TREATMENT OF PROTEI N DEGRADATI ON DI SORDERS Rel at ed Applications [0001] The
present application clains priority under 35 U S.C. 119(e) to U S
provi si onal patent application, USSN 60/664,470, filed March 22, 2005,
which is incorporated herein by reference. Governnment Support [0002] The
wor k descri bed herein was supported, in part, by grants fromthe National

I nstitutes of Heal The United States governnment nmay
have certain righ{tﬁgéﬁﬁﬁéﬁgiﬁ%ﬁgkgﬁgﬁgﬁ%ﬁaﬁﬁgﬁQIG@lﬁﬂgoﬁﬂya%gion

[ 0003] Dynami c cellular states require a rapid, efficient nechani sm of

protein catabolism Cancer cells are highly dependent on protein
degradati on due to continuous celRelaydApplicatiopper nut ati on, and chr onosonal

rearrange (Ad JNe.proteasomne. suj t t] pl astic target.
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i nvol ved iﬂc. trg,%ggélulbar rotein catabolism The biology of the proteasone
is well-characteri 2885 "HoPREr and neopl astic cells. Proteasone conpl exes
reside in nunmerous |ocations throughout the cell such as the endoplasmc
reticulum (ER), nucleus, and cytgplasm The primary role of the proteasone
is the targeted degradation of ubo¥eIMensSwRPYE ot ei ns. The aggresone is a
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10: 524- 53 PIREISRIS &} the @erimei n by reference). There are no known
treatments targeting these pathol ogic states. [0004] Aberrant protein

catabolismis a hallmrk of cancer, and is inplicated in the
Background of the Invention

[0003] Dynamic cellular states require a rapid, efficient mechanism of protein
catabolism. Cancer cells are highly dependent on protein degradation due to continuous cell
cycling, hypermutation, and chromosomal rearrangements (Adams J. The proteasome: a
suitable antineoplastic target. Nat Rev Cancer. 2004;4:349-360; incorporated herein by
reference). The proteasome and the aggresome are the two principal cellular structures
involved in intracellular protein catabolism. The biology of the proteasome is well-
characterized in normal and neoplastic cells. Proteasome complexes reside in numerous
locations throughout the cell such as the endoplasmic reticulum (ER), nucleus, and
cytoplasm. The primary role of the proteasome is the targeted degradation of ubiquitinated
proteins. The aggresome is a juxtanuclear complex of misfolded proteins, chaperones, and
proteasome components, which expands in response to proteasome inhibition or protein stress
associated with certain pathologic states (Kopito RR. Aggresomes, inclusion bodies and
protein aggregation. Trends Cell Biol. 2000;10:524-5 30; incorporated herein by reference).
There are no known treatments targeting these pathologic states.

[0004] Aberrant protein catabolism is a hallmark of cancer, and is implicated in the
stabilization of oncogenic proteins and the degradation of tumor suppressors (Adams J. The
proteasome: a suitable antineoplastic target. Nat Rev Cancer. 2004:4:349-3 60; incorporated
herein by reference). Thus, there is a need in the art for treatments for diseases that involve
aberrant protein catabolism as well as screening methods to develop new therapeutics to treat

the diseases (e.g., cancer) by targeting protein degradation pathways and components.



stabilization of oncogenic proteins and the degradation of tunor
suppressors (Adans J. The proteasone: a suitable antineoplastic target. Nat
Rev Cancer. 2004; 4: 349-360; incorporated herein by reference). Thus, there
is aneed in the art for treatnents for diseases that involve aberrant
protein catabolismas well as screening nethods to devel op new t herapeutics
to treat the diseases (e.g., cancer) by targeting protein degradation

pat hways and conponents. Surmary of the Inventl on [0005] I n one aspect, the
i nvention provides a nethod of Sy gfths IeyagtieBt suffering from or

suscept i bl @ods a prﬁ&to% Ba@étgﬂﬁ%kh J%ﬁ@ésca%ethcﬁhﬂu@&tﬂg@ckubje@tlsuﬁ‘@ﬁl he step

of adm ni ter ng to a ect in need thereof a therapeutlcally ef fective

anount of fem ¢r@a@pp@i@tommo@iwea@g¢twa&esptsiﬁfr i Fheimsthegrinclypdes ghersep;of
embodi ment, E.mbl @eﬂn@% B 'sx@lbgéct H nebd heRoPL fR%: g&ﬁlcéﬁé/ &Fi@@n@ alRhesE at Rag8ADI Nati on

with an in L Or -0 gresonme. In certai mbodi nents, the protein
degr adat i @rotelh degraidation s:lhebl‘roal Ingkgain pmbodimenis éiﬁllh!’ioé of e Proisesamegt ot ei n
a1 Rl h cold BB il bRt} BPorGf il Rhm bl BhbAImBS LT 19
cancer. |R°pretert ed enbod Wh cancer Is one or nore of

mul tiple myt&émﬂegradaaukémxdﬁr 1hyn¢hdarmrolﬁ¢rmndlmerapﬂotﬁngie©aﬂm ovari an

cancer, pr,ost and,.liver cel. nts, the
protein délbs8 qa{ eLB ﬁfcbl%’kgée ce}lglaWrPléfgerna‘ S %rg%slggﬁg%l Egge%g%gl | ar at axi a,
prion di sembedimentskiiteen tie cdhceezone omuielotﬁgnmmlcsmyblmaaslmkemaammmbma,

anyt rophi ; | at er al scl erosi s, n(}ll oi dosi S Al zhei e gr}astgé Al exander's
di sease, AFCHBIEE e apces; Yo ANGE P eff%‘f’?fs?‘néi Nﬁ aﬁcg dse, or Lewy
body derTEl&fnlba(th{eﬁl@ﬁﬁ% bﬂ%teﬁﬂdﬁpbﬁﬁorﬁ&l@(ﬁd?r is Whieor’ m’ieéa‘csj& @plnqm’embbmﬁatamangt hod ﬁf
treating a cel] exhjhbitin ns, O rotejin sorder. The
met hod i n@FipRdiseashd agsinsgn '3 ik %P@P%ﬁ%ﬁ?@&&%?%%qu ective
anount  of s@eBEiSlBiyloiQE AUREInR s idBisE] Alexantier’d digageghlboholit liv@Tdishse,

enbodi ments, the cell is one or nore of a cell froma subject or a cultured

cell. In @Xfﬁlcéi Fosisabisk s disaass; ortligwy defly demedfit-a subject is one or nore of

bone marr qygegj r onal In%bﬂhez(%@the ﬁveﬂ@if)h BROIdY a RlMed ofRaank e taPExhattilg
(PBMC), lynphocytes, hair Ii cl es, hemat nggl etic cells, bload cells,

epi t hel i alsympiping Ofbméemmﬂﬂil% disqrderc dhe method ingludgs the e pf 20@)inisteringd i ent
derived t s“@%’of‘%gh? efféb%g%?a{t of APLRLPEErGHRH MRBItEth GreTeBNncRkthin, neur al

stem cel | unor or astrocytes. In certain enbodi nents, the
cul t ured embpdimentsythe eall ispneorahorinf a gel ﬁmesubmbm aougredoeikstn cepmn1 R

I NA-6, LR
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gr adat i on pat hway s
in cells pengherabiobémunsiucksscdldBBMQ)olymphicytiediairfolliles, afmatepoitticesgllrent  of

di seases %Pooﬁ ofifs eepl{heféﬁ Lelld] bmln?%owoﬁa%nc%ﬁg ﬁJa}fcaﬂse% oMk §£n§§ﬁ%ew stress

using a prote t'ron rovi dés new way I'ng cancer
cells. [OWdrlcmlgnmbr @RI CS, hetnlae)ponatzcemm@eilspnmald’em callsmolhbtdmf treating

a subj ect ffer n fr cepti ple met hod
i ncl udes P?S% gwﬁiﬁa Ski ?\18" es?ﬁllsmgc‘fenll?lmrl]e% cfr?'u Igyp?s
t her apeut iURab IMMTSQEMD(M@@WHR (ﬁﬂAaﬁ pRﬁ,t;ﬁimargzlagradahhslﬁd carbyi d@llﬂmes, to

el oma. - UGB R ROl DTGB ST 9sEheRi hehyey il
protei n sS{p®S prordifl siddsC1ea8soRpll &I thepefoR] treatif@t Bf dipeBesisath &ichh@ninof protein

degradation, [00081ln another aspect t he |nvent|é)n Br OVi-gﬁﬁ- a et hod of
treating é{vhgcg}gix%@pcer cells are under protein stress using a protemn degradation inhibitor provides

a new way of killing cancer cells.

[0007] In another aspect, the invention provides a method of treating a subject
suffering from or susceptible to multiple myeloma. The method includes the step of
administering to a subject in need thereof a therapeutically effective amount of a protein

degradation inhibitor, to thereby treat the subject suffering from or susceptible to multiple



suffering fromor susceptible to breast or ovarian cancer. The nethod

i ncludes the step of adm nistering to a subject in need thereof a
therapeutically effective anmount of a protein degradation inhibitor, to
thereby treat the subject suffering fromor susceptible to breast or
ovarian cancer. [00091ln yet another aspect, the invention provides a

met hod of fyagaz! P fohike ﬁg&ﬁdeﬁé&bff iAfmRoRbEIIR e 6QBLANMILORoRiS@Eohd
treatnent 1h a su lect. he method includes the steps of determ ning one or
nor e pr e-tare susaeptiblerio esibdegharpon indifitgnsaf proteiy degradaliompeut i cal |y effecti ve
anount of otein I L AL O ! ; ;gdet erm ni ng
t he one or@rqgt{]e pherlfgiﬁg%%gg%p??’g}é gﬁ%ﬁ?’?’fz}f&%g?ﬁ?@agﬁﬁuggﬁﬁgﬂ?&w th the
prot ei n despffadag from or sitspdpkiblorto biskst peovarieheanpeyd Themedad sicludaethepler 6 nor e

phenot ypes_j ndi cat es ef{. f I ' 1 inhibi -1reatment.
[0010] I n y%%mlgﬁtg%lt% a3 %8‘%?1? X?"ﬁéh ?%#gﬁﬁ%h&%gg%?%%gbg&n%@ﬁg% I'tc’)r?{mr#nni toring
t he progr ed&gradhtian ishibitacto theehygreat thatubjectiufferiagfrarg gr essogptiblerihbisastor . The
met hod i ncl udes the steps of determ ning one or nore pre-treatnment

phenot ypes®VaH#hfHf€t eri ng a therapeutically effective amount of an

aggr esone joobubi t or I wet bidhaukjees the imrdticeirevidesra mghahe assessimg the phenot ypes
after an initial period . of treatnent wth the resone i nhibjtor, wherein
t he modul atfi¢asy 8f gB‘i??nb‘FCWBOIb lsqrﬂeé &ﬁﬂ@ﬁ'&tﬂ?ﬁéﬁg%ﬁ'd?%a’f%%mg?‘f‘"ugﬁgﬁe of

aggr esone §tgRiobtdtbrdiinihg 6@ sFaidre pleGfthftddhtpl@nytgpesf adniihisteriAg p drtapeitioelly
invention proyides a nethod, of s I,ect[imri})g a sgbé}%ct Wl(ﬁh a_pr.ot ﬁ’iﬁn

degr adat i ofifeai&omant oigrreteindegradationinhibiior 10 the sbiFCt 8p7 SASPURE MFIOPHPE or |
The et hodmpROhtBHed Mier 8h BffFal QbriciRS UM NGIIOME pRicilBERadatien fhdRbiTent
phenot ypes; admi nistering a_therapeutically e_ff_ecth\i;g arm}mt of a protein
degr adat i owhereinthsinesiulatign phibe epgpraeere PRRICWPES AR et HHECAGH AL B PTOFRR e

phenot y pesyafligforaihibidrided¥meper i 0d of treatment with the protein
degradation’inhibitor, wherein the nodul ati on of the one or nore phenotype

i s an indi®810on t ha yet reothkrsepegte theiinvepiigamgvides arastBodofmagmiiospg Becl i ni cal
response t}gg &% gg 'ec%ém% ﬂ'ee?%&)\;vﬁ'l AN &E%Egs@xg@fr&lﬁﬂof. MethdtRdd inb10@L 4 N any of

t he above- Cri spect e protein degradation inhibitor is
pr ef er abl ystepslo€ deterchifing amecaranase pregreatnesint phebeiypes; admibistering B thempedivplinds,

tlggﬁg: i S%W%‘P%%%%%%%% ‘%ﬁt‘%pﬁ%@w@% ?teglgég}%r Sg;rll},kwﬁPl - 0052,

or ot her cowepoypdsitcendnitibaeribépEreatmentvith ithe, aggrebaed inhibitke whersindbeds, and

e "ot gt & 55 EA Bl RichB AR BOPLFALE RIS SN
U S. S N lie¥ateht.276, filed July 17, 2003; each of which is incorporated

herei n by rence 00131l n certain preferred enbodi nent.s of the
above- des c':o ﬁ)lzd as pg}:% b4 %’h@r BPEE TR gﬁ}ogc?gfvil%ﬁ ainher%i‘o&rr%g?le?tg’gg Sl(%?’r%ound of

formul a:  with a protein degradation disorder for treatment with a protein degradation inhibitor. The

method includes the steps of determining one or more pre-treatment phenotypes;
administering a therapeutically effective amount of a protein degradation inhibitor to the
subject; determining the one or more phenotypes after an initial period of treatment with the
protein degradation inhibitor, wherein the modulation of the one or more phenotype is an
indication that the disorder is likely to have a favorable clinical response to treatment with a
protein degradation inhibitor.

[0012] In any of the above-described aspects, the protein degradation inhibitor is
preferably selected from one or more of tubacin, tubacin-like compounds, tubacin derivatives,
bortezomib (VELCADE®), SAHA, R115777 FTI, '*Holmium-DOTMP, arsenic trioxide, 17-
AAG, MG132, sapojargon, NPI-0052, or other compounds described herein. Tubacin,

tubacin-like compounds, and tubacin derivatives are described in U.S. patent applications



R XX R2 wherein each X is independently 0, S, CH2, or NR3; Y is 0, S CH2,
or NR4; Ari and Ar2 are each independently an aryl group; R is a |ower

al kyl group or an aryl group; R2 is hydrogen, a |lower al kyl group or an
aryl group; and R3 is hydrogen, a |ower alkyl group, an aryl group,
an alLkyl carbonyl, an al koxycarbonyl group, or an am nocarbonyl group. In
certain pr [ S hsS . ertain
preferred @%&%ﬁ@é@?@?&ﬁﬁ@y 9’I>§r(1)b1csfedr'$'§il\ﬁq%}rie ’ge?ér"lgizf%gﬁn%g%?g%iﬁggff Arl is
phenyl or $G.SISNI 10/62e 276 Hedyduly 170203t ¢2eh 0f phieh erinedpeeatdiblireie by seferbuc2. | s

het er oar yl re preferably . optionally substifuted oxazolyl. .In certain
preferred [g?wg’gdi rrenﬁ’sc,ertilﬁffye’lfgpeﬁ}ﬁgﬁﬁ‘%“%?m ggﬁgﬁéqvﬁfdgﬁ"%ﬁé?w&ts’ PO Pef er abl y
4- am nosuhlikiiatiationdnHtiRn sl a cohpoaRy dfdbrmupy ef erred enbodi nents, R2 is
hydrogen. [0014]1n certain enbodi m&glt s, the protein degradation inhibitor

is of one of the fornul ae: )\

X X
Y.
Ary \Afz
Rz
wherein
each X is independently O, S, CH,, or NR3;
Y is O, S, CH,, or NRy;

Ar; and Ar;, are each independently an aryl group;

R is a lower alkyl group or an aryl group;

R; is hydrogen, a lower alkyl group or an aryl group; and

Rj3 is hydrogen, a lower alkyl group, an aryl group, an alkylcarbonyl, an
alkoxycarbonyl group, or an aminocarbonyl group. In certain preferred embodiments, X is
for both occurrences O. In certain preferred embodiments, Y is S. In certain preferred
embodiments, Ar is phenyl or substituted phenyl. In certain preferred embodiments, Ar; is
heteroaryl, more preferably optionally substituted oxazolyl. In certain preferred
embodiments, R; is phenyl or substituted phenyl, more preferably 4-aminosubstituted phenyl.
In certain preferred embodiments, R; is hydrogen.
[0014] In certain embodiments, the protein degradation inhibitor is of one of the

formulae:



In certain preferred enbodi nents, the protein degradation inhibitor is a
conpound of the fornmula below wth the stereochem stry as shown: These
conpounds of the invention are particularly useful in the nethods,

phar maceuti cal conpositions, and kits of the invention. [0015]In any of the
above-descri bed aspects, the protein degradation inhibitor is an HDAC

i nhi bitor. Conpounds known to inhigpit HDACs are described in U S. patent
applications, U S. S. N 60/773,510,|filed February 14,42006; U S.S. N

60/ 773,172, filed February 14, JSSN 4 8 filed May 9,

2001; U.S.S.N. 10/144,316, filed May 9, 2002; and .S.S.ﬁ. 10/ 621, 276,
filed July 17, 2003; each of Kch is incorporatedOherein by reference. In
certain enbodi nents, the prot¥ :
HDAC6. In certain enbodi gents

thel protei n degradasFgn i nhibitor is
specific for HDAC6. [O0Ql6oN v of e Ve deg pd aspects, the
protein degradation inj or preferably nhU I / enzymatic activity,
t hereby i nhibiting agghregene nedi at ed proy-' degradation. In preferred
enbodi ments, the protein degradation inhibitoy_inhibits the Cterm nal
aceylation activity of HDAC6, thereby inhibi
degradation. [0017]1n certain enbodi nents, t i bitor of HDAC6 | eads to
the acetylation of Hsp90. The acetyl ation of HspO0 renders this protein

| ess active towards a nunmber of Hsp9®) s client proteins, thereby augnenting
protein stress in the cell. In partigular, for prostateqand breast cancer,
the inhibition of LIDAC6 and the ' ﬂﬁ Hsp90 leads to
di mi ni shed activity of steroid-bi o thE findi ng that

gl ucocorticoid
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receptors require Hsp90 function to engage glucorticoids. Therefore, HDAC6
inhibition | eads to decreased sensitivity to estrogen in breast cancer and
androgens in prostate cancer. [0018]1n any of the above-described aspects,
in certain preferred enbodi nents, the protein degradation inhibitor is an
aggresone inhibitor. In certain preferred enbodi nents, the aggresone
inhibitor is one or nore of tubacign, scriptade, or a conpounds descri bed
herein. In certain other enbodinerfts, the aggresome ithhibitor is one or
nore of the conpounds describeg J P4 g@ US S N

