyl, hydroxyalkyl, or

provi di.ng a1 conpound that inhibits SERCA activity in
sai d %‘quy?&]ul ting in the elevation of CHOP

X-g!é& A7 t| : tﬁérﬁl el lfé% f?&ﬂ%’ %@ s%ftm %!ﬁ' lﬂ’d}%éség fluoro, chloro,

el evati ng expre Sio
i n a bromd] allmry fadlpydy Aobwalkgl, difludrioaliiyh rrifitiomyatkyt, qmlﬁﬂuoroalkyl
in the cell. 42. The t hod of aim4l, wherein said
conpdaEpHyaliyhor gar lwﬁwwg" togparyl;

I%n_s Range ﬁldeﬁélﬁﬁﬁﬁy §Q§tﬁ$d frff-a Jl38p OBENeE o I@d%é@n“'ﬂuoro chloro,

ere said conpound is selected according to Claimb5
bromo; fluoromethyl, difluoromethyl, trifluoromethyl, atkyl, ﬂuoroalkyl
difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl, carboxyalkyl,
alkenyl, alkynyl, cycloalkyl, heterocyclic, aryl, or heteroaryl; and

Ri» is hydrogen, acetyl, acyl, alkyl, fluoroalkyl, difluoroalkyl, trifluoroalkyl,
polyfluoroalkyl, hydroxyalkyl, carboxyalkyl; aminoacyl, aminoalkyl, cycloalkyl,

heterocyclic, aryl, or heteroaryl.
The method of Claim 5, wherein R; is trifluoromethyl.
The method of Claim 5, wherein Ry, Rg - Rjz are hydrogen.
The method of Claim 5, wherein R4, Rs, and R; are hydrogen.
The method of Claim 5, wherein R; is trifluoromethyl, Ra, R4, Rs, R7. Rz are hydrogen.

The method of Claim 5, wherein R3 and R¢ are selected from a group consisting of:
hydrogen, fluoro, chloro, bromo; fluoromethyl, difluoromethyl, trifluoromethyl, alkyl,
aryl, heteroaryl, fluoroalkyl, difluoroalkyl, trifluoroalkyl, polyfluoroalkyl, hydroxyalkyl,
or carboxyalkyl.

The method of Claim 2, wherein said ER-stress aggravating agent is 4-[5-(2,5-
dimethylphenyl)-3-(trifluoromethyl)- 1 H-pyrazol-1-ylJbenzenesulfonamide, 4-[5-(2,5-

di(trifluoromethyl)phenyl)-3-(trifluoromethyl)-1H-pyrazol-1-yl]benzenesulfonamide and
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12.

13.

14.

15.

16.

17.

18.

19.

20.

4-[5-(2,5-dibromophenyl)-3-(irifluoromethy!)-1 H-pyrazol-1-yl|benzenesulfonamide or an

analogue thereof.

The method of Claim 2, wherein said ER-stress aggravating agent comprises a prodrug
that will metabolize into a SERCA inhibitor.

The method of Claim 1, further comprising a step of applying a second ER-stress
aggravating agent capable of increasing the concentration of misfolded or damaged

proteins in the ER.

The method of Claim 13, wherein said second ER-stress aggravating agent comprises a

proteasome inhibitor or a protease inhibitor.

The method of Claim 14, wherein said proteasome inhibitor is bortezomib or an analogue

thereof.

The method of Claim 14, wherein said protease inhibitor is an HIV protease inhibitor
selected from: nelfinavir, atazanavir, fosamprenavir, ritonavir, indinavir or an analogue

thereof.
The method of Claim 1, further comprising a step of applying an apoptosis enhancer.

The method of Claim 17, wherein said apoptosis enhancer is one that is capable of
upregulating the expression of CHOP, overcoming a protective function of GRP78, and

activating a caspase.

The method of Claim 17, wherein said apoptosis enhancer is a siRNA for GRP78 or an
inhibitor of GRP78 function.