60/ 773,510, filed February 14,7£2006; U S S N 60/7}3, 17 f|Ied February
14, 2006; U.S.SjN. 60/ 289, 850, #Ajled May 9, 2001; UOS. SN. 10/ 144,316, filed
D76, filed July 17, 2003; each of which is
|ncorporated her ei n by reference 001Q] I'n gny of the above-described

aspects, in certain pre 7 rent protei n degradation
nhlbltor I n certaln preferred enbodi nents, the

inhibitor is a proteas
pr ot easone i nhibitor is.gse or nore of bo m b, MGL32, sapojargon, and
NPl - 0052. I n certain enbodi nents,Othe proteasone |nh|b|tor is a conpound

descri bed herein. [0020]1n any offf t he above descrlbqy aspects, in certain
preferred enbodi nents, the profein ar i TthiDiTop i s a peptide
derived from HDAC6, dynein, anlN—ternlnaI peptlde of HDAC6, or C-term nal

pepti de of HDAC6. In certain erred enbodi ment®, the C-terninal HDACG
peptide is sufficient to nDo'Iat a phenotype of a cell. [0021]In any of
ert ajon. preferred enbodi nents, the
clln'car\sequelae in response to a
particul ar treatnent npound, anem a, thronbocytopenia, neutropenia,
osteolytic | esions, bone#pain, inmmunodeficiency, renal insufficiency,

hyper cal cem a, aneupI0|dy of matupe plasna cells, percentage of nalignant
cells, acetylation state of tubulijn, apoptosis of mature plasna cells,

| evel of aggresones in mature pl | s D, ubiNuitination in mature
pl asma cel |l s, HDAC6 a5500|at|e?i\~th dynein in mat{jre p?ﬁsna cells,

phenotype can be bi ol

cel | ul ar Ievels of ubiquintinatéd proteins in matupe plasma cells, l.evel of

caspase-8 in mature plasma cal o evel of PARP in mature plasma ceIIs,

thym di ne uptake in mature plfasmajcellg, dilated ER cisternae, aggregation
% 2hul ins in mature plasma cells,

gt yl ati on of histone proteins,

gl obal wubi quitination ‘st gt ; oteins, state of cell cycle

regul ation, necrosis, nmarkers of apoptosis, apoptosis state, Russell body

f or mati on,1nG¥sdih freforted @ﬁxbédlﬁaéﬁt&&ﬁepﬂate&ﬂ&gmdaﬁi(ﬁi inhibisereip t oompdawati ef thand

nodul ation of cellul ar protei osits, or global acetylation state of

cel lul ar dpmedlg ﬁE@WV@Hé%s“HFHE gyasﬂﬁﬁfﬁ]ln preferred embodi ments, a

decrease in one or nore of |evel of aggresones, thronbocytopenia,

neutropeni a, osteolytic |esions, bone pain, imunodeficiency, renal

i nsufficiency, hypercal cem a, aneuploidy of mature plasna cells, percentage

of malignant cells, thym dine uptake in mature plasma cells, |evel of ful

| ength caspase-8 in mature plasma cells, level of full length PARP in

mature plasma cells, or aggregation of mature plasma cells, indicates that

the treatnent is efficacious.

acetylation state of




[0023] I n preferred enbodi nents, an increase in acetylation state of

tubulin, HDAC6 ubiquitination in mature plasma cells, |level of cleaved form
of caspase-8, |evel of cleaved formof PARP, necrosis, acetylation state of
non- hi stone proteins, cellular ubiquitination |evels, apoptosis, markers of
apoptosis, cell cycle deregulation, or deposits of inmunoglobulins in
mature plasma cells indicates that tBe treatnent is efficacious. [0024]In
any of the above-descri bed aspects, {in certain preferred enhpdi nents, the
met hod includes the further step of ai_n 1.0l ogical le froma
subj ect, and, in certain enbodi méfits, [ her $Hep’ of
obt ai ni ng a second bi ol ogi cal le fromthe subject. [AD25]In any of the
above-descri bed aspects, in cer wpreferred enbodi ment< the nethod

i ncludes the further step of deg ing the subject's phenotype after a
second period of treatnment wth pr ot ei n degradation inhibitor. [0026]In
any of the above-described aspe In certain preferred enbodi nents, the
met hod further includes the step adm nistering a therapeutically
effective anount of one or nore aglditional protein degradation inhibitors
to the subject or cell. In cerpal peferred enbodi nents, at |east one of

the additional protein degradaf§ion i phibitors is an aggresone inhibitor. In
certain preferred enbodi--nts,lg;aggﬂgibgﬁg of the additional protein
degradati on i nhi bitor 2T ot easone~iAfhi D °.I'n pré&ferxed enbodi nents,
t he additional protein degradation inhibitor @w bortezom b,
tubacin , MGl3Ho . sapg 2 NPl -0052, or a culj DS ed herein. In
certain other enbott the protein degradatidn inhibirtor is one or nore
of the conmpounds described in U S. patent applicatons, U S S N

60/ 773,510, filed February 14, 2006; U.S.S.N 60/ (2, filed February
14, 2006; U.S.S.N 60/289,850, filed May 9, 2001; S. N. 10/ 144, 316,
filed May 9, 2002; and U. S.S. N 10/621, 276, filed 17, 2003; each of

which is incorporated herein by reference. [0027]1nany of the

above- descFlickecbngmpristos theiifivegitr &t Parfit@in®y i)l @1MR6 HietHdnd, pharhdaGeiBiihod
further include nnni&griE%Bthe treatnent or progress of the cell or
subj ect. [COPETTIPS-3Y KyF of e MYBBRAR: descri bed aspects, in certain preferred

enbodi ment[8015]he et of tHeldBeve-dedcrived speaB! i fofth ARt hiBisl§asRdat i on
I nhi bi tor "HDAC inhibitor. Compounds known to inhibit HDACs are described in U.S. patent
applications, U.S.S.N. 60/773,510, filed February 14, 2006; U.S.S.N. 60/773,172, filed
February 14, 2006; U.S.S.N. 60/289,850, filed May 9, 2001; U.S.S.N. 10/144,316, filed May
9,2002; and U.S.S.N. 10/621,276, filed July 17, 2003; each of which is incorporated herein
by reference. In certain embodiments, the protein degradation inhibitor preferably inhibits
HDACS6. In certain embodiments, the protein degradation inhibitor is specific for HDACS.

[0016] In any of the above-described aspects, the protein degradation inhibitor
preferably inhibits HDAC6 enzymatic activity, thereby inhibiting aggresome mediated
protein degradation. In preferred embodiments, the protein degradation inhibitor inhibits the
C-terminal aceylation activity of HDACS, thereby inhibiting aggresome mediated protein
degradation.

[0017] " In certain embodiments, the inhibitor of HDAC6 leads to the acetylation of
Hsp90. The acetylation of Hsp90 renders this protein less active towards a number of
Hsp90°s client proteins, thereby augmenting protein stress in the cell. In particular, for
prostate and breast cancer, the inhibition of HDAC6 and the subsequent acetylation of Hsp90

leads to diminished activity of steroid-binding receptors due to the finding that glucocorticoid



[0029] I n any of the above-described aspects, in certain preferred

enbodi nents, the nethod further includes co-adm nistering one or nore of a
chenot herapeuti c agent, radiation agent, hornonal agent, biological agent,
or an anti-inflammtory agent to the subject. In certain enbodi nents, the
chenot herapeutic agent is tanoxifen, trastuzamab, ral oxifene, doxorubicin,

f1 uor our acichb ok thquie fissHoanadien 4 é@é&’éﬂmoﬂ%ﬁfs r ?Ké?éf@re ARATRSHRBSon

cycl ophosphami de, epirubicin, |letrozole, torem fene, fulvestrant,
f I uoxynest dednie, deqrpased sepsitivily) toresirgen rreb(aasbcanm@a%mge@mmms@te aoesst axel

paclitaxel ({Otlgft ol agf, A Pof tﬂ@éﬂobg th%rlgt%@aégﬁcﬁsﬁl'cgﬁam ‘?&H %ﬁgbd}ﬁmi\t%ggﬁl erin

acet at e, oni ¢ aci d t axol Vi n or V nNcri sti ne ] I n any
of the abopmtecheéﬁgradbm mblpé@tlsan aggreseme ihibitpr. dh eertaindprefeirod embotiments,he

met hod fur r t or
post - tr eat hrr{é%n #en %g%éog {T&%a S an‘gﬁu °‘6’h”§’n %a8 Owﬁrﬁé)or%géedr%?%?g
enbodi nment h@remhéa wrtamdmwemb@imtam;aeha ggtebanc:mhlb&sxpmnnh argnphiefbé ype in a

ot or ence Eanyourts GRBIETI GRS B Spignr 55 g n ST A R .

cul tured c@(l)(]6sU SCRINT 607218, L2 fiked Féb:marszhe ZBOQIUzSIS N.&0/28e85@ flledaving Heosubj ect

e o D, BT TR i SR LB i

| ynphocyt esfwlkiahirs idcotgorAdEtreibbprferegl) s, ot her epithelial cells, bone
marrow pl a cells prlmary cancger ceIIs patient derived tunor cells,
nor mal or @gﬁ%]er ous IhEHE] @Y‘?’geSQ’E"éeﬁinaéP-ﬂcTssm CHEAlR B‘le?%rle@ rbediments.dbg j ¢

tunor cell oteﬁfde%ﬁa ﬁmﬁxﬁlﬁ&mrhw&%}eh&n&nﬁmﬁdr B REGH préfifed MBI, fhreov' des
a nmethod of inhibiti n%gaggresorre medi ated protein degradation in a cell.

The net hodPPaiomedahibiis isener groreefhogeromb MEE% eppiaggon rrd NEI9gp 2 slrre
i nhi bi tor. ce&‘tﬁm&ﬁﬁ%@iﬁfeﬁg ﬁ@'ﬁfb@éa%ﬁ@ ﬁhlbitgﬁsﬁ dﬁﬁ%ﬁ?@s@ﬁ%@ief&n{jegr adation is

medi at ed b% . In certain preferred t he net hod further
i ncl udes t QZQ:]t ep ofn ayHifishe gbare- @smx@émtspm@@@mpr@&gﬁéarabwtmemtn thehe cel | .

In certai S%E{eﬁlfcﬁéfaﬁgloﬂqmgi'td}?ﬁ pe tlhg&rﬁrg@ﬁ'gﬁ%??/%dﬁg gfygélﬁ O N- &ﬁhl&gﬁc' n, a

conmpound cribed herein, or a ound 1
i denti fyi rigpptidaedi PH&AGG,Gm@p@umdsl msﬁdtelfémﬂdé@ lh@f:l@lmptb&mwembmﬂlments,ahm ot her

enbodi ment I e conpounds
descri bed |éthle Lﬂﬂ%l ﬁ%g‘t(% Bg%éppl ca%]%lgﬁg%rﬁ%&%‘gé%h %)%??g éoltl] filed February
14, 2006; [00A]S. N. &0dny a3 terdbovd- d&saubeﬁetmeuwly cdrin mﬁaﬁed l:mtiodﬁnbhts the

60/ 289, 850 10/ 144, 3 2002; and
US SN 1O %&}lfpegc?g%glp B °§of%g IJIChmf; Se@tﬁ% M ERAS avﬁ@ccﬁﬁrtrg@%gg rpor at ed
her ei n by qmipem&hm:nu{g@ﬁﬁﬂ:]abcytmniahmu&apm&cbstedlﬁ& lasﬁme,rﬁomapam,r ovi des a

met hod of |dent f acndi ate c ou or nol.ecu to inhibit protein
degradati of 1 1° %ﬁ\é A gmﬁ'bngS’&Fyr %ﬁf&@ lah%ne’s}lf18‘§§° PG q%?(‘ffal“ﬁa »a cel |
exhi bi ti ng)eaggﬂagsﬁhﬁalfgﬁﬁﬂfaéllsoﬁbewlétfd)n&tatbaﬂ(ﬂlhhﬂlﬁﬁ &pﬁﬁﬁ@@bmdaun@wsmdeélm m ni ng
a phenotype gf the cell,, wherej (ﬁé 8% g he. phenot yfﬁ;él i s indicative
of the ef fFPELRLAESTeSOS IB GHAHBE ]é 4 IIBEarIARE Bt qRlemmaslsat e

mol ecul e iISDACE agbeiRfimewieH d}&leﬁﬂﬁkﬂahﬁ‘@bﬁﬁﬂé &lls ebem@atlbﬂqas dfbigasRhidem metic),
or a nucleic acjid (or a mnetic thereof (includi g%a?ﬁ%é“aeptlde nucl ei c

=3

aci ds (Pwmt?ms Privgtweplasmasels bveled cenpsdl amatge p & OERARP i an
RNA, me{ﬂhlé\lplaséh B, @FmidNe uﬂtdke%fnta%ké‘pl&fnfafc%fﬁ @Qat@@ﬁﬁ@lsfé%&fes the
peptide is peptide derived fromthe HDAC6 dynei n-bi ndi ng domai n of

HDACS, t h@gmoa@ﬁmaﬂuwla% depesitnof @mﬁma@b@ms HDAggregtlasigeselds, t er mi nus
of HDACS. bdlyiefdd @dt@oﬂ{cﬁxf}ﬁgtf)ﬁéjpr%ﬂgddcgﬁ%{ﬁn ?flﬁﬁo&%tlsmg@lcﬁﬁ%kgﬁhﬁna?gﬁ't ai ned

in or derived froma library of conpou n certain preferre

enmbodi nentstate affiiee eptlalar prbteghst féattﬁpﬁqﬁthg:ytﬂh eeguiginninggresis ampkdrs efsapaptosig

i mage- basegg, I I, rth spect ,

e oS L TROSN 08! 5AGL A AR By HE: A S0P RS
and modulation of cellular protein deposits, or global acetylation state of cellular or

extracellular proteins.



conmpound. The Method includes the steps of contacting a cell exhibiting
aggresone formation with a test conpound, and evaluating the cell follow ng
contact, wherein a correlation of a nodul ation of one or nore phenotypes to
a reference value is an indication that the test conpound nay be useful as
a protein degradation disorder treatnment. In certain preferred enbodi nents,

the test co ound (S o r re of a,snall. nol ecul e a
nucl ei ¢ adf2 [0034I]"IPFF rggd’ﬁlrcﬁtls’earqegﬁasgr’rﬁgﬁ FERTs b%% ?qﬁga%%\tl)lgg%et hods,
the met hoqlm%hm& pema,q,!em%ama hﬁteslyﬁ@le@ibnﬂbbﬁpﬂm imguadphidamyypaalof t he cel |
after an initial period of treatpent w

t
i nhi bi t or insufficisapy. Aypprealcemins pryrioily 4P B’H‘E %la%?ap‘ieﬂ%%lﬁ{]? gége:fg?‘ﬁ%‘l gant anty e

phenot ype cbfs, alyﬁxh&ﬁ&gmehn Rktuf Pldting k11 RYLIQI @81 lefipth £p8Sn hhae par ticul ar
treatment or conlg Phenot ypes i ncl ude, anenja, thronbocytopenia,
¢

neut r openipiasmas olleyﬁtlioﬁfulllém Byfae |1F’|1?Smfi nOfABETCER maie 5
i nsuf fi ci i%%ac{l?épﬁﬁﬁﬂl:&tﬁfﬂﬂ?etré%ﬁﬁéﬁ@ls%@déc@ﬁs mature plasma cells, percentage

of malignant ce acetylation state of tubulin, apoptosis of mture

pl asma cell083] | evelInprefertpgreabodiments) anjagrease lraﬁj@%’@éleﬁﬁtételoﬁ“%}(‘%r}@)‘%@ésm
cells, 135 LRk 98m S R0CR dd8inh Qf‘ca's érenw& ptiasem cells,
HDAC6 ass?@aﬁaht%lﬁ dyﬁgﬁn}] I'n rfca‘}#ﬁdrfg;wa{’asna cel }Fh,s uoar | evel s of
ubi qui nt i Hereof Pp’dtl’(, eéanesis, mcetmactwnetapl od sprrhistong Qrthl@v@;qHu@F u@a&‘ﬁaﬁ@% in

mat ure pl t hym di ne upt ake
in matur e{ileﬁ'le ’sarng %Og mﬁke ?p?e‘%%cglps}{% &Ee%“ggg‘?gggﬁ’?%‘h&gf mat ure plasna
cells, depﬁmm@mlmﬂulmsmmmgé plastha cedls indioates thabthp ragimenide pfficacienset y| at i on
state of |sto Iob u eqcel lul ar
pr ot ei ns, T@@ér e of %@%devg gesm daléﬁéc%ﬁiencc%pggﬁl s?&er?etdie'&xﬁ)gﬁo eﬁag;b%]%t 0si s,
apopt osi s n&hlﬂidemclﬂé§ﬂle|ﬁhrﬂbﬁdyp ﬁtubmhngmbxolagsca] sampletfraps & sutjjeci redEnbr ane

protein receptor state, and on of L ul ar t.ein .d p05|ts or

gl obal acé?‘?‘?‘%?’iﬂb‘?ﬁmg‘fné%éa’blfl‘ﬂg&'ﬁﬁ%’iﬁh ?—ﬁ?ﬂa E i %n(r%lbﬁ?lg elqns e certain
pref err ed frogiiRosibiRAt S, a decrease in one or nore of anem a, |evel of
aggresomes, thronpocytopenia, neutr ni a, osteol yt| c Ie5| 0 ope pain,

i munodef i(8928hcy, risay ofthea OfVFéF%?ng%easﬂ FLSsrtaiprefe IBBII!‘ b @’F mat ur e
pl asma Ce&Aeﬂlodrfﬁ'dmc@@ﬁ@q&tﬁef stei%ﬂ cﬁfb@ﬂimr{g&hé ﬁ;bjéchs/ﬁheﬁlbﬂype uiﬁralsecohdl pededdur e

pl asma cells, level of full th caspase-8 in mature plasma cells, |evel
of full I@ﬁﬁ?ﬁﬁmﬁwhﬂhwfﬁ'{eﬁ’r‘E 3 Wfq's, or aggregation of mature plasna

cells, jﬁd‘z@} es t hglany Bt Bl?cﬁztel&i@ﬁhbécﬁasﬁwtd GAGHRMprefbieddiodintenpy; gker I ed
embodi men an increase I n acetylation state of, tubulin, global

acetyl at i mﬂ@daf@@er eludey the stemofrdministepng oherpatisHly eﬁe&tﬂ‘éﬁ Founigaag or

ubi qui ti ngtd Ot fb Qiﬁﬁb&é?& E&é&aﬁﬁn(ﬁ&lﬂ;lﬁ)ts tb%%ubj@&dilcaameﬁﬁh Bredfredaspase- 8,
| evel of cleave 1!1 necrosi s, acetylation state of non-histone
pr ot ei ns, embbdinents. ati et one phthe pdskitiqnalrspigin deprepetiesiishibitass i8@pSEFESOHOpt OSi S,
cel | cycl g AR asma
cells i nd?“é‘gfg{é)g #lh%{thﬁﬁre reggﬁﬁg%klﬁtgogggéa?%:a gg%g@&ihb&%fon&lcer t :Slg trlldgH
enbodi nentshilsforsiny pofteasdree mbibiter. de prfirtsd ¢mbedimsts, th@ pdditions] preteinor t he cel |
is a huma s n_ enbodi nment e hods,
the subj e@?g%‘pa‘ E‘L"gbéﬁof 15,080° 9F HRl% °§P‘9&“&Bﬁ’nm§%‘%{‘] a{vﬁﬁg'?rﬁsgﬁﬁ,%%ﬁfg gﬁgfdag%y of

t he aboveofl@ssipdnad deﬁeﬁllsuddmcm He certetii eihtr énsbodimdnitsp thegirdteinglegtedativad from a

d ticat | t d t .
ot her BRI of BptEsnegPimpiis ghFaERL L Hair®l Apigihe LRESHL co 15
or the cel6b/7r7§sdgﬁnedqdbﬁua@mmamoewsrs Ne60/203,Em fikl Féengy, 14M0062U.StSN, pi g,

nvent | onopesuPRba vt PR nf kel b SRR AR RS der i n

subj ect. Theakbts, inaluges, 200808HR BNahiek 1£@ﬁfp‘lﬁdrh&ﬂihd&aﬁ¢ﬂylﬂeﬁfemoe
pharmaceutical |y accep fabi e esters, salts, and rod S hléo reof ; %d
e H dis

i nstructi 8M87For udle. anY At the phoveessribedaspeds dipst ¢

present agethol @ﬁ{ﬁéﬁﬁﬁlﬁhé&ﬁbm&%@gﬁltﬁehﬁr&nﬁ&*ﬁ?@@s rzbgth@ c'é1|116f appdtical ly
ef fective anount of the conpound and a pharnmaceutically_ acceptable carrl er.

[0037] I n §4028] a f upweneef the peayve-described #pesit iberrilguriaaed gmbndineie de

conposi t i g A GaRAGKRAY WA fHelrk RS dbAsAMIE MidbiloRer apeutical |y effective
anount of "an a protein degradation inhibitor and a pharmaceutically
acceptabl e carrier or diluent, wherein the conposition is fornulated for
treating a subject suffering from or susceptible to a protein degradation
di sorder, and packaged with instructions to treat a subject suffering from
or susceptible to a protein degradation di sorder.




[0038] I n still another aspect, the invention provides an isolated nucleic
aci d nol ecul e which encodes a pol ypeptide derived from HDAC6, wherein the
pol ypepti de when expressed in cell exhibiting aggresones causes an

i nhibition of protein degradation. In certain preferred enbodi nents, the
nucleic acid is derived fromthe nucleic acid encoding the Ctermnus of
HDAC6, am i ds - ) . ) i ; am no
aci ds. 701 Q0Eb1 AR o g R AR AR e TR R e o
enmbodi nent syethdddunther ingludespotadmingstering ana ot mateoite cb@ethetensuiicagent, diatien

C-term nus _of ,KHDACG, ; am.n i 439- A i i -790 of
HDAC 6, ani %nt’élg I sﬂa%gf{ﬁ@%fﬁg#gi?ﬁfée?r%ggnﬂ%ﬂj%gg%ryggélngg’ t%%f%ge c ?fiﬁ certain
preferred esdxdembniimentd, khe chemdthérepentic skentis tsnaxifen, dmsitzaatabimalo8iéne] dent i cal
to the Gterm ntﬁs of HDA 5 'no.da}ci gs .439- 503 ?rf OITIQACOG es rri3noclachi ds 500-
790 of HDACCETIYHM fomurag  Pidroga i, SPASHRZOS SRS $LCI9PP8D . | n
cgr tain lor @hﬁﬁiﬁ&,&pﬁﬁﬁéﬁﬂi Imbl%% totehtifene)Ghl@éstranic flabxymestarond, n’aﬁ?ainaabout 90%
identical to the C-term nus o DAC6,, am.no .aci.ds .,439-503 of. C6, amn no
T US| S00. FESOBP AR ReER oL A P Geel R G Gt Rt ng K BT acl O
- 1-460. | n egictiddbihePsdatiefin adtab)beledromobhad, thivg, vintldstneg opdihehistifie.i s at | east
about 99.9% identical to the CGterm_ hus of |I-MACG, ani nq acids 439-503 of
HDACE, anmi M#38Li ds SpemrefghorborpaescEbedaspert weﬁgn?ﬁ%{é@gﬁ@? AsEeshe or t he

am no aci dgefirod G6thel R33! BmPhring onBROMBRY 0fAFNRE treathbst dr PY@AFehiaRRnPr OVi des an
i sol ated po] ypeptide derived from HDACG, wherein the gg(%%geptl de inhibits

aggr esonme ReFoHPeHo gistsndard hragiyaetakn resferred erabodiments, the s BheaplBRisent s,
t he isol at B&dd sl ' i dn SeSIBNGEraSrbgent i fied by
Cterm nusg%fcgﬁljl%)%c& éa]?nﬁﬁo acli 32%?8%5(%?08 °%%d/§%’é, am ngﬁpéci I(;Irs.SOO- 790 of
HDAC 6, anFmbodiaprs thrgefegnge el inpyecs mase of the follewing, edls digmithg gject.n certain
preferred i i J : 80040, | I to any
e or  mor S P e R b e b e o i B ST A, i mo
aci ds 500- FgRindmbdinens, tha weltsdrae thesutject ag3pne mappreBomycel . {BMEH)m aci ds

1-460. In i i | ] t out 80%
Cdonti cal PESLIBERSIEASTIR RRCS SobibeyE Rl Afiqes, Bbod GRS calholl B2 00
of HDACG, epithebal aelisgborsihrro9OplasinaOE pfimagndancer adisdpatie@idefigdd tofhoHBALG, or
the am no acids 1-460. Ln cert.ain,preferred,enbodi t he tide is at
oot mboufSghber sy kPSPl YR S At SER AR omblERERP | I8

am no aci dsst#8@esH03 of HDAC6, am no acids 500- 790 of HDAC 6, am no acids
781-931 of C6, or. the, am no aci.ds 1-460...In certai eferred

eodi ment WOSTe" 0o pabing? Bk, et Rndoriiiovides ibehoEs i RRAb e B oms e o
more of thmefhed Biokis draddih(n,a calll The meihds indBdeHfidsiop of doAfabtingahie bl aci ds
500- 790 of AC 6, am nqQ.acids 78 -%ﬁl of.HDACﬁi or the am no, aci,ds 1-460.
[0040] | n y¥ithanagarespms inhibafor. Inprefemed erpbodiments, e fagrespmparsin djpedatiofont ai ns
a pol ynucl Rehiddifed3abA€6.0n RRGIADreTerall o Pets, the ntvehod gt idcRdéd thebout
80% sequence (;tgent ity to the Cterm nus of. HDAC?, am no ac} ds 439-503 of
HDACS, ani HeP lydn sarteingereteged DA, or t he

/ ! {RsEEeroteRsome Profmecasadaton Hghaes'y Ciai) _
am no aci demdodhféhts, %@ggﬂa%@&ﬁﬁiwgﬁg td¥cih REcodtpoltd deséribell BBVl br O Ot €0 N
degradation. 100411In still another aspect, the invention provides a nethod

of treat i ngPEPPRbIdENtHied b graptkad of Mdeatifinerapdidiic eampamnds asgiearibedbatinon

di sorder. yh&w TRl ol 46sIhaRs, B aRborRd Fhbitst 8ohdI6 théke 8f D] €Ct I N
need thereof an effective amount of an RNA to specifically bind and

i nact i vat ecompeupisaleseribpindé St patent pprdicetianad).E MRS di0MER153 0, filedbFabreary H.an RNAI ,
Si RNA, ant/ N o . t s RNA :

i ncl ude, b%@g?? not q/?fﬁo"i’lt%gﬂ 'EZ' %?&Jgﬁglqgwso? ?’a[g%ésﬁqbéroyﬁgi%rs pin %ggggn@cogé

cor r espondVivgS.-Nol Whdeid 6 altled May 0, HHRCEdl. SHLN| KipeA1A56, led g 17,800 27ch237

(see, e. g'ofV!;I'HaplgEr}coﬁ)tora@éd'herel}}?gy{e?erér%g.o2) 417(6887): 455-8) .

[0032] In another aspect, the invention provides a method of identifying a candidate
compound or molecule to inhibit protein degradation in a cell. The method includes the steps

of contacting a cell exhibiting aggresome formation with a candidate compound, and

10



Brief Description of the Drawing [0042] Figure | shows the expression of

HDAC6 in nultiple nyeloma (MM cell lines. MMcell lines were |ysed and
whol e cel | |ysates were subjected Western blotting to assess protein
expressi on of HDAC6. Figure | denonstrates MMcell lines (lane 1-7)

;ggts;: ;tjggvelg gxloress HE)AE):6 protein. [0043] Figure 2 shows the induction of
a-tubulin ubaci cell .lings. S, . d 1NA-6
cel | s wer éetprrinipg e e%Pnﬂf;PﬁOE% sl W?‘%rﬁmén‘l 31\025’%8 Pﬁ%ﬁpe %E‘Mﬁ%%% ?%‘??Qof
a-tubulin fﬁ@&y%?%%%ﬁlgomﬂ \ﬁe§$r@hf'enbdo@£rﬁdntbgthd&hﬁ@daﬁﬂhckaﬁeﬂsphabradoﬂeyoﬁ| ne
anti body. Figure 2 denonstrates that tubacin ecl cal ol _
acet yl at | asmait malepldmnenh@r{oap%é@lwﬁ “?eg f“é‘éﬁﬂf] g‘? %fe 3 shows
the grow éﬁ:ﬂhvé) Ie%or et n%@lElchud& 1 Th BeIMM ﬁx@feh'edl éxﬁ'ﬁcﬁilméﬂvﬁ tlfbeiulcleid nes
were cul ttreo u%acm for h. Thgﬂg owt h |ﬁg|b|tory

ef fect of adidibaoiRNAasREAsRY GWA%P Amllrc%r%ragfe

3Hthym din
ar owt b1 nEPBICE BVl DAL e nﬁfn e a‘.‘*ﬁa‘ﬁm@ﬁ%}éﬁfﬁe“."ﬁié“

Egggg? E. gm%dcgmmﬁwwésm Neterminusgf o theyGderadmns of HDAUG dBt  of

r r
(520 ngy e i sisdiptit v F e e o e oy
3Ht hym devtnﬁm%mhﬁdseln Edrgmlﬁeﬁnctémbmﬁmaﬂ%ﬂletSMtOfﬂﬂe@mmgﬁﬁP?@m@ﬂ’é of the
maj or gro actor .n oL__over rowm h inhibitory effect of
t ubaci n. fmeﬂﬁcﬁlsgftﬁla‘a%yg%%m“ﬂ%’? i: é‘%‘.sg S gOtEI n de adatl)c/)n pat hwags
and the sgsgtific Ihatybt)m&hﬁ afspyct mmmnmgpfdﬁumahpd rmthmmaatqqt t he

et g T oL o S et JSCF oA QRS 1

formation Wlth a test compound and evaluating the cell following contact, wherein a

correlation of a modulation of one or more phenotypes to a reference value is an indication
that the test compound may be useful as a protein degradation disorder treatment. In certain
preferred embodiments, the test compound is one or more of a small molecule, a peptide, or a
nucleic acid.

[0034] In certain preferred embodiments of the above methods, the method further
includes the step of determining a phenotype of the cell after an initial period of treatment
with the protein degradation inhibitor. In certain preferred embodiments of the above
methods, the phenotype is a biological or clinical sequelae in response to a particular
treatment or compound. Phenotypes include, anemia, thrombocytopenia, neutropenia,
osteolytic lesions, bone pain, immunodeficiency, renal insufficiency, hypercalcemia,
aneuploidy of mature plasma ceHs, percentagé of malignant cells, acetylation state of tubulin,
apoptosis of mature plasma cells, level of aggresomes, level of aggresomes in mature plasma
cells, HDACG6 ubiquitination, HDAC6 ubiquitination in mature plasma cells, HDAC6
association with dynein in mature plasma cells, cellular levels of ubiquintinated proteins in
mature plasma cells, level of caspase-8 in mature plasma cells, level of PARP in mature
plasma cells, thymidine uptake in mature plasma cells, dilated ER cisternae, aggregation of
mature plasma cells, deposits of immunoglobulins in mature plasma cells, acetylation state of
non-histone proteins, global ubiquitination state of the cellular proteins, state of cell cycle
regulation, necrosis, markers of apoptosis, apoptosis state, Russell body formation, Cystic
Fibrosis transmembrane protein receptor state, and modulation of cellular protein deposits, or

global acetylation state of cellular and extracellular proteins. In certain preferred

11



ubi quitinated. The former is the proteasone pathway, and the latter is the
aggresone pat hway, which requires HDAC 6 activity. Therefore inhibition of
bot h pat hways by specific inhibitors bortezom b (VELCADE(r)) and tubacin

i nduced accumul ati on of cytotoxic m sfol ded/ unfol ded proteins. [0047]Fi gure
6 shows that tubacin significantly enhances Vel cade-induced cytotoxicity in

MM cell lines... RP : 1 Vel cade
(5 and 10 %’Rﬁ"‘ﬁ“ﬁ%‘%g d%ér%éas?gﬁ%ene(’gq“gﬁ%’qfé%ﬁoqg@rl 8%%%@%3’%%@%‘%%%0%&?% 24h.
Cyt ot oxi Ci heutropeniz sgespiedediyns\iche asis AypmuBpdeiicieney, devbinsuificicray, t hat t ubaci n
significani| <. 0,01 u nted. cvto .Gl ri 2 in
both cell f‘){pﬁg’égafﬁoﬁf}}—l?@ﬁggI%?mgarpé%%’atc%g% b%ﬁ%%%%ter? Iflg%ﬁ%%g% %Yléﬁ*ﬂq 1g%kr%est
triggered hptakédh aathee plasoid oélls,dede]l o fulllengthtSpewtd & e plasmaloellsedveliofh

Vel cade (5 ' .presence (5 JAM or absence, of bacin .far 24.h. Cell
cycl e wag @’@%ﬁm 1‘?‘?‘6@%@%‘%&?’#’ %%ﬁraelg% O%soqtﬁnsaluﬁ%pfﬁ?%%&lc]ills ﬁ?%c?t%soﬁh %e

stai ni ng. thelesinentss gficAdicisntd gerthinlprdiertedl cmboiinsentseat inaressedn adegydatibawn

regul ation of p2lciPl, triggered by Vel cade and i nduced sup- hase
(anopt os! s5tae AT Rk ek e EtR g HERE Y e Bt PR HOAe and
PARP cl eavggguitisation dHi6Adre¥ashil ReliO [EREIRE tle@fed FormVef cagisdee-8i1evel biddased. MM 1S
and RPM 8226 cells were cultured wth Vel cade (5 nM tggq@[_es_ence (5
p, M or ab®EReEPARPReswsisypceiylationstpte Ofﬁ%fb]é}%t@n%mg‘?eg’sa‘f?hg% AP ge wer e

assessed by, Mesb&sokid Al absidies, SdMRS Lk IderepMbiidiD B @posifsiogur € 8
denonstr at e\s’ thgfﬂ cé)moi natsi ore}bbg{‘t Vel cade w t%ﬁlt ubaci%%rrar kedl y augnent ed

(i nduces) EmEpwsobunRm s plepma osllppdisatenibpt the HeaimentdpeffiratiQyer e 9 shows

that tubacjggssyi 9ni f i ARl YenRRRBAGEDEYEY SAHEHREMERALEY OO Gk kibjbdd oMM
patient tunor cells. Purified tunmor cells from MM patients were cul tured

wi th Vel caidte cqlbisaiuman mvprtain emhediperis efany of rebpveodeseifed mesthads, thubaci n f or
Cibaci ) o hEl ik 495, ARaARAGE I Mbln ARSI G 0P aIBRARES | 1N

tubaci n signiticant ugnents cytotoxiclity triggered by Vel cade
i n pati entmethods; the stbject is[@ Gs1deHigderized Hord e soms sticatee gnitabife. g Hogcwbbi nat i on

treatment of, Vel cade wi th Tubaci SN taxi chty.i.R normnal
peri pher al mg?n;{’ocﬁ%nglﬁb%oﬁé ISlée:‘fE’ e?éé} %%@%ER}E@C%@&]%E%JW%%?B%F arfqté%hﬂ\}c gl unt eers
wer e cul t unetlods, thh sigéot ische th{eSoeR @s debdyved fiorh lae expeeizentabarifallely), rousalsence of

t ubaci n for. ZCfé h..(%t oto iciﬁi)‘/x{wasé %Zcﬁl(essed by MIT assay. Figure 10
denonst r atB& PRA"OHT Rarr K PFEEE of Vel cade with tubacin did not
trigger cyf0o36xi cit ¥n anotHeBbdpsct, the Givedtkingusedel b kithforseatingh ptasddaci n i nhi bits

1S oo SRS DOIE Loy SIS S MR 5 = e

pharmaceutically acceptable esters, salts, and prodrugs thereof; and instructions for use. In

certain preferred embodiments, the compound is present as a pharmaceutical composition
comprising a therapeutically effective amount of the compound and a pharmaceutically
acceptable carrier.

[0037] In still a further aspect, the invention provides a packaged composition. The
packaged compositions includes a therapeutically effective amount of an a protein
degradation inhibitor and a pharmaceutically acceptable carrier or diluent, wherein the
composition is formulated for treating a subject suffering from or susceptible to a protein
degradation disorder, and packaged with instructions to treat a subject suffering from or
susceptible to a protein degradation disorder.

[0038] In still another aspect, the invention provides an isolated nucleic acid molecule
which encodes a polypeptide derived from HDACS6, wherein the polypeptide when expressed
in cell exhibiting aggresomes causes an inhibition of protein degradation. In certain preferred

embodiments, the nucleic acid is derived from the nucleic acid encoding the C-terminus of
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and 5 nM or absence of Velcade, wth or w thout bone marrow stromal cells
(BMsSCs) for 24 h. Cell growh was assessed by 3Hthym di ne uptake. Figure
11 denonstrates that tubacin significantly inhibits MM 1S cell growth even
in the presence of BMSCs. Moreover, tubacin further augnented cytotoxicity
of Vel cade. [0053]Figure 12 denonstrates that tubacin specifically induces
a"gt yl at i oMD{CE aminokivid 43|9 mg\d%mmmé am(r&)acﬁbso%lwd ofsifim%gtwlaﬁﬁm @tid$ ubaci n
and an ina ni | t ubaci n stern bl ot of baseline expression
of HDACG ﬁ%ﬁk@@ﬁ&ﬂ@g the(d@mwds(lg*)ﬁan wRBRResSedambodinents, warrdeied for
24 h in thecipiesRAGAbGOR 65%@(!1@11:1511 RMhe eLiedimang emAcs, uﬂﬁ{yaelds 48)_56%) 8226

cells were_cultured for the time indicated times in the presence of tubacin

(5 gV . VSRS pminpyeids eQ0-790of HRASY Baminp acs\iB31984 ﬁf BP&Coye theyaminpi - Ac

lysine Ab. aélmmblmkéﬁangprwe;r@d @fﬂﬁdcﬁmalﬁ Hﬁlﬁh&l&c%ﬁﬁ‘fseﬁ aﬂ@&ft ) s@}aua'
protein loading. (E) MM 1S and RPM 82 were culture 24h in the

presence (Henticghig tiy ¢tgppinys Oﬁﬁgéﬁéeaf@iﬁo SA@W”W% o€ HBA GO, Bl}lg)&taelds oed-e
subj ect ed Masd t to
FUbaci 1 SA oy eadl SR Pl Ar BDC G thy i obk LB IRELERT,

[ 0054] Fi guptsferrsd a@hftdmmtatﬂwuph@tacndum@t least abhwt 8¢ ddemticadd the Cytemmaus of

RoM - LS (R iR 4 e el Wi s so AR oMAC RERRY o)

t ubaci n (1781593 fHDMCE, or thd 8mino(adids aﬂdo 18 cértafjiB)refe(re] eRBMinéms, nhdmrcr&d

vol unt eers i.n th sence aci.n (2,5 , for

48 h. Cel |a°g‘p‘S\?Ci %sabg‘gsg’g?f ge t“‘aﬁ\}ﬁ 39‘““%%@&’85#3 Fine é‘%@%‘%—”%@gﬁ ( SD)

of quadr uplﬁDAélﬁearmub beide300-19D)of WAClﬁaﬁﬂﬁbdﬁfdb’lle—%l 6£HDA O6psr@heathingr ed wi t h
t ubacin (10 Cg d‘or the times indicated. Wole cell |ysates were subjected

to Western' b | hg usi ng anti caspase-8 and PARP Abs. [0055]Figure 14

denonst r at [Gﬂsstlhat t bt anoﬂhamsbectﬁhdmw@ha@pmldbma@oma olghyepaiddedeg When
ni fi cant accunul ati on of

conblned i ndyces

pol yubi qU| Eﬁ&éiw réinﬁge pqlmeppéeptapgg%gggﬂsomgfqe@ﬁtgp Braifin degsedation daj n
enhances Céﬁh&h@i@fﬁtéd)énibﬂ@iﬁﬁﬁ@ 1y isblateli 9aR P ghdé a&a&{seﬂaﬁmﬁbﬁa Edte o€t a!
(17)). (B). ells vvere cul tured vmthtubacm 2.5 and 5g\ or 8h.
Wiol e cel |1d‘%@5@§1§ (PR G empiotagids A3 3P 3o TR A Coppmape acids 500-790

| mununoprg eI e Gtaﬁiﬁm\!\&ﬁ& RUBI3e o A AE, Yast %ﬁolabﬁs § '4@@ IH %érlih% %@ﬁrﬂe@\h
(© MM 1S cells were cultured V\nthtubacm( . 5 oIe

cel | | ysat@bodigeats; thanertige deatdeaskabent 6% Wentioel tOcH)Yl éilﬁnormpre Of the C-

| nununoprgaiiRi t I
it |- HDAC e B o B s e PN PR et it
t ubaci n ( Zm8n sg819R) of FPALhhor thyshigo eeifly 1-#9G dnesrtaie preferedj ect ed to

Veéstern b%ﬁfm&iﬁkﬂ@ tﬁﬁ'*)ép'tlhjp APl ét@)ody%‘% d?xﬂgal é&%(ﬁ%%pm%gel #ﬁhe{ﬁr & cul tured

with tubacin (T: or ezomb ol e cell
| ysat es \Aé?r@msaalgf HBrA&ﬁ ammvesrxieﬁw - 030 HDWC & simgp awirtsi SOUT9Rbf HDAC 6,

amino acids 781-931 of HDACSG, or the amino acids 1-460. In certain preferred

embodiments, the peptide is at least about 90% identical to any one or more of the C-
terminus of HDAC6, amino acids 439-503 of HDAC6, amino acids 500-790 of HDAC 6,
amino acids 781-931 of HDACS, or the amino acids 1-460. In certain preferred
embodiments, the peptide is at least about 99.9% identical to any one or more of the C-
terminus of HDAC6, amino acids 439-503 of HDAC6, amino acids 500-790 of HDAC 6,
amino acids 781-931 of HDACS, or the amino acids 1-460.