A method for screening, selecting, or designing compounds useful for inducing or
aggravating ER stress in a cell to trigger apoptosis in the cell, comprising:
obtaining information about a test compound, wherein said information comprises
SERCA inhibition activity, COX-2 inhibition activity, and histamine release
activity; and
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21.

22.

23.

24.

25.

26.

27.

28.

29.

identifying said test compound as a potential ER-stress aggravating agent if said
compound is an inhibitor of SERCA, and is not an inhibitor of COX-2.

The method of Claim 20, wherein said obtaining step comprises performing biochemical

assays, cell-based assays, or online database search.

The method of Claim 20, further comprising repeating the steps of obtaining and
identifying for a plurality of test compounds.

The method of Claim 22, wherein said steps of obtaining, identifying, and repeating are

performed in a high-throughput screening format.

The method of Claim 22, wherein said plurality of test compounds are taken from a

chemical library.

The method of Claim 22, further comprising:

performing a quantitative structure-activity relationship (QSAR) analysis on a set of
selected compounds identified as potential ER-stress aggravating agent;

using a result of the QSAR analysis to design one or more new test compounds; and

applying the obtaining and identifying steps on the new test compound(s).

A pharmaceutical composition useful for inducing or aggravating ER stress in a cell to
trigger apoptosis in the cell, comprising:
an ER-stress aggravating agent; and

a pharmaceutically acceptable carrier.

The pharmaceutical composition of Claim 26, wherein said ER-stress aggravating agent

is one selected from the compounds according to Claim 5.

The pharmaceutical composition of Claim 26, wherein said ER-stress aggravating agent

is a prodrug capable of being metabolized into a SERCA inhibitor.

The pharmaceutical composition of Claim 26, wherein said ER-stress aggravating agent

is capable of increasing the concentration of misfolded or damaged proteins in the ER.
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30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

The pharmaceutical composition of Claim 29, wherein said second ER-stress is a

proteasome inhibitor or a protease inhibitor.

A pharmaceutical composition comprising a first ER-stress aggravating agent according
to the compounds of Claim 5, and a second ER-stress aggravating agent capable of

increasing the concentration of misfolded or damaged proteins in the ER.

A method of treating a diseased condition in a patient by inducing or aggravating ER
stress in selected diseased cells to trigger apoptosis in the cells, comprising:
administering a pharmaceutically effective amount of a pharmaceutical composition

according to Claim 26.

The method of Claim 32, wherein said diseased cells are in a state of ER-stress prior to

the administrating step.

The method of Claim 32, further comprising administering a pharmaceutically effective

amount of an apoptosis enhancer according to Claim 18.

The method of Claim 32, further comprising administering a pharmaceutically effective
amount of a second pharmaceutical composition containing a different ER-stress
aggravating agent capable of increasing the concentration of misfolded or damaged

proteins in the ER.

The method of Claim 35, wherein said different ER-stress aggravating agent is a

proteasome inhibitor or a protease inhibitor.

The method of Claim 32, wherein said diseased condition is caused by apoptosis

disregulation.
The method of Claim 37, wherein said condition is cancer.

The method of Claim 38, wherein said cancer is glioblastoma multiforme.
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40. The method of Claim 38, wherein said cancer is sclected from breast carcinoma,
pancreatic carcinoma, Burkett’s lymphoma, multiple myeloma, neuroblastoma, prostate
cancer, colorectal cancer, recurring cancer, metastatic breast cancer, chemo-resistant

tumors and drug-resistant cancer.

41. A method of aggravating stress in a cell’s endoplasmic reticulum (ER) to trigger
apoptosis, provided that the cell is in a state of low ER stress as evidenced by levels of
GRP78 greater than the usual levels in normal cells, the method comprising:
providing a compound that inhibits SERCA activity in said cell resulting in the elevation

of CHOP expression

whérein, the combination of inhibiting SERCA activity and elevating CHOP expression

results in a condition favorable for initiation of apoptosis in the cell.

42. The method of Claim 41, wherein said compound is not a COX-2 inhibitor or a

histamine-release agent.

43. The method of Claim 41, where said compound is selected according to Claim 5.
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