[0040] In yet another aspect, the invention provides a vector which contains a
polynucleotide capable of encoding a polypeptide having at least about 80% sequence
identity to the C-terminus of HDAC6, amino acids 439-503 of HDACS6, amino acids 500-790

13



[ 0056] Fi gure 15 denonstrates that tubacin and bortezom b induce synergistic
anti- tunor activity in MMcell lines. (A) MM 1S and RPM 8226 MM cel |l s were
cultured for 24 h in the presence or absence of tubacin (5 pM in control
media (o), as well as with 5 nM (o) or 10 nM (a) bortezotnib; cytotoxicity
was assessed by MJ assay. (B) MM 1S cells were cultured for 24 h in the

presence Obfﬁbﬁ&ﬂﬁﬁmﬁfo‘aEidB@@i-%1(@f@M@%ﬁ‘ﬁfe%hwcﬁcﬁ?l%paxﬁ(@h?}ﬁétéﬂééﬁlbg cycle

profile was assessed by flow cytonetry ‘using Pl staining. (C) MM1S Cells
ver e cul t uthsdbigy tojuhibi} profefedogradatioiee” or absence of tubacin (T: 5 ilM
and/ or bor ygygem b (B M AR = ). Yéstern
bl otting uli ngjmqnt |%p1)§§11%:| Pl ,er %gﬁg‘%@h%gx%%o?@caspgg’g{e&oaggg%gﬁslg-gg%&%ﬁpase- 3
and PARP ABegradefipn disasedrior ordlutar profifisationtdisprder. affsfnesgthasidndlidel tHaBRE®Tsi RNA.

R T R e e

cel | s wer eamlihactivaelthied¥DARA6, Inicettainiptefarivd einhoditefis AhelREATLE M) RNAILSIRNE] n (2.5

oo 5Py e R IR HPhER A R -CRN BB ST a el BB ARAS,
Data r epr ebednublmanciedSD)laiqﬁn spaachicedorregioadiag td aniias aci§ QI AC@atr e 16

denonstrates, t hat i yjigrgi stical ly enhances ezom b- i ced

cyt ot oxi Ci ?Vlﬁoﬁgeﬁgﬁr’ggfoﬁr\lﬂ)\}ﬁgéﬁl( evﬁ'@ﬁ%ﬁtﬂ%ﬁﬁf t’%f”éf&&&)oﬁ%g@:%%a (A,
B, © and PBMCs (D) from3 MV patients were cultured in the presence or
absence of tubacin (5 pM in control nedia (o) as well as with 10 nM (r) or
20 nM (n) bortezom b for 24h;, cytotoxicit assessed by MIT assay. (E)
MM pati ent PBMCs were cul tur?J'#ﬁ?efﬂg’“ﬁpé’gg’\fl‘f%awn%bsence of tubacin (5pM.
Whol e cel | [0D42]at es iguee 5 shojwa cliccskpieosiMESHED ACH irdh hitiple nisfelong: BANI) cdHDACS,

Fohibit s iR e S Ferepied ghdufble Sifpeta e SibiraeRak B HoERs (e | s

\(/\B; e cul twfslfads jfn@fe_ilﬂeﬁtpi‘fséidm ahmﬁzﬁcearéig?eqkie?@?s&&at\gd CE}:I ?ﬁfsuahﬂmpnt rol mﬁdi a
0); as well as.with 1. a),. 2.5 pM(a), or 5 pM(a) tubacin, in the

~ presence oﬁ”n%{ﬁ‘gﬁ’%eexﬁ‘iﬁs%gﬁ%glfé’ W(2.5 nM 5 nM. DNA synthesis was

assessed go4331- 1] - Fipyd Hinoess witiadRtiotl ot Rety BRUSSEHINBAMbdcinIPM el

quadruplicate cultures. [0059]Figure 18 denonstrates that tubacin al one,

bor t ezoni HingH- M- 1% REMISAA andiiNonG cedls werpyaeubated mathiehaciaAd:didDdor24bot ent
i nhi bi t or sa@fyldtoR bh-Mubmilth ¥a0hdss@rd By Wﬁé‘n%ﬁtﬁi@t R aﬁﬁ%e&ﬁ!eh si

[ 0060] Figure 19 shows_a schematic of the high-1throughput”i nof | uor escence
quant i t at iapeboslys Aigure? demaensiyates thet tubasin sperifigally indusesiac¢tmigtiomefgetsbulin in
[ 0061] Fi ggrcgsezggpgml%sfagﬂ}@n_toxi city and synergy of Tubacin and LBH589 with

[0044] Figure 3 shows the growth inhibitory effect of tubacin in MM cell lines. MM
cell lines were cultured with tubacin (1.25-20 pM) for 48 h. The growth inhibitory effect of
tubacin was assessed by both MTT assay (Figure 34) and *H-thymidine uptake (Figure 3B).
Figure 3 demonstrates dose-dependent growth inhibitory effect of tubacin as single agent in
MM cell lines.

[0045] Figure 4 demonstrates that IL-6 does not overcome the effect of tubacin.
MM.18 cells were cultured with tubacin (1.25-5 pM) in the presence (5-20 ng/ml) or absence
of IL-6 for 48 h. DNA synthesis was measured by *H-thymidine uptake. Figure 4
demonstrates that IL-6 which is one of the major growth factor in MM, did not overcome
growth inhibitory effect of tubacin.

[0046] Figure 5 graphically depicts protein degradation pathways and the scientific
rationale for combining VELCADE with tubacin in the treatment of protein degradation

disorders. There are two pathways which degrade misfolded/unfolded proteins which are
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Bortezom b in MM 15 cells. [0062] Figure 21 shows the toxicity and synergy
of Tubacin and L13H589 with Bortezom b wth RPM-8226 cells. [0063] Figure
22 shows the effects of LBH589 and Tubacin on acetylated tubulin versus
acetylated |ysine using the cytobl ot assay. [0064]Figure 23 shows the
chem cal structure of Tubacin. [0065] Figure 24 shows the synergy between

Tubaci n andbiqeitiasted The fonmet io iR peetbdsome pgﬁw?&n%\ﬂdgr laJtt)t&r, is m}g&ggﬁ%onb%t’:v! cel |l s.
[ 25 d . at t ) lcity.qf .Tu | or tubulin,
ooty at FoRERy SE e BDACHT e, Thefestrk witin o ool oy breeifient cal

acetylatio

structure afhitiRs(Uoyezonits (VB ADB®RGH futha BhiMduddalasinblatiohte oi?ﬁzs@f(%é % gftF Pé L o

27 shove t AEGHUTTYBEERMED DEM Tubaci n and Vel cade | n myel o
[0047] Figure 6 shows that tubacin significantly enhances Velcade-induced
cytotoxicity in MM cell lines. MM.1S (A) and RPMI8226 (B) cells were cultured with
Velcade (5 and 10 nM) in the presence (5 and 10 pM) or absence of tubacin for 24h.
Cytotoxicity was assessed by MTT assay. Figure 6 demonstrates that tubacin significantly (p
<0.01) augmented cytotoxicity triggered by Velcade in both cell lines.

. [0048] Figure 7 shows that tubacin inhibits G2/M arrest triggered by Velcade in MM
cells. MM.1S cells were incubated with Velcade (5 nM) in the presence (5 pM) or absence of
tubacin for 24 h, Cell cycle was examined by flow cytometric analysis using propidium
iodine staining. Tubacin significantly inhibits G2/M arrest associated down regulation of
p21€P1, triggered by Velcade and induced sub-G0/G1 phase (apoptosis) in MM.18S cells.
[0049] Fz‘guré 8 demonstrates that caspase and PARP cleavage is induced by the
combination of Velcade with tubacin. MM.1S and RPMI8226 cells were cultured with
Velcade (5 nM) in the presence (5 pM) or absence of tubacin for 24 h. Caspase-8/9/3 and
PARP cleavage were assessed by Western blotting using specific antibodies. Figure 8
demonstrates that combination of Velcade with tubacin markedly augmented (induces)
caspase/PARP cleavage in both cell lines.

[0050] Figure 9 shows that tubacin significantly enhances Velcade-induced
cytotoxicity in MM patient tumor cells. Purified tumor cells from MM patients were cultured
with Velcade (5 and 10 nM) in the presence (5 pM) or absence of tubacin for 24 h.
Cytotoxicity was assessed by MTT assay. Figure 9 demonstrates that tubacin significantly (p
<0.01) augments cytotoxicity triggered by Velcade in patient tumor cells.

[0051] Figure 10 demonstrates that the combination treatment of Velcade with
Tubacin does not trigger cytotoxicity in normal peripheral blood mononuclear cells
(PBMCs). PBMCs from 3 normal volunteers were cultured with Velcade (5-20 nM) in the
presence (5 pM) or absence of tubacin for 24 h. Cytotoxicity was assessed by MTT assay.
Figure 10 demonstrates that combination treatment of Velcade with tubacin did not trigger
cytotoxicity in PBMCs. '

[0052] Figure 11 shows that tubacin inhibits MM.1S cell growth in the bone marrow
microenvironment. MM.1S cells were cultured with tubacin (1.25-5 pM) in the presence (2.5
and 5 nM) or absence of Velcade, with or without bone marrow stromal cells (BMSCs) for 24
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cell lines (A MM 1S, and (B) RPM cells. [0069] Fi gure 28 denonstrates
the specificity of DHW Tubacin for tubulin acetylation versus |ysine
acetylation. [0070] Figure 29 shows the chem cal structure of NKI-81-1.
[0071] Figure 30 shows the synergy between NKI-81-1 and Vel cade in nyel oma
cell lines (A) MW1.1S, and (B) RPM cells. [0072] Fi gure 31 denonstrates

the speci fhcb%ggl%,fms agges%gfbg Htth’}%'i nguﬁ%% o r|e9?‘d¥1§51§&§te§%§ﬂtﬁ€ac1§14 .

acetyl ation the ¢ structure for NKI -
[ 0074] Fi gusignifganglfi ankébits MEMshpreeH g;ombtmemﬂwmresme of BN Oye Mosgprer, fibagiel ona

cell Ii nesﬁﬁtﬁ\% %ﬁﬁn%‘éid‘%gﬁo’g?‘)‘yga\%l gell's. [0075] Figure 34 denonstrates tvhe

specificity O or tu nacetylatlon
[0053] Figure 12 demonstrates that tubacin specifically induces acetylation of o-

tubulin in MM cells. (A) Chemical structures of tubacin and an inactive analog niltubacin.
(B) Western blot of baseline expression of HDAC6 in MM cell lines. (C) MM.1S and
RPMI8226 cells were cultured for 24 h in the presence (2.5 and 5 M) or absence of tubacin.
(D) RPMI8226 cells were cultured for the time indicated times in the presence of tubacin (5
pM). Whole cell lysates were subjected to Western blot using anti-Ac lysine Ab.
Immunoblotting with anti- a-tubulin serves confirms equal protein loading. (E) MM.1S and
RPMI8226 cells were cultured for 24h in the presence (2.5 and 5 pM) or absence of SAHA.
Whole cell lysates were subjected to Western blotting using anti-Ac lysine Ab. In contrast to
tubacin, SAHA markedly triggers acetylation of histones H3 and H4.

[0054] ~ Figure 13 demonstrates that tubacin induces cytotoxicity via activation of
caspases. MM.1S (o), MM.IR (o), U266 (A), RPMI8226 (A), RPMI-LR5 (m) and RPMI-
Dox40 (m) cells were cultured in the presence of tubacin (1.25-20 pM) for 48 h (A) and 72 h
(B). (C) PBMC form normal volunteers (n=3) were cultured in the presence of tubacin (2.5-
20uM) for 48 h. Cell growth was assessed by MTT assay, and data represent mean (+ SD) of
quadruplicate cultures. (D) MM.1S and RPMI8226 cells were cultured with tubacin (10 pM)
for the times indicated. Whole cell lysates were subjected to Western blotting using anti-

caspase-8 and PARP Abs.
[0055] Figure 14 demonstrates that tubacin inhibits binding of HDAC6 with dynein

and when combined with bortezomib, it induces significant accumulation of
polyubiquitinated proteins. (A) Hypotheticval rationale whereby tubacin enhances
cytotoxicity induced by bortezomib (adapted from Kawaguchi et al (17)). (B) MM.1S cells
were cultured with tubacin (2.5 and 5uM) for 8h. Whole cell lysates were
immunoprecipitated with anti-Ub Ab. Immununoprecipitates were subjected to Western

. blotting using ant-HDAC6 Ab. (C) MM.1S cells were cultured with tubacin (2.5 and 5 pM)
for 8 h. Whole cell lysates were immunoprecipitated with anti-dynein Ab.
Immununoprecipitates were then subjected to Western blotting using anti-HDAC6 and
dynein Abs. (D) MM.1S and RPMI8226 cells were cultured with tubacin (2.5 and 5 pM) for
24h. Whole cell lysates were subjected to Western blot using anti-Ub Ab. (E) MM.1S and
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versus |ysine acetylation. [0076] Figure 35 shows the chem cal structure for
NKI -59-1. [0077]Figure 36 shows the synergy between NKI-59-1 and Vel cade in
nyeloma cell lines (A) M 1S, and (B) RPM cells. [0078]Figure 37
denonstrates the specificity of NKI-59-1 for tubulin acetylation versus

| ysine acetylation. [0079]Figure 38 shows the chem cal structure for

NKI - 60- 1. ROOBODE Ca wers Suliramwitt ﬁsaéﬂgarﬁwp@imwn&ﬂoﬂi@@: 1s anglfoyghcade in
nyel oma cell | ines gyA) MM 1S, and (I:;% PM cells. [0081] Fl gure 40
denonst r at @sWMbpls celh sates were yubjecteddo-Betern plgtting yping ppi-Heéby | at i on ver sus

l'ysine acejoyk@it i on. Figure 15 demonstrates that tubacin and bortezomib induce synergistic anti-
tumor activity in MM cell lines. (A) MM.1S and RPMI8226 MM cells were cultured for 24
h in the presence or absence of tubacin (5 pM) in control media (), as well as with 5 nM (w)
or 10 nM (m) bortezomib; cytotoxicity was assessed by MTT assay. (B) MM.18S cells were
cultured for 24 h in the presence or absence of tubacin (5 pM) and/or bortezomib (5 nM); cell
cycle profile was assessed by flow cytometry using PI staining. (C) MM.1S cells were
cultured for 24h in the presence or absence of tubacin (T: 5 pM) and/or bortezomib (B: 5
nM); whole cell lysates were subjected to Western blotting using anti-p21°!, p-JINK
(SAPK), caspase—9., caspase-8, caspase-3 and PARP Abs. MM.1S cell were transiently-
transfected with HDAC6 siRNA. Cells were ihén subjected to (D) Western blotting using
anti-HDACG6 Ab or (E) MTT assay, in the presence or absence of 5 nM bortezomib ().
MM.1S cells were cultured for 24h with niltubacin (2.5 and 5 pM) or tubacin (2.5 Vand 5 pM).
Cells were then subjected to (F) Western blotting using Ac-Lys Ab, or (G) MTT assay, in the ‘
presence or absence of 5 nM bortezomib (m). Data represent mean (+ SD) of quadruplicate
cultures. _
[0057] Figure 16 demonstrates that tubacin synergistically enhances bortezomib-
induced cytotoxicity in patient MM cells without cytotoxicity to PBMCs. BMPCs (A, B, C)
and PBMCs (D) from 3 MM patients were cultured in the presence or absence of tubacin (5
pM) in control media (o) as well as with 10.nM (m) or 20 nM (m) bortezomib for 24h;
cytotoxicity was assessed by MTT assay. (E) MM patient PBMCs were cultured in the
presence or absence of tubacin (5SpM). Whole cell lysates were subjected to Western blotting
using anti-HDAC6, Ac-Lys, or a-tubulin Abs. |
[0058] | Figure 17 demonstrates that tubacin inhibits paracrine MM cell growth.
MM.1S (A) and RPMI8226 (B) cells were cultured for 24 h in BMSC-coated or non-coated
plates in control media (o); as well as with 1.25 pM (m), 2.5 pM (m), or 5 uM () tubacin, in
the presence or absence of bortezomib (2.5 oM, 5 nM). DNA synthesis was assessed by
[*H]-thymidine uptake; data represent mean (& SD) of quadruplicate cultures,
[0059] Figure 18 demonstrates that tubacin alone, bortezomib alone, and
combinations of tubacin and bortezomib are potent inhibitors of protein catabolism in MM.1S
cells and RPMI cells.
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[ 0082] Figure 41 shows the chem cal structure for NKI-82-1. [0083]Figure 42
shows the synergy between NKI-82-1 and Vel cade in nyelonma cell lines (A

MM 1S, and (B) RPM cells. [0084] Figure 43 denonstrates the specificity of
NKI -82-1 for tubulin acetylation versus |ysine acetylation. [0085]Figure 44
shows the chem cal structure for NKI-84-1. [0086] Figure 45 shows the
syner gy befofegn NKI -Bgurd 18 sidbvel scleedentic nfmyhighnﬁoﬁgipht irr;&mmﬂ@&)e?d%dgsé4a2d
B) RPM cel | .[10087] Fi gu 46 demonstrates .the specificity o - 84-

for tubul | asbiapbs Ermun Sep O e G RAGE | 203T col 5.

[ 0088] Fi guoact/ shovlgirbeo sioweele tokicifypaiGneranel Nikci4nd LBAS89Hith i N

acetylatl o fidbom i MU1S cefls.
[0062] Figure 21 shows the toxicity and synergy of Tubacin and LBH589 with
Bortezomib with RPMI-8226 cells.
[0063] Figure 22 shows the effects of LBH589 and Tubacin on acetylated tubulin
versus acetylated lysine using the cytoblot assay.
[0064] Figure 23 shows the chemical structure of Tubacin.
[0065] Figure 24 shows the synergy between Tubacin and Velcade in myeloma cell
lines (A) MM.18S, and (B) RPMI cells. ‘
[0066] ~ Figure 25 demonstrates the specificity of Tubacin for tubulin acetylation
versus lysine acetylation.
[0067] Figure 26 shows the chemical structure of desthydromethyl)-Tubacin (DHM-
Tubacin). The hydroxymethyl substituent off the phenyl ring in Tubacin has been rem‘oved.
[0068] Figure 27 shows the synergy between DHM-Tubacin and Velcade in myeloma
cell lines (A) MM.18, and (B) RPMI cells.
[0069] Figure 28 demonstrates the specificity of DHM-Tubacin for tubulin
acetylation versus lysine acetylation;
[0070] Figure 29 shows the chemical structure of NKI-81-1.
[0071] Figure 30 shows the synergy between NKI-81-1 and Velcade in myeloma cell
lines (A) MM.18, and (B) RPMI cells.
[0072] Figure 31 demonstrates the specificity of NKI-81-1 for tubulin acetylation
versus lysine acetylation.
[0073] Figure 32 shows the chemical structure for NKI-94-1.
[0074] Figure 33 shows the synergy between NKI-94-1 and Velcade in myeloma cell
lines (A) MM.18S, and (B) RPMI cells.
[0075] Figure 34 demonstrates the specificity of NKI-94-1 for tubulin acetylation
versus lysine acetylation.
[0076] Figure 35 shows the chemical structure for NKI-59-1.
[0077] Figure 36 shows the synergy between NKI-59-1 and Velcade in myeloma cell
lines (A) MM.18, and (B) RPMI cells.
[0078] Figure 37 demonstrates the specificity of NKI-59-1 for tubulin acetylation

versus lysine acetylation.
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[ 0089] Fi gure 48 denonstrates the specificity of NKI-84-1 for tubulin
acetyl ation versus |ysine acetylation in A549 cells. [0090]Fi gure 49
denonstrates the specificity of Tubacin for tubulin acetylation versus

| ysine acetylation in A549 cells. [0091] Figure 50 shows the effect of
Tubacin and NKI-84-1 on tubulin acetylation in A549 cells. [0092]Figure 51
shows the TOAL] i nhi higwe ¥8 slowis\the ghemical dmctomrfpoNKi60-tlubaci n, NKI -82-1,

10093] Fi gulIl s 5 £oka 7t s yrad b et R RORRE S BBty 1 on

of the conﬁmsr(dmlﬂ\mb&caind(Bm\MIwDHU n, NKI-59-1, NKI-60-1, hNKIb- 83 1, f
NKI - 84- 1., -94-1, 81-1. 09 u e binding o
vari ous coh@gums t Eat%if% %\%g%f ?Q\T}g‘f éﬁi?‘?f\rl\@g‘thl}@?}%lﬂ‘%s

conpounds {réraiseybiﬂerhc&y@ﬂcsrﬁ 53A whi ch were not included in previous

figures. [0082] Figure 41 shows the chemical structure for NKI-82-1.
[0083] Figure 42 shows the synergy between NKI-82-1 and Velcade in myeloma cell
lines (A) MM.1S, and (B) RPMI cells.
[0084] Figure 43 demonstrates the specificity of NKI-82-1 for tubulin acetylation
versus lysine acetylation.
[0085] Figure 44 shows the chemical structure for NKI1-84-1.
[0086] - Figure 45 shows the synergy between NK1-84-1 and Velcade in myeloma cell
lines (A) MM.18, and (B) RPMI cells.
[0087] Figure 46 demonstrates the specificity of NKI-84-1 for tubulin acetylation
versus lysine acetylation in 293T cells.
[0088] Figure 47 shows the effect of Tubacin and NKI-84-1 on tubulin acetylation in
RPMI-8226 cells.
[0089] Figure 48 demonstrates the specificity of NKI-84-1 for tubulin acetylation
versus lysine acetylation in A549 cells.
[0090] Figure 49 demonstrates the specificity of Tubacin for tubulin acetylation
versus lysine acetylation in A549 cells.
[0091] Figure 50 shows the effect of Tubacin and NKI-84-1 on tubulin acetylation in
A549 cells.
[0092] Figure 51 shows the TDAC inhibitory activity of the compounds—tubacin,
NKI-82-1, NKI-81-1, NKI-93-1, NKI-94-1, NKI-59-1, NKI-60-1, DHM-Tubacin, and MAZ-
1428.
[0093] Figure 52 is a chart showing the HDAC inhibition and TDAC inhibition of the
compounds—tubacin, DHM-tubacin, NKI-59-1, NKI-60-1, NKI-82-1, NKI-84-1, NKI-94-1,
and NKI-81-1.
[0094] Figure 534 shows the binding of various compounds to HSA. Figure 53B

shows the structures of various compounds listed in Figure 534, which were not included in
previous figures.
[0095] Figure 54 shows the solubility of tubacin in various solutions for mouse

multiple myeloma model and pharmacokinetics.
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[ 0095] Fi gure 54 shows the solubility of tubacin in various solutions for
nmouse nultiple rnyel oma nodel and pharnmacoki netics. [0096] Fi gure 55 shows
the total synthesis of tubacin. [0097] Figure 56 is a synthetic schene for
preparing an internedi ate useful in the synthesis of

des( hydroxymet hyl ) -tubaci n. O her al dehydes nmay be used to begin this

synt hesi s [obsdleby aF@mm5ﬁﬂmuwﬁmugﬂsaMhdéaﬂhdhduiversity at this site.

[ 0098] Fi gg@@é? sho dst .her éhem\éﬁ%ﬂésdmﬁ%gnu@ enﬁéﬁ?ﬁg{x&ﬁﬂ[up&gg] Fi gure

58 shows I ary ng reacti preparing various
anal ogs ofsyhth&sxé cﬁf\dess(hydt&mﬂ’g@)embmn Thibersaddebydes ialy bs Usedtt@begurh'@suse of

vari ous nucl eo en the e [.ou Io create the dio

f unct i onal PH{® 40%1'#’ ‘?%QE%'EE ﬁbagegt qogf(%f%évegﬂfﬁﬁ SPE U uct ure. [00100] Fi gur e
59 denonstpedsys theFEg%Fth?@}iowbﬁ&ﬂNﬂﬁﬂeMplﬁi@mﬂ’&sx(sVﬂuﬁﬁﬁB(c)) and tubacin in
breast cancer. The se of n HDACB i nhi bifor such t ubci.n renders t he
breast can@®Plcel | s QWS eXFIIRIALY ERAX pFWHﬂ?F? F’Bﬁu ﬁulén PrepgPeezoni b) .

Det ai | ed DResiehd aﬂﬁliogs“oﬁﬁe i@%ﬂu@b BorptRaes. MBRisehette illib@atesthe nbd ¢fvarious
nucleophiles to open the epoxide group to create the diol functionality later capped to create
the tubacin structure.

[00100] Figure 59 demonstrates the synergy between bortezomib (V ELCADE®) and
tubacin in breast cancer. The use of an HDAC6 inhibitor such as tubcin renders the breast

cancer cells sensitive to proteasome inhibition (e.g., bortezomib).

Detailed Description of Certain Embodiments of the Invention
[00101] The present invention provides novel HDAC and TDAC inhibitors. Certain of
these compounds are inhibitors of the aggresome. The present invention also provides
method of treating intracellular protein degradation disorders mediated by the aggresome
and/or proteasome. The aggresome is a novel therapeutic target as are therapeutic strategies
targeting both the aggresome and proteasome. The novel therapeutic strategies of the
invention overcome the problems of former therapeutics, for example, drug resistance and
toxicity.
[00102]) The proteasome is well-characterized in cancer cell biology. The aggresome
is a juxtanuclear proteolytic complex, which forms in response to proteasome inhibition or
misfolded protein stress. It is directly implicated in the pathophysiology of cystic fibrosis
and certain neurodegenerative diseases characterized by protein deposition. A specific role
for the aggresome in cancer has not been described.
[00103] Recently, a cytoplasmic histone deacetylase protein, HDACG6, was identified
as necessary for aggresome formation and for survival of cells following ubiquitinated
misfolded protein stress. The aggresome is an integral component of survival in cancer cells.
The mechanism of HDAC6-mediated aggresome formation is a consequence of the catalytic
activity of the carboxy-terminal deacetylase domain, targeting an uncharacterized non-histone
target. The present invention also provides small molecule inhibitors of HDAC6. In certain

embodiments, these new compounds are potent and selective inhibitors of HDAC6.
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[ 00101] The present invention provides novel HDAC and TDAC i nhi bitors.
Certain of these conpounds are inhibitors of the aggresone. The present
invention al so provides nmethod of treating intracellular protein
degradati on di sorders nedi ated by the aggresone and/ or proteasone. The
aggresone is a novel therapeutic target as are therapeutic strategies
targeting letib4f he ap@rpgesEncanst MitdtLABEINR.1998)evhoRitelas BRITRAGI itkere
strategies of the inventiqgn overcong the roble of faqrner therapeutlcs
for exanpl &S R ERPRBRGCHE IR rapSiAEd by peyinuelers 1 %ﬂﬂwo pledinesslvareri

wel | - char a@kﬁédsﬁ?@hd paﬂ@wgfceﬁme |aile1@bﬁhé)9%‘tw fibRsis BeiisRRATFRank Somiubid¥deanucl ear
proteol ytic co in response to proteasone inhibition or

ni sf ol ded piceRtes G‘F EBD e§'sbseqUPnf| repoaﬁ idsaiificd 4 ppfholagia apgearsnce REthe sggiBI9MeEsi ol ogy
of cystic kiroosis a:eéiaqoﬁersé@m@e%eg@&%@én gﬁb magggremsa&%eﬂma%ed by

protein deposition. A specific role for t iﬁg some I n cancer has not
been descr Faspense to pisfodisy Reateing: I el §1Qiy1t98§>ﬂé3s 8- WP%TWQI@&@I&QWMe

protein, i JMEGPS on and for
survi vaI of ce I S ?rk} oW r%LE %ESI ti ng’t ﬁr)édltdl?%q%; eln s?ﬁlé{ss The
aggr esone Rggresomendusge atotwnwmlrmgrit EBiol Cheah. 2002; 2’b7n4:7§f701§é8’17$ The

Catarytic Seervry e B ER RS SR AR ol PP 2 B PG g an

unchar act efpderdARdihobics EMnBMPA2 getimulbtien mgg&sﬁmasrquhbatmns &r an‘ow des

conpounds Zeaslabr SelobRlBies osle bR shipitufe pFU Rk T Gy b B

aggr esone madeopioteit (Atgeck.CBxtubent U, I8k Iv\he:motta MR SWeaphPAe GibHsdf Dijher e was

an appear a ot ubul oci at I | .ear cl.usion, bodies in

cells over- %?%’Qénb% @#Emﬁrg\dﬁgg "%IRFgg dﬂﬁ{’g IE“?th‘E}ﬁTek’%’gftf"E‘g br osi s

trans rrenbrm&amﬁu&grz&laﬁ@a sfecen! atighCh U3)l Bisulmeguent 3- w@mdoﬁaomant ified a
wi th over - expressed

pat hol ogi c, a nce he a S

presenil i nhef@gg ?IS‘?‘Fegﬂc gf%ll:'_lsi) ‘Kggb? Bepbrano@anspIbpratein Bl 16 Gprgian
response tMamRafBab@ieﬂ U Rh& BISSztdl Esebhm&tehzanaﬁﬁﬁ Ftt3nibS 8Bk RIGme

i ncor por at her&w reference arkl n gl\]unn Lee SS, Suhr UT,

Mour adi an ?:‘lfr@fPa?l?”é‘ﬁral C@bﬁ}oé 8?1%%4%“?@9‘[185‘&%0&%@%11“@111

i mpai r mentby rdfRinel) a%eaﬂab@%%lo?ioémﬁz 840 cﬂaﬁég jul m%&qjﬁtv@ﬂhiﬁ%ﬁm by

reference), peripheral rotei n  PMP22 [ Notterpek L, Ryan Tobl er

AR, Shoot epeYRp FEP@P&@ ‘écn%/ e@sf mﬁbnﬂmggrpésmnromowpdqg@d@mmdﬁmbxcwrrlA
t hol

pat nol ogy. 1n&§:‘éflﬂgﬂ &lgleght?on o'k%l?l?lo@d %égc ﬂ%ﬁ ch%l%?@ﬁ%le%di'q @'75'5 zy Baci k ||

reference), influenza virus nucleopr ot Ant on ert
Pri nci ot t ane@Eporyted hesein bp acferenesh sMpdel BsierpphavRbedni enfabliSheRescitiaiyei ner  MC,

dogr aoat | G bRy GEUs CIDRRER B VAR KOO ERRReRET RS MNEL o at el

herei n by rp@beseéﬂc@foldad phtemsr bCAI BigkERoSh thx WB%%m@wmwmnby protein

g%gm( (C:Bgr o%éagg ésone Pﬁguma alltéc?g C%%%Ib?:ﬁogg altla }é}%boﬁ%rré géh%gtglz{“?& glnel

1999; 146: mgﬁhmadmzanlmmmnamgd oﬁmgmsmnbﬁonneﬁ@rm@)tosathﬁBtcai&leya J

anyl oi dog i JL, on EK, Stevens FJ,

A pon v TRl B CRARR00 s ek e ST S gelsasie oA

:3 nh: bi t2 o:) ;o ilg(zztg%rlesgin% Seogtoeg atitaed, ahd ﬁﬂ&-lt}qje@ggaﬂs Bay hglihe ﬁﬁ@abg@lanethel I

i 0 i.nc or at ed her ei y, refere el systens
have been ‘FEFHHIA e§ﬁ%s8ﬁir“§ l%ft%ﬂga%?%gﬁs {1cARAD @S@’S&?@ Elr‘—lafﬁé}gh(tg/b DIERMN JA,
Ward CL, IsbgintDofRiR 268096 &0MRS Thébe €6hblkrunl&EH ARNE, rbRogthdd RingRe: #r Ot €i ns.
J Cell Biqg) 99‘3 143:1883-1898; incorporated herein by reference) and
non- ubi qui¥Rsafoshe peeentsisley ageresprr qnadinied R Papdy dieyipplassicditige EJ, Sztul ES.
Char act er igzgktyide, arnﬁiAdmm cHfy, RAGER TP WecIf0F ARl VaRked¥1, 310N t&%@*}* ‘%he
GFP-chinmera. J Cell Biol. 99: 146: 1239-"1254; i ncor por at'ed Her ei n by

r ef er encefepselase H%’égd{*@ qaeENeIpD Farmaon; and calyyiebidisnia respensede or v,

nmut at ed, [ 3}@7151 er medi at es
resul ti ng%lﬁﬁopgeg |°Tééﬁg§§er@§eg’{§tﬁe?%?ﬁ?yé£§? ’0 CHQ’%&?%C]E ﬁ%ﬁﬁ%&?ﬁfgﬁ t he narrow
channel of the 26S proteasone. These conpl exes undergo active, retrograde
transport by dynein to the pericentriolar aggresone, nediated in part by a
cytoplasm ¢ hi stone deacetyl ase, HDAC6 (Kawaguchi Y, Kovacs JJ, MlLaurin A,
Vance JM Ito A Yao TP. The deacetyl a3e HDAC6 regul ates aggresone
formation and cell viability in response to msfolded protein stress. Cell.
2003; 115: 727-738; incorporated herein by reference). [O001051H stone
deacetyl ases (HDACs) are a famly of at |east 11 zinc-binding hydrol ases,
whi ch catal yze the deacetylation of |ysine residues on histone proteins.
HDAC | nh| b| t| on resul ts in hyperacetyl ati on of ChI’OITB.tI n, aI terat| ons in

S oa o o a2 o ~
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[ 00106] HDAC6 is required for aggresone formation with ubiquitinated protein
stress and is essential for cellular viability in this context. HDAC6 is
believed to bind ubiquitinated proteins through a zinc finger donmain and
interacts with the dynein notor conplex through anot her discrete binding
notif. HDAC6 possesses two catal ytic deacetyl ase domains. It is not
present |y Koo18s8] whetHistont Beceplases (HDACE) @t a fundlywfat desat biit-didingr t he

car boxy-term nal tuhulin .deagcetyl ase.(TDAC) donain di ates. aggr.eso

f or mati on. 51%‘6%1 ‘/‘-@g}i‘ Pag?}{’zegﬁ%%%ﬁﬁ&%&fgﬁfﬁ)ﬂgﬁﬁﬁl eﬁoﬁFtloﬂeaPereB‘g' M and
is inplicatgfbitioh tehgts iShypetabdtiationosT chfonA8.QgeRtiSnsRA GhigciisticANSowMarrest,
degradation of tunpr suppressors_(Adans J, .The, praoteasone: a suitable

ant i neopl aé"c“?@c’%’@ﬁlﬁé‘t‘?aﬂﬁfe{t"e K’Fscg%%Ph“?@wahwgww?llqun%@%‘éd her ei n

by ref er eneBAC TkiBRorsNREOAHafk rEPOhRE ircRAfbloghM aﬁ’&ésiiﬂﬁﬁdi%}nﬁlftipﬁ_uc! ear
factor kappa B (NF-KB) is a relevant exanple, ned ated «g‘é NFKB i nhi bi t or
2

beta (1 KB) Ipromscliropgh widysigrBieanbioxicy-nBf nejpdnvire|sureigy efepnventiqnad

i nhi bi ti onpdmdikd: ' f:gﬂg WalsTNcY] %ﬁ% ' rt,
t he apopt of. ic tr omggﬂr%?&esg‘?m(g?y etl%%%e. _ngfgfééﬁ‘gib?é’% Péeﬁf |de@hllr}%eléff,%&@i

Ri char dsonlipes, %ﬁ%ﬁhﬁh‘ﬁl motegmgrageiesamephibiioniws notpsoposesiafinti) recanilter son KC.
The prot ea§é?é1%v£ﬁﬂé\.@ﬁﬂfbitgrghg\h@nokﬂéynl?%a?ﬁec?rOWt h, induces apoptosis, and
overconmes drug resistance 1n human rmultiple myel ona cells. Cancer Res.
2001; 61: 30100106]76; iHRACH ivrequndd imraggmsdmye fomhasion math)ubiquitingiep potaiy gtessra i s
an ideal s - NG hani Qtein radation |
cancer s AR sl i KK bl1y HEGS BGHT pa X YRR R B belsd.
regar ded aprogeimbghionghnayzing Sngek dohainbnd mterastsewit therdymefmaotbr @inadexthoakh S .

Though t he_preci,se Siti ssel | bodi .. s, not .known,. th are
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i mmunogl obuodtiprser(tkmbtva wRBheiShe araink-terAigyl Binie deaaaglaRuaskd darfoagita@minal
Synptons o el Lul ar. indj tion? E Rep. 2000; 1:225-231; incorporated
o o by PR e DR BhARS iR e B R AR (et t o v

Abdul - Kar i [p0FY] Per rAbefrant pediéth @atabdlisus & halbnddaobebédr, dnd iGadpnedtéd infthe

Sel ective presence of ubiquitin in (ntracellular inclusions. Am J Pathol.
1989; 134: sy aF4on Pﬁ%’ﬁ?%f é’cr%tamﬁé%‘#lﬁd‘fﬁ}a 8?%?“3%'85 SUPpGEeE| (AdampylTee have
been descrpogasoniet HsuialiB agN@opRXIRI @SS Bt RV CHRas&T 20094 340v330; iMorporauker RT,
Wat ki ns Sgi Br gds%é JL, Locallizatign of the Bi P nol ecul ar chaperone with
respect t oPETRGHIAERIE)- r BT geeiRsis Setor alphs indnged getivetion giduclear fpgiprdepra

t ransnenbr BEFER)NSIL elivasexhBple] Bbdhted By NBRS inhibltor blts HRBNGBIoML OChem  2003;
51: 545-548; incorporated herein by refeerence), thus raising the suspicion

that t hesedegradation ip ewligaast plasms sallad Thainbibitionted Ixheertabplitre by proterstins! | sm  and

pot enti al |;3%hibhs: - ' : L NS
Cndef i ned. o0 SR o Boapaof gyt AU aaTR L ipe SRR D, o1
remai ns i nbl¥elsrdson Behnuhen 1 dielamhalle VAl Eiot BY.rfetams ( hedsonoy KGATh |

Ri char ds, . IVRiLs ) i , . 342

i ncor por at%te%gingingﬁ%f/@?g f%r1 (lalﬁltlzlzal§s Jggcg%\}ﬁielﬁ?lgggs Eh?%ﬁﬁé%@g V%?ié?%p%‘ugd nd stem

cel | trangpdigacatin bymanantltiple mylelontdeanebs Seean Red 2001;61:FRdei076;Tingorfaratedot , F. |

Bonabdal | ST RGments), RroisbROGANGN & un Moo S Tor drayingHhehBiumithy of

(2003) N HmefeinYeptedati®a 9y cdd@S S50 WilliancRegsell at 1860, vgtoplasmizyindledt@s daee) .

Novel age ecent.ly be devel oped ich target not_.only MM cells,
but -l a0 e Bkl BBy e SaORY SrAdEeiahe seRovepRdtEe

convent i orpadcisdrcogpostisinsdfRues]] (bbﬁiideghiﬁﬂhxoviﬁ, gleﬁav@]lc’ié@lfc&ﬂ s EK-de@ved\%Qin%l NaL
Rev Cancer_2,.927-937: i ncorporat.e erejn by re ce). For exanple, the
pr ot easoms *FAKFISi AEBFEH Y CE}Cé’% lc(’fr’d‘?‘}?ﬁgllob‘gﬁ@- oA Oeﬁ%‘é%%' ARFFPREL AN

ant i - t unoRuaedlibetlfey. Sympbduiest cbMigahdigdstibeBEMBG Répestioy 250t At ﬁlgorg@zra{eg nt MM
cells (Hi qleshilgra, T. %Aﬁdersond, K. C"(ZOO(IZ\/}@gNat Rev Cancer_2, 927- 937;
Hi deshi ma 2SR DYSefErenre)anA stap positie i ahiauin (Meastionbeddpl-Korim B, ReswiG, p. |
Adans, J. T8&bABSIR, 3@AlioSamBetti(12 ¢dbetaam (S‘%fecﬁ%gyres@&)e o? Q¥ uidd BimeMighades,

N., Mtsiades, C S., Poulaki, V., Chauhan, D., Gu, X , Bailey, C, Joseph,
M, Liben long. At J Pathob d#489; £34:985-5 1§ meerporated herein iy refesmne@oRusell G

H deshima, T. & Anderson, K. C. (2002) Proc Natl Acad Sc! USA 99,
14374-14379; Hi deshim, T., Chauhan, [%2, Ri chardson, P., Mtsiades, C.,

M tsiades, N., Hayashi, T., Munshi, N Dang, L., Castro, A., Palonbella,
V., Adans, J. & Anderson, K C. (2002) J Biol Chem 277, 16639-47,
Mtsiades, N, Mtsiades, C. S., Richardson, P. G, Poulaki, V., Tai, Y.
T., Chauhan, D., Fanourakis, G, G, X, Bailey, C, Joseph, M, Libermnn,
T. A, Schlossman, R, Munshi, N. C., H deshima, T. & Anderson, K C.
(2003) Bl ood 101, 2377-80; Chauhan, D., Li, G, Shringarpure, R, Podar,
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D., Linentani, S. A, Lee, S., Hdeshima, T., Esseltine, D. L., Kauffnan,
M, Adans, J., Schenkein, D. P. & Anderson, K C. (2003) N Engl J Med 348,
2609- 2617; incorporated herein by reference); however, 65% of patients did
not respond. Heat-shock protein (hsp)-27 medi ates bortezom b-resi stance;
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groups ar 8oUkoY o ddie ¥i Be §hpyhapd). equmkis GeIG@th Beileypar, p*osaph Mf this

Per fodi o Tabr et rehe ot EoBAPR MRl ol T RRRRHRRIR SRk st vy
and Physi 8&0d 181,337 #80;¢3wahan, Bn dl,@e&hﬂngarﬁumﬁi iPoda] K., Ohtake, Y.,
Hideshima, T. & Anderson, K. C. (2003) Cancer Res 63, 6174-6177; Hideshima, T.,
Mitsiades, C., Akiyama, M., Hayashi, T., Chauhan, D., Richardson, P., Schlossman, R.,
Podar, K., Munshi, N. C., Mitsiades, N. & Anderson, K. C. (2003) Blood 101, 1530-1534;
Hideshima, T., Chauhan, D., Hayashi, T., Akiyama, M., Mitsiades, N., Mitsiades, C., Podar,

K., Munshi, N. C., Richardson, P. G. & Anderson, K. C. (2003) Oncogene 22, 83 86-8393;
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groups are generally defined as described therein. Additionally, general
principles of organic chemstry, as well as specific functional nopieties
and reactivity, are described in "Organic Chem stry", Thomas Sorrell,

Uni versity Science Books, Sausalito: 1999, the entire contents of which are
i ncorporated herein by reference. Furthernore, it wll be appreciated by
one of or dHIREMmSKT.| Podaf) Kt Ehatlkidn, DI &hitédke, ISy KlitsiaddscCrELNYAS. HamashkECr i bed

herein, utilize vari et rotecti ro ...By t term " protecting
gr oup” Mé@ﬁﬁﬁéﬁ%ﬁqﬁ i 5Piies - Vel o )‘pjﬁ\?wdéﬁaf e‘Y‘Hﬁ%ﬁ% moi ety,
e.g., C ORlo‘ﬁardQJn, N Gl HideBRPOIRR AddeRbRAK &8l (30043 bﬁéoganer 814608776 2dackhe
carried out selecti vefy at_ anot her reactive site in a tifuncti onal

conpound. Phwhigkisdrqomeraedisasinhyreferense}psencistad Wigh “QJWT@%W kingsecti vel y

in good yi giNk)i(QsPkitomas BEQL-8ahvedd 5%-%5 kigh®) M&actasﬂa& stiddo8, folloliiEnyPr 0j ect ed
reactions; the protectin must be selectively removed in good yield

by readi | yammsmémdéshupa, g%lalnﬂrépomd’m%au@nﬂaaa@ﬁmbeliahé{t, Elirth Bt Ademadk t he
ot her funck &E@%soﬂr@@%zooﬁg@ar%PR&CH 2971 HPRPMECLAR, RNVERRELY cSgpar abl e

derivative (nore preferably w thout t eneration of new stereogenic

centers); Bewaking, Ghavhems DGy, &k.dRailends, Jasemlh,rMnﬁ#heaﬁa@dﬂl Aj &reah, S. P,
functional | s}LCN %@hefr&kfo}xgecar 1'&1%%1:19%Tr 8361480, X ?ﬁoﬂj%%@ J\DzﬁrA%

oxygen, su ’ro en ant tecting groups may be utili

Exenpl ary ﬁmdf&d%nlj&@t—dmﬁﬂ@ Hrdeslnimt,éli | Midsidvies,ds. ,nAk119|a)we%rHayash1y\TLl be
appreci ate ntiop bs.n LNt en t ed to
t hese prot g%%u?%é 3, ’:ﬁﬁl?arc?s%r r}%h&mé?sman IQi’ ié?%/ar% lzkillngas?'t‘ %g:a’l Mgéq)]%} Vi 175%1‘
protecti ngAgdamqnch@.r(zms) tB&mdllby, 1681(@}&1534{ taeH oﬁwhmb 1$1hearpd&a1vdaheremtbgr| a and

til d t h h i t nal | ty of
ot ot ot ngP e P yBh P Ul YoM s B R el e
;II_-SIQ gd Fﬂ (BT?S(D@ by-ﬂo%eéilﬁlﬁhﬂéiﬁdﬁemdﬁ xﬁblecuE@ﬂCAMthdWOAﬂM 1&(5@6%?\1@\4 Yor k:

e re_co nts ncorpo rere nce.
Furt her m)régI “é%%ﬂ%s%?ancé ﬁcyg}lr?*ﬂ W&O@f%?ﬂé? gré%@@é%ﬁ%ﬁf"f ‘Mers,
A.; Kung, 4319/452Zhadtepordled hdvkid 86 Eetétbice); W welmmaduo‘ss cledvaddinf BRAMroteRC. 1999,

121, 8401-8402, the entire contents of which are hereb |ncorporated by

r ef er ence. kingsg Fatalyiie subppit anskataninfelangisgtesip mrated HeecsipaiBahosezomb alse cr i bed
herein, mohibfs DRADRbAE U@MeNLLEnd AdhdiHID8f MM cdild RS BMIER Dk Ste aghitBCt i Onal

rml eties. In general, the term"substituted" whether preceded by the term
"opt i onal | §ertegemiggpduceghapoptiosist Mithanleiskingiodeheund by sy sagnifis theoryhi s

i nventi on, pdrREShiblhdnb& sEx‘f‘sﬁMﬁ%ﬁ@E&n Kbt REERcd RANCERSs o bofvaivel
structure with the radical of "a specified substituent. When nore than one

posi ti on i¢hemathergpeusis agents, etngeiallyigyDNod demaging agents (Mitsiadesrils Mitsiades, §ne

substit - ueﬁ'tRﬁﬁa{rg&rn?d ci BBk, SPEF [ Y &, @it D. %Qﬁoxﬁéi@ssb IGER lﬁ?iﬁ

ei ther the same or fierent "at” every position. used heréin, term
"subst i t ut@d¥oseph, dbrliberplann, dd At, Gchlossmad R, aMunﬂe,rhﬁl(’ssHiﬂb@HsmH‘s& tuents of
organic ¢ ncl ude
acyclic an‘gpdc%g/yéﬂls% c. é?béﬁg:ﬁioggg%g%ﬁﬁ%ﬁ%%gﬁ pa%%@%@é%f"‘f%&g‘%% Iﬁ%ﬁlggrogtcéfcl iC,
aronati c ahd, apmse Bl o€ batebemnibtireemiest QﬂzoépgtmmtmﬁowﬁaQIMSdafsed MMr poses of
this inven Lghoal ons. su h .as aye dro en _substituents
and/ or anyéef)%r %raée@% R uel(ri\1 16U/ °8m§’eﬁ"1aéq%8 56 %s fasé’%ér. bed herein
whi ch sat i ®ighatdeen, PaGe Batlege, @., Bdnmshleﬂem@hﬂ,r&, JaEarrnTaiheSnima) this invention

is not i nt ed t m.te nner he ssi.b stituents
of or ganl ap Srkﬂﬂ’ﬂ?n t%‘g%% r‘% F’% él‘f: lﬁ:ﬁdgbg?’fl%\’t}fgz%gﬁﬁ si oned
by L Ihi s i rID'eDin:jdﬂt’anﬂIS]?ApLeé &, ﬁhﬂé}ébﬁﬁﬂ?$@E§§aﬁ%Jer]BSlU|KaufﬁnénPM f&c}laﬁ’f?ﬂ on of
stable co S int n or exanple of _proliferative

di sordersrgjg?frti‘F ﬁ g g@@fierﬁ?i’eil &n&ﬁ%g%{%”%{em@éirﬁs 99@”#“‘?6%?%‘5, as used
herein, prRfal BblcferéiRER hewer, GoMRTPatkhtMId Ght rég%ﬁcﬁseeaﬁsm Ipkdidin BusbS-Ei ent

to aIIow manuf act ure and whi ch mai ntain the mtegrlt of the conpound for a
suf fi ci ent™gsEatgsRerigonp-esistagos; sORETElys BHILEHE hsp-a7 EXRIBISIPUSIE RSS! f i ci ent

period of ghfigRsd 93@1%1@5&%{1%&% rb08 mrspmﬁmiekml eeperRipR: inh¥fd:ke] The
term"acyl", as used herein, refers to a carbonyl - Gontal ni ng functionality,
downregulate hsp-27 can restore MM cell susceptibility to ortezomlb (Chauhan, D., Li, G.,
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e.g., -6(=0)1t." wherein 12' is an aliphatic, alycyclic, heteroaliphatic,
het erocyclic, aryl, heteroaryl, (aliphatic)aryl, (heteroaliphatic)aryl,
het eroal i phatic(aryl) or heteroaliphatic(heteroaryl) noiety, whereby each
of the aliphatic, heteroaliphatic, aryl, or heteroaryl noieties is
substituted or unsubstituted, or is a substituted (e.g., hydrogen or

al i phati c, Sipgepae) R.phalat, K., Qlitylte, YQHidmshierapdr & Andesat, Ke€) (zoszgz)mc@rzees

oo ST PSSl £ e e SIS R o o

i nclbudeshb,gtﬂfra@sﬁwm qﬁ“ﬁm ma%snmw; 8, &dhrefies, 8., Mduyeh aA MN. (Nﬁgas, Tnbr agched%}
or branched al iphatic hydrocarbans t}o st|t ed wit
one or mor¥upsikdt CoRirhagiserds G- Agg%‘% %é&g’ﬁgﬁ‘% gt gd&hé‘l)ﬁ@"%ﬁw *di nary
skill in tév%mfﬂm ea&df&mﬁmcb@oﬂaf&a%&ﬁpbmemnseto i nclude, but is not

al keny | kynyl noieties. Thus as, used, herein, the

limt ed to,
tler m "al kyl " ﬂi?@%gsoﬁerlﬁﬂﬂiméﬁﬁs weisHdR & DIotRAFPME fo5 dparadakion gF | ogous
convent i on, ARBlduRthated nﬁéﬂﬁéd/&%ﬁéd Srotefils TRosit; R. RS(zb@d) ly%}wk Cell BﬁJz kw nyl" and

thellke FurtLerrmre as used herein, the terns

| Ky
"al kynyl " R4cb30nRempik . émB@praNsF bbviﬂ(um@bs}?t & Koy, Bn%l @MW@%X& gr oups.
In certai ;I%Sqrgggdéagﬁ?gvz}gst B ut rﬁgdfér nb 7 UK e)'ilké/éresohl% forafdod Mahdadi cat e

t hose al k grolips unsu tute branched or unbranched)
havi ng 1- Gautephhginiclearares, whitDtetminktes méyaommaléime@hhn@rﬁl@ aggmeome nathwayal kenyl|

o T SSRGSy iR B, o oo
groups enybdysesbnies fcbrhbgnadazmn(Gmmad‘data,di nGdo, ﬂ) Saki SzhitE. CW3) baificsd 886, | n
yet ot her odi e

| d
t he i nventi nm(%%fﬁ?fg%eﬁ hire’é‘eb% lg*gfe) g%%drr]nagnx%te% K%/gaydla?&{ ﬁlé %ﬁerrp oyed in
enbodi e ”“Ea"dmgea “@AC@“’ﬂ‘Wh paintbiitapriprgeioups Hugh wmis itheretiye

i nvention c atjc, carbon a et ot her ts, the
el o s  erit Brofkim Biet o SEh BolrS R esnb i Here S A VRBRMIRN 51 4
carbon at Cl{‘.@vacé ] M vi¢Tahtin A AV aeb At M, Igj’,mJl&SYid]U’SPJ (2003) dell 11b%,t7224788;n0t

et Suekgiel PRl BB &5 clvibe et o iy ondo? SRR Vi Ghtdn ot o 1

t ert - pent Ydoth prok@seilal arppheky rd’fahﬂégr@dauaﬂﬁiystdﬂﬁ IWikeut wishiah telgesionnd nay
bear one or nore substituents, XI keny roup In | ud ea?BUt are not limted

to, for ex¥Awéh eo@?ﬁa@ﬁylllbmﬂ?‘b’ﬁ’éhﬁﬁﬁ ac PRSIy . and the

like. Rep rseg%maat deM@urads! MOV 1§ RUPsiohRE qulﬂ;ﬁmc Recadys eF&QIxal'nblaﬂ @@z

et hynyl, pr opargyl), 1-propynyl and the |like, [00115] The term
"al | cycl i cwas L@glzesgteaﬂ(m@ﬂgﬁ Arotqagges aditebas BniyBish drecificrbhinkibith DA (e

proper t i eSebodiy] matmo@u@rnﬂ MY“WM% FUPOHAARLOM BRMARR, La(fzm)ot

limted to cyclic,

atic drocar bons and
cycl oal kyIPIQGNEddn@%SCZW 4 Hﬂ&r‘l&%ﬂ?%};ihiaBgWs%/sttKOFU%reH M:t‘ﬁo%é Qg;:r nor e
functi Ona'B\ﬂfM&éA ASs Mrdiber e$hg@b§f'cﬁén?ﬁzof>¥%g@§396 WhisH nag, &{g klgin the

art, "alic is 1nten nto i1 nc but’ is not limted to,
cycl oal kyISchmﬂwk,(ﬁaLk@ﬁ%) J Am&hery Sbo B §H6-5583i scorperatedhprein ta’rreff>1:6/‘p‘2€i)i!imal |y

substi tut %qothB«? LF%%EO@E ﬁ%eemfe{ﬁnéf% (%f?nﬂe[aléwd&{t%ﬂ,pfﬁbac I Ar%%e ADA i F}j‘llbﬁ&gl ic

groups thus 1nc Ut are not exanp e, cycl opropyl,
- CH2- cycl apmbjnet vnﬂ:;botteﬁwmyir;duee@lsb’&aemgxsﬁotﬁymtgohqﬁyoymtdim}mmytloma GHplines as

Cyel ohoxanyiBiAy RRPEK toys TP RHRE Tt PSRRI oy pear

one or nore substituents. [00116] The term "al koxy" (or "al kyl oxy"), or
"thioal kyl" as used herein refers to an

Definitions
[00109] Before further description of the present invention, and in order that the
invention may be more readily understood, certain terms are first defined and collected here

for convenience.
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al kyl group, as previously defined, attached to the parent nol ecul ar noiety
t hrough an oxygen atom or through a sulfur atom In certain enbodi nents,
the al kyl group contains 1-20 aliphatic carbon atons. In certain other
enbodi nents, the al kyl group contains 1-10 aliphatic carbon atons. In yet
ot her enbodi nents, the al kyl, al kenyl, and al kynyl groups enployed in the
invention d¥Hi8)i n 1-Griainiqolpoumnds ofithb presat diventiohendtdefibitiodshEspeeifieodi ment s,

t he al kyl ins,1l-6 aliphatic.carbon atons. | n yet. other

bodt mont Suiibhe BOLA DL a1 des b it 063 B A Rirpasth A is s fonetha o) oo

_of al koxy, chanﬁt)aldkembmb axari@engﬁéd iniatdordxéicd with ﬂﬁ?bﬁ@tﬁd cTﬁildﬂ@tHe EIEi)&(l@;Ekﬁ’,?(YAS .

i SOpr opoxy, n- 0 t - but ox neo fQxy. a n- hexoxy.. anmpl es o

Lhi bal Kyl YAOPRAE kgl oL Fhemi SRR To Bardhgs taTel e Fmghona

pr opyl t hi ogroussqee ggatalli idéﬁneﬁlﬁblHéél:ﬁﬁl*jd%eréﬂlﬂdAH&Iﬁoﬂail%,Egener%iﬂeIB?or%E'Rz.[im
erein is

"al kyl am ngl'z;erllr.ﬁ%,ers t&sa group having the structure -NHR whe i
al kyl, as ISeeehaslasspe . Cé&oml'ﬂ&mtﬁéawwmwa&%esqr@eéng‘mra@mavi ng
the struct ChémiNrPRThomastseFEll, 'Unierdi§ Flekdd Boo?c§_51ﬁ§alifb‘?q9b§irﬂfé dhtire Anfefifst @1 N

embodi ments, the alkyl group contains 1-20 alip atic carbon atoms. In
certain ot HeFhighHs fichmatated berin by mefprenge. dinsthemera itrmeill be anmecistedberieofcar bon

atoms. In Mﬁinaﬁsﬂﬁfin%ﬁhﬁ%@nth&ﬁlﬁn%%! S d@éc!fl%éﬁ'ﬂ%%lﬁ, a. igé n%*yz{}?/ehr&r oups

enployed in the invention contain 1-8 a E atic car still

ot her ~ enboRfPieiHELEroyrRe By theyermyipaiestiog sroap'h basiused bérpipHiaisineantgthian at oms. | n
yet other enodh Rt Y gr NS j ic carbon atons.
Exanpl es of al kyl am ﬁxglnﬁlﬁrchﬁgg, bbgt g’?rp (Ia\E %g%]ﬂﬂ}%mlg’ gﬁcg%d’sgﬁaﬁﬁﬁa HE™

et hyl ani nobe %agisd grioisiertvebna anothertrérstive dite in § 60ILFEIcEond cexprvpl ek éferred

bstitue e - i | .phatic (angd, .ot her iefi of
compounds. Grofmenites BRG] RS sl R ot S 8iets s oV il
~ het er oal i ghettis dablatoythe prijected mactions; thd prpteating growpl thyst besedvceiasly femowbkBXY ;

| : ' - het. ; kyl thi o | t ,
Y e i Y e
- CH2CF3;  -f@rGoal groGhi Gk, protebihGldrely; forntSHRNERLy sefarbFO@Eivative- (o) fR¥ferably

C2(11.); = 2: -0 Rx;, -0C2Rx: -000N(R)2; -N(R)2; -S(0)2Rx;

MR ( G0 R R AR b RS £k RUALBE AP SPALPG RSB | 5 not
linited tofaddiiiphbfiheionality aysloidfurthetstesairidohed. | £s ddisle@haeMCiygen, ar y! ,

het er oar yl laI kxl aryl . or alkyl heteroaryl, wherein any of the aliphatic,
het er oal i SHAF Eroggmand 8arr§‘|’n, P8 CtH}gkg«}?‘H’éPéﬁ' bspiizedy Fxemplawpraiedtiag erauped above

and her ei mredefailbeheeid SiovievérRl wall belSpkdfdidd! it @kb priANERRHoRls nHPBEﬁ@eCJ‘ed’
cyclic or ,acyclic, and wherein any of the aryl or heteroaryl substituents

S
descri bed "S¥oTRIte R thess MPtcling srowpssiather. pivanel obaddifivanlsavivelontaxiotectingi t | onal
exanpl es gfoupenarnadamilp RRhiifllse hbHbid &ﬁé}"iasanaruﬁli'kédglfﬁierr@%ﬁogl Yool NE
| be

speci fic enbodi ments shown in the Exanpl es that are descri| erein.
[ 00119] | nPEEFEFyprtionn ddiiopsllyan serigty of pieteeting'sroups atgglestrihed ini"Riotectifer s to a

st abl e NMDGErupSIn ORLYIE ¥GhthEsis YRSAEUT e i nef Yooy 14
car bon atoms,p enach of vxgﬂlrlﬂ ch may be gteg%mt%%‘gﬁtguﬁ]nguggﬁ%&?g@gy%} certain
embodi nmend¥s, New Yod: nd 998, therentire conings of whick age kerthy incqupantad by efigevavi ng

p-orbital R&Rd r t ! h, I {n 1 and
sati sfyi npurPﬁe Hu’?k%l%t?golfg&\kﬁé@ g{ytc ﬁ%e%g‘fﬁﬁ)sea?ee%efg&rgf% d%ﬁ I(\a/@? rr%’o‘tr\fs kluﬁgtal%gmrl ng i s
(4n+2) wignB s Moyasspehi.A¥e Kavon, A dmoChar. Sool 1989,d12 (8401H880L, theaiheit NI ety

t hat d0eScdﬂ%tﬁ@uldhﬁth%r%?eb%;i?l@okﬁor&é%%;bll% e criteria for aromaticity is

defined herein as "non-aro S enS’orrpassed by the term
"al i cycl il80111] 0012 wiH byepmreibted thactht eompsunes, @ dacHbalticin i@ty ", as used

herein, refey, . e ne-..or polycyclic, .unsaturated noi ety having

preferably %hﬁa gﬂe{gg%ilﬁg%boe ﬁ@fsu@%c%erﬁ? or\/%’?%lﬁnar]rﬁﬁp‘%’gsgﬁ gererl fhelgar

uniI ubsti t‘&u@dm:]@ﬁdvmmapm&ida@b;aﬂae thﬁStopﬁdfﬁ@.H‘yl’E&QfoQ&b@gﬂb%ﬁdu@ﬁg ehtdisam 0, S

and N wi thin r.in i.e. .,.in ce o ring carbon atom. In certain

embodi Vr\r”enf?f’smul:%shog ik 1ngfexgt{on, Tefer 10 the ?ep?acement o%hycirogen radicals in a givrgn structure |
with the radical of a specified substituent. When more than one position in any given

structure may be substituted with more than one substituent selected from a specified group,
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term "heteroaromatic noiety"” refers to a planar ring conprising at |east on
het eroatom having p-orbitals perpendicular to the plane of the ring at
each ring atom and satisfying the Huckel rule where the nunber of pi
electrons in the ring is (4n+2) wherein n is an integer. 1001211t w ||

al so be appreciated that aromatic and heteroaronmati c noieties, as defined
her Fi 3 may (,tbﬁlﬁfﬁtmhﬁdy bé aﬂﬁﬂthhabdn)é orlmliffdlﬂﬁt e evalylpokitioni &¢ vsed Aetein)ths tednS O

i nclude - (,a omatic, -(heteroa aronati G .

- (het er oal k%bf‘ﬁt&ie& 559‘3%?1?%‘,(1 toalﬁgu‘?e a(lhépésglglp RubsHews gEoramis samnounds: i es.
Thus, as ugedblvad aipact, thb BerplsASEmbst MRty dle hid OR0 FMcRedWiget | €s" and
"aromatic, hetero i d( al kyl )aromati.c, - (heteroal kyl)aromati c,

ro t1 ¢, y
- (het er oal R‘?‘Eﬁ%ﬁh&?’& gestis and hetrrocyelits propgti ?&ﬁlf)og@f’@ﬁ%fa%#ﬁ%n@@fé?r&ﬂnic

inter chang@&bb@mdﬁtmbmg)a@@bﬁthmﬁwﬁ&, hBtefoaRfd sitlas hitfebPMlay Raveany of the
previ ously n&ntl oned, Substituents, i.e., the substituents recited for

al i phat i ¢~ HBiTBRG SYbstigjents gpd/px arepermipsdle Bstityerds eforgpsiccPompeend descabed ting in
the format heRindthiéh SHEYHR RABEGhe ﬁe@e%ag&ﬁs-r%rﬂl%e,%%' tnventfdfi idiRgd herein,
does not differ significantly fromthe common neaning o t%e termin the
art, and r &ftendsd todedimited dmenyrraanaer byythe pesmissibletsybstibrenisiof pregnia torpamtls.one
aromatic rj : Jodf i — X : - bi cyclic
car bocycl i (t:: B%Pﬁlaﬁ%rf;?? %ﬁ@ﬁ%ﬁgﬁﬁé T V\ig{o}e{l‘lfdobr?gﬁsgﬁv%fl%%sﬁ? H%Feg%)lbﬁ{h?s%ut not
limted tothapisantin thefapieatiop of stelde eanpoundsnmpit inythe tréatioennyfbr exiamgdlerofl  and t he
i ke. [001233% . " N . d _herei .dog of differ

signifi canﬁll% y ﬁ r%’tﬁq%%ﬁ}éi eg@%ﬁm{‘ﬁ@)‘%é’ﬁé’%?‘%‘%ﬁ ?Cf%agcetr'e‘rr% ﬁeﬁmtﬁ%bq%r B UEhd refers
to a cycl i bereinaprefeiablyrraféisda kothponndgwhicloposkésy etabititytsafficidnntp allbwns of whi ch

one ring ' | froms$S,. .0 and N, zero, e or fwo rin tons are
addi ti onal eféﬁg%ﬁh?ﬁggg%@*ﬁ#w@?ﬁﬁ 8‘5“39”8&1? 2 spingiegt N,nogﬁgmpﬁe
remai ni ng twiteglettodendyprefemblytfons suffident peiciadf tHarit6 Be b €8t thopdrpsies est  of

t he nol ecuclieaﬁéid%?'an of the ring atonms, such as, for exanple, pyridyl,
pyrazi nyl , gy P Arat yl, pyrrolyl, pyrazolyl, imdazolyl, thiazolyl,

oX azo: yl, l[ospm] azol yl':h_e ta«llhi“a@irgwﬁsseh lh_ex@iﬁafiitfeﬁo%?gafa{bohﬁ!-ﬁblaﬁﬁﬁﬁ’éb fundtiéh ,Ia .
qui nol i ny i sgguipolin .and the like. | It wi e appreciated that
aryl and héeé"e?%gaﬁk}{' @66%%5 i Pmal EI%QEBYWCIT&FGEO%P tic, terpgysiic. agih pe
unsubst i t Wieesdoyl, GUPEdiic)atill S@eteroBRsRIiE)asY Beteidh #tHa88aiydrudes repl acement  of
one or nore of .t %dr ogen atons_ thereon independently with any one or

lne. : ) ) .
more of t MEMFAPBHICHIT HsTE) mewty, whesgh ¢agh ofihe aliphatie.ihgteraaliphagic, aayh ghat i c:
al i cycl i c;hehedaRylQmbibtRE & dubstithed S RsMEliuted, AP RibsGruteA s £ RARQYIRLEC: aryl;
het eroaryl ; al kylaryl; heteroal kyl aryl ; _ai_k | het eroaryl;
het er oal kyAiRBAtSy Brisroalivhatioq as or hgtgmoary|moiktiess prsen exmitrogratcenioimingl oxy
al kyl t hi o;fusdidhiiN @ o o Qe r 1o C1l; Br; |I; -OH
-NO2; -CN, - E:Fsi {H' %’?&%ﬁw%@l&é}&iﬁb q%lc}fg@ C;EPI? &%Fﬂizld&tflg%ﬁmﬁg—)m NH2; - CH2S02CHS3;
-C(0) R, - 0BBIIRK) ; - Elondery Jaliphagiey’0gsresed ipodr Aicludes both(smiadaksd anflpiefiratedS( 0) R;
-S(0) 2R, -oNk; I q i ndent |
i ncl udes, SE%I i tl(cs(ﬁg%]lc?( e'%%%g%d? gpﬂ%ﬁ’gﬁ%@g& ceha?lldlmc%rg F?{SC Wfd]czl{% ger%giﬂ%%at iC,
het er ocy clsistitdedovish pug, or e froatianabgroups. dsyiill bhepreedaed /by ol of widamayy ,
al kyl het er.par; & kyl. r.het er gal kyl het er.oar yl , erein any of
the ali phastgj?lcﬁ;{ lthéalaitl]tgyagiﬁ)?%l,c #e S}r{(hoeélﬁ}ef)eﬁ%{oil%ﬁuci?e ‘gllsorboii’fnil 8%{ koalawll’ glgg,rp'}, or
al kyl het eatkanyllmaietirst Thuspat wedbarein] the tinalfalkel” andudes stedi ght BRY blagchsd Bk t ut ed

or unsubst ed, .branched or.unbranched, saturated aor ynsatuyrated, and
wher ei n a%oﬁ@%. gﬁ‘ém aé?%’%‘fqné/?nt}?é‘ta@lbeég%?éﬁ generig tepms Sﬁgl%gr GQ‘FWL{,’ ity | ) ar yl
or - (al kyhg thetike.oBurtHermsarbsds iutsedeman,dmemsbemya’pmngng“am%?i”ranafﬁcﬁé IRE

e appreci ated, that

substituted or unsubstituted., Additionally, [t w ]l

any two aff 2@/ é’%bﬂ%glt’t‘tﬁgw a¢] ﬂlé%a%'é’sr k!b‘i’eété’é‘r?fnb&dw?en& asgisedhy

7- menber edersinbgbwendlied” Blused s iRBiatd UbRANISH bUE] (sbsafutddetRuBgNaLd C moi ety.

Addi ti on_aF e%%I es of gﬁsgﬁral ly applicable substituents are illustrated by

the speci PTRECHSHEDUR D YRk LiGrafes 2osnpl es that are described herein.

L00_125] Thpootesim " cy@lcodik ¥hbodiRsnt SRSLIRAT Bkehy] 4Rl BBy SREGs chHRyLY inlRe 97 OUPS
avi ng

invention contain 1-20 aliphatic carbon atoms. In certain other embodiments, the alkyl,
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three to seven, preferably three to ten carbon atons. Suitable cycloal kyls
include, but are not limted to cyclopropyl, cyclobutyl, cyclopentyl,

cycl ohexyl, cycloheptyl and the |ike, which, as in the case of allphatlc
alicyclic, heteroaliphatic or heterocyclic noieties, may optionally be
substituted with substituents includi ng, but not i mted to ali phati c;
alicyclic; alltmjzlemdaﬂkypylagroms ehletoecd)myhﬂ ingentign eerdaip &-101pkphatie sETBoRAPRS. aryl ;

et ot oal | dpp Rty Saboaimeit Bl bEhH, s IR LR e n b megion,

al kyl t hi 0;contaitl I-$aliphatiesagbonakdays. Tsti] otha'tem’ooém;chtsml@alkﬁ; alkemyl, |: - OH;

8 . P ey e ey SRS G G g 2

- S(0) 2RX;  enfiRuinfetdsRke u\ﬂkﬂf gkényb asalkgol gfoﬁps:ﬁnpibydaxn ﬂmdmpemma;n i-Acl udes,
but is not |limted t ti.c, alicycli e rocycllc
aromati c, W@P@%oﬁ@ﬂ’@“’eég%am ﬁ‘é’f‘Esrtg‘é’} flud R{ﬁ'a? Ihmg eﬁ& Xre? %%@ar vyl

het er oal k)ﬂ:&ﬁ)ﬁ' eti}, RELAYIOBbHNpyNalIeY, ﬁzmwl,,semﬁyleisabmﬂyten:bumm-lwnmm-l c,
alicyclic, heter oal i phatic, heterocy al lt%l a%%]g or_.al k%P]het ergar yI
substit uemCQWHé@E?qtﬂe@“é’Banﬁ‘ﬁﬁVl*?éF P rf’&‘i}et and, e fife yRich

unsubsti t yfed, mBf-ansRaRNAr ANRR lag?&ﬁﬁ%chﬁi@tbﬁt aleedt m’futab‘talﬁif ataeqne and wherein
any of the aromatic, heteroaronatl C, or hg}ﬁ(er subs nts

descri bed ettisovlerrapenyh &uisnyd, hayt%%&’ubgthy{ Goghe {“F?Y& oy ddl tional
exanpl es I SHIRRYI, D\hestyRylapR St lbu{dthbe
specific %%Lg)g?ﬁg%%s%g \%{ l:ﬁﬂ#%dﬁ(g Exa?rp | es th%?paftﬂgggsc?ﬁge her ei n.

[ 00126] Thdikeer m het eroal i phatic", as used herein, refers to aliphatic

moi eti es i ol ch ar i Brs 9 BorRRIuAA IR ARIR thEEN
substi t ut égoﬁ’%l h a et%&%g@gcﬁglﬁmag%ge ﬁér og |'i phatic gr oupc refers to an
al i phat i c préygities mﬁalqﬂna'mmﬂa;vdsc mmomdsmlewbﬁ?b‘éﬂw oy flimited tofyelicogen,
phosphor us QUiBar all

Het er oal | g’ ?ICSI elf%g%arb&bgn? Pllb(%a?kgc?&b F %ﬁﬁ%ﬁ% sateuc} gto Ield yo
runsat ur atsebbtitdted Wﬁlli breei oy nmrbﬁnicmm:at srousetAsrvol Ibp ppmmtedrb)f @e] of grdiagy
substitute ndependent,.r.e ment, of €9 :ng,[ogen at ons
t her eon wi 'rlllbl\é %ﬁ?{cgwnbslg{%f“g?%eﬁéqm °r11‘§£ ut no ﬂigéntofgﬁ toaliphatic;
alicycli C,cyﬂeilﬁér@'alah@)hﬁ:ﬂdaﬁcyn‘ylleﬁ@étﬁmywhmh:area)ptlm?alﬂy sybstimtedrvgtiraverat inore ar yl ;

het eroaryl; al kyl ar al k eroa 0 | o r oal kox ,
het er oar §| n%g@%f HIIBSH%‘P’ OF CP(F]E) grﬁléqséﬁl\g f’?%cfe %re 3?% lgltﬁg‘g@yﬁ?hl 0; g :
Br; I; - OIéxamj}l@&.ycro oyk ms,cycw&@% ryclébuG1,2CHy- cwawl eYCPSHPIOHTH,- CHZ NH2

v ULy T T ROl T ﬁhi&nﬁotﬁaéiﬁéim 'y

i ncl udes, fayorthy® mdRied ézﬂ&l'th@ﬁlket thlcﬁ|agﬁh,&haycbeaﬁxbneay€ﬂdr<€subl§tﬁuﬁﬂmaI i phati c,

het erocycl ic, aromatic, het eroaromatl C, £ § oar

al kyl het erl@8¢] | heihs isam Kglkamy (oo ALkyloxKY o‘gﬂ @?ﬁf@g %{‘em%‘g?r&t%a%ny of
the aliphagig ro% 'a@)SFelvlleslylﬂl@ﬁﬁé'doﬁJtalcm&b ki, pahtt ﬁlblbﬁl‘ﬂﬁﬂ thé6ietyahdéydtadny| , or

al kyl heteroaryl substituents described above and he lﬂﬂr%%{Pgs%SUb?“ tuted

or unsubstoxyYEmMEEM pF thrruiek a selfur giEr JRcadYn e%lé’{’q}?jﬁ?téed -20nd
wher ei n a@gﬁ%lctcgﬁ%o@ LQHR! hFaeﬂQﬁto%e? mBO@Bhb s, tﬁé MkylProupebftaR@n N0 aliphatic

substi t uent escri be above and herein may be substjtuted or
unsubst i t weadbdn aiaddi {n mﬁatheembmlme@tmhegeélfvéraé}@yl aplaleybeeuRs sgYedEnt s are
illustratg 0 xtﬂsé?@o@fmlesm e
descrl bed 1?1¥entt1|8§ %9 %é’ﬁ%r%%g@ﬂ%@o% ey ° het er ogyg?%oﬁ{)r

"het er ocyccbntaihs lésahphant clarehoe iatomsr & Eﬂ@’thﬁbemmﬁwatﬁﬁéhm Breup epataes e
propertie f het ero |.i phat | n i C re not
limted t@llglééltc Pn Daﬁdﬁﬁn a1 u(%a e§§ﬁ%%g(?gmel?%%o%§%gg c%t'é!, %glgﬁ cpﬂm
syst ens h@mpmgy,ﬁsobﬁomkgn‘sbmbre{ eirtrbuadxyl saptntorpeandinmltexax o nijagiples két er oat om

be. apt | ondrPg i duarsdt BRI TEAR bor ER B B bR g ™

substi t ut egtyivhiohamiie Bke.nOr e functional groups, as defined hereln. In
certain enbodi nents, the term "heterocycl oal kyl", "heterocycle" or
"heterocyclic" refers to a non-aromatic 5-, 6-, or 7- nmenbered ring or a
pol ycyclic group wherein at |east one ring atomis a heteroatom sel ected
fromO, S and N (wherein the nitrogen d sul fur heteroatons may be
optionally be oxidized), including, but" not limted to, a bi- or tri-cyclic
group, conprising fused six-nmenbered rings having between one and three
het er oat ons i ndependently sel ected from oxygen, sulfur and nitrogen,
wherein (i) each 5-nenbered ring has 0 to 2 doubl e bonds, - each 6-nenber ed
ring has 0 to 2 doubl e bonds and each 7- nenbered ring has 0 to 3 double
bonds (||) the nltrogen and sul fur heteroatons may be optlonally be
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[00128] Additionally, it will be appreciated that any of the alicyclic or

het erocyclic noieties descri bed above and herein may conprise an aryl or
heteroaryl noiety fused thereto. Additional exanples of generally

appl i cabl e substituents are illustrated by the specific enbodi nrents shown
in the Exanples that are described herein. The terns "hal 0" and "hal ogen" as
used herei r[001el17pr t oTlarterat (mﬂkyskahmft:eférs‘tb@rgrddpmﬂhgme sohdtoei-NHR Whe¢thne and

i odi 29].The t.e " hal nd ;‘halo S .use rein_refer to an
o sel cctbl T N PSP aR RO e B b2 E5UPAEY"E BBI56Fhe | o m
" hal oal kyl M@Rﬂowﬁ&emm’adﬁy% agﬁieﬁﬁhdlﬁ&ngemlcawn &hmf eﬂ’t@‘ﬂiermlkﬂ) upt Wo, or
three hal o ached thereto and i s ex i fie such groups as
chl or onet h PII& ggﬁéﬁh’? © cHRUFAIQRRT: JRSETARR © %Fﬁﬁ‘%onﬁ’é“qws ‘g‘e aﬁ‘?”%i@lﬁﬁéﬂs‘t erm
"am no", ag- mghmﬁ;%an 2t EInSyet Gthér emvoaaiemsgm%ﬁaﬂ a&@mrb@lam 1 NHR'),
tertiary (-NR' quat ernary (-N+12Ry 7) am ne, F{/ and It,

are i ndepeﬁﬂ@ﬁg’?m% ddp thenention containy 1B PBPhaHét’@PWtWBhaIMSBH Oﬁét erocyclic,
aromat i ¢ OkmBEYiREARRIEkY rgmra?lceﬁtxms 8% aﬂsﬁane%grbt;@ateing m@&@%@@s of am no

groups include, but are not imted to, hyl am no, di’net hyl am no,

et hyl ani no emh?@{nﬁ%éhﬁ Ayl gtﬁuétcmtﬁlaﬁi ﬁ@baha@e §rbon ﬁtemhyEéqnmkrsaﬁaﬂmlarnlno

| so- propyl ﬁfiﬂ\ﬂ@ buPArB 864 lgfu ito txﬁét #) m@rig) Pﬁ 3H@the 1#90132] The
term "al kyl i dene™, as use ere| , d substitute

unsubst i t u{®d18] neaﬁomrexmblntmbmemsmf é@ abwnaie@mbed aliphetit (apdn8st i ng
sol ely of gafRen ﬁ@ﬂg%ﬁ& 891:?1@ bﬁ%ﬁ%ﬁ ﬁ(l] Jerr%%%ﬁg? fourin Rl bon at ors,

having a free va enc
heteroaliphatic; aryl; heteroaryl alkylaryl; alkylheteroaryl alkoxy; aryloxy; heteroalkoxy;

heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; C1; Br; I; -OH; -NO,; -
CN; -CFj3; -CH,CF3; -CHC1,; -CH,0H; -CH,CH,0H; -CH,NH,; -CH,S0,CHj3; -C(O)Ry; -
COx(Ry); -CON(Ryx)2; -OC(O)Ry; -OCORy; -OCON(Ry)2; -N(Rx)2; -S(0)2Ryx; -NR,(CO)Ry
wherein each occurrence of Ry independently includes, but is not limited to, aliphatic,
alycyclic, heteroaliphatic, heterocyclic, aryl, heteroaryl, alkylaryl, or alkylheteroaryl, wherein
any of the aliphatic, heteroaliphatic, alkylaryl, or alkylheteroaryl substituents described above
and herein may be substituted or unsubstituted, branched or unbranched, cyclic or acyclic,
and wherein any of the aryl or heteroaryl substituents described above and herein may be
substituted or unsubstituted. Additional examples of generally applicable substituents are
illustrated by the specific embodiments shown in the Examples that are described herein.
[00119] In general, the term “aromatic moiety”, as used herein, refers to a stable mono-
or polycyclic, unsaturated moiety having preferably 3-14 carbon atoms, each of which may
be substituted or unsubstituted. In certain embodiments, the term “aromatic moiety” refers to
a planar ring having p-orbitals perpendicular to the plane of the ring at each ring atom and
satisfying the Huckel rule where the number of pi electrons in the ring is (4n+2) wherein n is
an integer. A mono- or polycyclic, unsaturated moiety that does not satisfy one or all of these
criteria for aromaticity is defined herein as “non-aromatic”, and is encompassed by the term
“alicyclic”.

[00120] In general, the term “heteroaromatic moiety”, as used herein, refers to a stable
mono- or polycyclic, unsaturated moiety having preferably 3-14 carbon atoms, each of which
may be substituted or unsubstituted; and comprising at least one heteroatom selected from O,

S and N within the ring (i.e., in place of a ring carbon atom). In certain embodiments, the
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[ 001331The term "al kenyl i dene", as used herein, refers to a substituted or
unsubstituted, linear or branched unsaturated dival ent radi cal consisting
sol ely of carbon and hydrogen atons, having fromtwo to n carbon atons,
having a free valence "-" at both ends of the radical, and wherein the
unsaturation is present only as doubl e bonds and wherein a double bond can
exi st bet wdam ‘thhieropiopmtic maiehSmefors to hplacdraing campkisitpenat teastondkicidaemiol ecul e.

[001341The " al: i dene” . .as, used, herein, refers to .a substituted or
unsubst i tuthéﬁ?léq)i gdééglrg)ﬁg%%r%%%ﬁ% © BiREST PR Pt SRchAmg Ao At sais Psting
sol ely of ¢hckdmlawterhyigmogber dtpbeisctrohainithgridg i6 @rdpwherein nGaEPRRgat ONs,

di cal, and wherein the

having a fr al en o= at both ends of the r
unsat ur at i (gﬁﬁlzis/] preggmu %?ﬂati? apprepipted) ihat Tomafic and hetgpparomatic mojstien e bond can
exi st bet wdefinetl herefnini#t beattadhed viafan bikel dtihdiefoaRRImbRE 4nd $Hus afso idfude ecul e.

[ 001351Unl ess ,0t herw se. indi cated,, as used herein, the terns "al kyl ",
"al kenyl ", ?a?l%?'llw lG,;alfﬁéqagp'@inowﬁo, ,-&@%@@l(i(e/%ﬁtweﬁymt}c, aptht er oal kynyl ",
"al | cyl i de(eteroatityRhetyohdRBEs moretiésa RS, hohiskh hel‘E{nbﬁl% E&Q@ésk‘mﬁ{aﬁé or

- (het eroal gygra%%l , .{}gh_ete,r,oaL‘lgyl ) het eroaryl, and e |ike enconpass
subst i t ut etFTERYCHALUBLIEteS P arggpatic) hetpsearomatie, Habpaematig oups. Similarly,
the terns {letdalidl)bmatic, N@LRFAMY])RAGbdrbmatic@ A L RS erbd »
substituted agd ur?subst?'?ﬁlt ed,ﬂ(lge)lturat edafar’ld unsa%%%%?%%&g% fcngréar and

branched gfPbEpeueeablaq Pubstitpents melude birsare agtdingteditgslany of the prsvivosiy hetitioned
- het er 0y clibimend)fle. | BE slbkiBeANROTRTEWBHRR S e N lDFIRSHL it €0, and
Additronally,

saturated and unsaturated groups. A the terms cycf%sal kenyl ",
"cycl oal kydisalosed hereinaesdtng ip shelformption of ssiatde exoypoindl kynyl ", "aromatic”,

"het er oar ogpidag. " afM¥d term “HSHE ot Lke enco s both

substi t ut g[g@af%g unsf%é?ﬁut %’%ﬁg%%%?relﬁggi%??#gr gﬁ?lﬁgaélwﬂf?ﬁh&ﬁﬁ%{?ﬂ’cal ly
accept abl eneraimgd theerm ingle ars eutl fefersio ap ushodtebeyeliy mpleay comgeisiniz @alehyt

accept abl : r : f such ester, of such .compound, or any

ot her addﬁoél? %%)Otrmagg?ilkga}ﬁ Cgéalaﬁ#%ﬁﬁmﬁ%%n mé’g rﬁeﬁ’fs’stf’ PERPGROR RICYS lfo&alrg%?ﬁf’?l}c is
capabl e ofringspsiéibagng chieraz ¢wo yrommtic rintisietiding bat el D, fifendl Raphwiyse
descri bed i .net gboli t r, resi due thereof. Pharmaceutically
accept abl é%?%%ﬁ@ggl%%ﬁ’?ﬂ%ﬁyﬁﬂ@% g others pro-drugs. A pro-drug is
a derivati[0#23] a cOmpemnthetansuigl,ay uvddthares, doésirioe @iffet YipriBEHAE Som the

phar macol qQgi act. vi whi.ch contains an addjtional nmpiety, which is
suscept i b?’gﬁ’%%hrm gﬁ%lg%f’hl%ﬁtw&% 28 BAGeEAR 2 FYRS Atompbie sadigabhdying frem
phar macol dige teeh yingatbing ef &k bRSring¥ore st Rd BomdS, ¥ AddN:ULrd, Snddt thst er

which is c¢cleaved in vivo . to yield a conmpound of .interest. Pro-drugs of a
variety oinn%SW&FFaaéljén’éfﬂﬂtf’ﬁ'ﬁ{O@WI‘%deaﬁﬁlew flsqted fiom Y andaNiandtley t he par ent

conpounds rdneisingdh@atbine aﬂarcafbeﬁ,ug@nadi@ﬂ%eiﬁ@?me@@%e%& o?ﬁaeqa?&}&{u?edvi& Oyt e
present inyention. Phar macggtl cal |y acceptabl e derivatives also 1 nclude

"reverse P8¢ HPEEO™S: ReRes &8 cpprenlemygdyl myaid. ryrmidingi prgrodidt pwverobd, “ar e
| mact vat kskdupn, BRSATDHLONYL SeEBHTR 2 ChARUSM LA Ry of The

est er - cont ai lnﬁ_corr,pounds of the invention-are bio acti‘ve but are
i nact i vat BYIPWh ogpiaelingd apdthedikeai n physi ol ogi cal environnents such as a .

bl ood, | ymolrz4iser um wikKic 65 iH &at b Hi g, i.ch: .ai n._estergse
activity. The ]bi ol ogi cal aggt PV ty ao%'ljyréé@ehre%g rlg?dd{rf)gggag&n’gg %%Cﬁl&aﬁ' s may
al so be aFPBRS ke wnpEhshatadpr autstitited wheatin sybstittion irelidemeplacenetnt vhireh nay
be cat al y#gao0¥%r AR h6@% ' oxidation and r ct.ion
reactions, | r]rcl_udi r!g e ézﬁ%tn%@c%?rg%glg%p%g%%ggﬁ%nmﬁﬁae ?rerﬁ?f&oggﬁ?% § ons.
Cert ai n eRreigftsdngiuding b limitedto: eliphptsiaticyelis; rrgoslipRatienaetbéyent; Y
accept abl g, datd yat, | e. di scussed | r etai erein bel ow.
[00137] The term ‘%HO%IE%F % agyslphl%eer%? é{rﬁgelﬁr,yi’?'Sggqag(y?%ylaalkﬂgﬁfr@%ﬂ;m)i ety
utili zed heterealkydledteroaryl; alkoxy; aryloxy; heteroalkoxy; heteroaryloxy; alkylthio; arylthio;

heteroalkylthio; heteroarylthio; F; C1; Br; I -OH; -NOg; -CN; -CF;3; -CH,CF;; -CHC15; -

CH,OH; -CH,CH,OH; -CH;NH,; -CH,S0,CHj; -C(O)Ry; -COa(Ry); -CON(R,)2; -OC(O)Ry;

-OCOzRx; -OCON(R)2; -N(Ry)z; -S(O)Ry; -S(0)2Rx; -NR,(CO)R, wherein each occurrence
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one part of a conpound of interest to another part of the conpound.

Exenpl ary linkers are described herein. [00138] Unl ess indicated otherw se,
the terns defined bel ow have the foll ow ng neani ngs: [00139]" Conpound”: The
term "conpound” or "chem cal conpound” as used herein can include
organonetal | i ¢ conpounds, organi c conpounds, netals, transitional netal
conpl exes, oy 1rﬁlﬁi§ﬂnﬁenlﬁ9|fl&w5§?ut ib ﬁotﬁiaﬁtea.]fm Yalpitetie Fal'i?‘ih@ﬂib@ﬂiagﬁﬁhlﬁ,, o

ol ynucl eot,i des e excl ude rom.t he i ni n. of conpounds n ot her
Bre?erred éﬁﬁH&V n?“mmﬁbgVﬂB@PE%?$aﬁ§?ﬁ iﬁﬁﬁ ﬁkgﬁg?EWMHed fromthe
definiti on wfercaiyReyd @ﬁiﬁeterbﬂkﬂh@ébﬁryp whaiéﬂmanpbﬁhealﬁlﬁﬁu@ ahgdiigent, the term
conmpounds refers to sma nol ec non- peptIdIC and

non- ol i gormgieteropliphsgic, éﬂ?ﬁ&'bj‘ég” ﬂ@ﬁ%’ﬁ @éalkigbq“}fﬁwll Sé‘b"tqt‘éfé‘&s degcribpdshove andret al
conpl exes, HaRiAhsy b@gasstmtaﬁ&qmb@duuee &W&%braﬁc@@é 4O raRIRr hnéxakﬁeal le":

As used herein, the term "small molecule” refers to a non- peptid
non- ol i gon@As WheseigsRy @f@%@mﬁ'ﬂ@ he@t%@rnagymm#é@tez@wh felkarylebor at ory or

found in najd eteml Eu‘tfm‘L o 'h&@m%eﬁ%b&b%eﬂdﬂ LR He 3ibski e%rortuﬁsu%mtgands

that are " natural owever e term"smm nol ecu I's not
limted toAddiitonalll ltp\ﬂld)bmmprqcnake@'themmm@acemm taken togethtr mayl ecul e i s

typically chatacter 52@&4(] he h{is@,{ed lsﬁbs %&@%&ﬁs‘ﬁ féllcaj(gﬁfogﬂaex%@;cﬁl%n bonds,

and has a ecul arf “Wwéi ess
char act er i zwlidtpnAddtionat exnamtpba dﬁgbnbmlljo@ﬂhca’al& subgtxtﬁmts arbBlupteatglsyetbe of t he

resent in I an. anmpl of | I es’. at .occur in nature
Pncl ude, béféggl}c%?nr%&ﬁe%ﬁ%@ & esgr‘i&[ Dfe%%rgﬁ\es@flhe eﬁednraparrym n. Exanpl es
of "smal I bd125jul es "Thehatn ‘@ydoalkyit, heaéeﬁ&ekeinpreféiﬁsﬂeadﬁozﬂazttoIgy)upmhﬂvultie t_but
are not ted to, cQ SCIi erepsel ective
Synt hesi s gﬂme toé?vemeﬁwq%ﬁe%o( ﬁod‘sat % @?P’(f O[aH?y(gfl m‘f*’é‘iﬁ &% 9Byt 1y
Reni ni scentimittd fdaaycubpdopﬁr ©@lodiry], aydo;ﬁﬁtypg aydldilieﬁylv\bstdlth()jt@lheaﬂuhd IZI%QWQGM - Based
Assays" J. Am Chem ) te erein
r ef e?/ence) as i fhe ‘@T“E%\f eaﬁlciﬁﬁ?’é?f}é‘?"rr%?g‘f’gﬂ’& Cﬁé’ﬂqﬁ’rﬂ%lm%ﬂ@émwl i ke
smal | ol eBﬂélﬁStltaﬁe&vvk&llshbsﬁftﬂnts [ Qilithl] buhlabtuindted s Qleblﬁﬁc, lalikRligompound” : As

used hereip, t ter nat ur al . .
Eeteroari]?phat?c meterocychc aromatic; heteroaromatic; aryl; heteroaryl; alkylaryl;

:

heteroalkylaryl; alkylheteroaryl; heteroalkylheteroaryl; alkoxy; aryloxy; heteroalkoxy;
heteroaryloxy; alkylthio; arylthio; heteroalkylthio; heteroarylthio; F; C1; Br; I; -OH; -NO»; -
CN; -CF3; -CH,CF3; -CHCly; -CH,0H; -CH,CH,0H; -CH,NH,; -CH,S0,CH3; -C(O)Ry; -
CO2(Ry); -CON(Rx)2; -OC(O)Ry; -OCO2Ry; -OCON(Ry)2; -N(Rx)2; -S(0)2Rx; -NR(CO)Rx
wherein each occurrence of Ry independently includes, but is not limited to, aliphatic,
alicyclic, heteroaliphatic, heterocyclic, aromatic, heteroaromatic, aryl, heteroaryl, alkylaryl,
alkylheteroaryl, heteroalkylaryl or heteroalkylheteroaryl, wherein any of the aliphatic,
alicyclic, heteroaliphatic, heterocyclic, alkylaryl, or alkylheteroaryl substituents described
above and herein may be substituted or unsubstituted, branched or unbranched, saturated or
usaturated, and wherein any of the aromatic, heteroaromatic, aryl or heteroaryl substituents
described above and herein may be substituted or unsubstituted. Additional examples of
generally applicable substituents are illustrated by the specific embodiments shown in the
Examples that are described herein.

[00126] The term “heteroaliphatic”, as used herein, refers to aliphatic moieties in
which one or more carbon atoms in the main chain have been substituted with a heteroatom.
Thus, a heteroaliphatic group refers to an aliphatic chain which contains one or more oxygen,

sulfur, nitrogen, phosphorus or silicon atoms, e.g., in place of carbon atoms. Heteroaliphatic
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product-1i ke compound” refers to conmpounds that are simlar to conpl ex

nat ural products which nature has sel ected through evolution. Typically,

t hese conpounds contain one or nore stereocenters, a high density and

diversity of functionality, and a diverse selection of atons within one

structure. In this context, diversity of functionality can be defined as

varyi ng t hawieippinaygls lichaordesnchidz end saghtapdivnbatirhigd. ydrtsipeabodinkits, and

reactivity cti.onal resent in the

conpounds. h ﬁfgwﬁ&pﬁ%%é‘%ﬁ‘ﬁ% mfifﬁ?é‘ii?ng r*t"t*t}gm oLne ar mergefths 1 can

pr ef er abl yhjxogenetbnisthaedn wieh aeyor FRreRbietestildidisg blrbiod EmasEfoalipiti; three or
onal noieties. These structural

nore | atent,. or,.agtiv verS|f|aJefunct

characteri élfcyﬁléc ?}&V"gl&g}ﬁ?‘f itsrae ’t"e?fa’é"f‘tmt’ gleroRtPaIRtie: AVl hsteseat i kyl

functi onal hlyylhetsioniy @tﬂmy,quts;@rraét%ama&w h@t&ro&ry;tﬁycattﬁylﬂﬁdt atylifib; ¢ hey may

i nteract specif II)£l gﬁpartlcular bi ol oglca1 recept or, and thus may
al so be fuﬁeg?rp‘?)[lﬁgﬁt‘@ ﬁtﬁtoﬁ‘ﬁ’ opF deflidirs b rRIE: -NBo 1N CRest ZQﬂae‘ICéi(Hrz, © As used
her ei n, them@HmcmeHgd)HcJ@qizﬂmr-cHngngg IQoRRY - C@qkq G;N(%e)? ;Tl@ that is

.. "thel at és”

IS capabl e for a co | i
certain ex&é@ ﬁ% x)23 @éﬁtRal %@%M@W@Q@W@canﬁle ecul e
or noiety i&lb@ﬁendéﬁtlf‘ﬁféludésobﬁt i5BSt@Imite@Ro, ahﬁhaﬁgla‘lﬁ: B, he[%%ﬂ ggatfc l{éﬂ&&%‘/ﬁhé abl e
for use in chemcal/enzymatic reactions. cer ain e h
sol ution cHBRAPRtcs b%teraere@@% aétlb\hetcmﬁmémllsylwblekybhtymawﬂ dgtecalkyboylar t i ons.
Exanpl es FEhR) R t +, ZNn2+,
Na+rrpet c. O}Fet[t cer tl%%tﬁgagyl g%rgn%%tl g ?%ﬁ%ﬁla{i‘gla}l!@hg}: ht%%f %Phagg Zlfteﬁocy" 1% certain
enbodi ment&kylal, exalkdhetesparpiiubstitesntst desdribpd elmivpiatdiheeimptagibe suthsﬁtuwdebr not
conS|dere [ 4 ed herein the t

" bi ol ogi cglmggoasﬁglltége&?&hﬁé]gll &tb%l%l%qﬁi ik é& ‘t‘gtsgtgﬁtegtaéﬂ%lw%ﬁﬁnf ?ﬂy nl%fr extracts
t her eof ; Arepeicebeteratrematid, axylbb)ahettﬁmhrjrlrsuhstmmniembec( #hoge andtepeiinhy BE

extracts t v uri.ne,. fec ears, or other
body fl ui d%ﬁs{)@%&?’?@gtb? Iiaﬁ ‘“"P—%F aé&%?ﬁocffcsem’t‘ﬁ@’ %PBE?%%{AHP%“&&P%W sanpl e”
refers to lliuﬂ}ra’gd by daecspediﬁmmibcﬁhnmitsashowﬁbﬁ thie BRemMpleOiiat £X Edserfid hBirdr
secreted livi sm ing single-celled mcroorganisns
(such as ?91/ ia #3‘937 O(Q'ﬁlﬂ’aﬁfﬁi q@@?‘?“é’? S?O’forhﬁt&?ﬂ% (38 Yeed bsEei| ant s
and ani rralrsﬁersftmtompstﬁm&s’l\&mclacd@lﬁhﬁhé pitPpedies af H%%%Ehatﬁ'&ﬂd b?ll@@?ﬁlbﬁh@[ g b
uman patient affected by

heal t hy or tl | t hy, human subj ect or
a condlytl il 8’2 g’é‘éé@ ‘B‘éé/dcf X %MW?W@@@F’@&? QHPOIYWCBY@CG@gcaI

sanpl e camsyd@nd Hihvii:@ﬁ f6dtds WB&EMQJ& REstdnsRhd somas @ﬁét@xjoatgﬁl%@leé@ﬁlf} 1%1'(?%”6'
cells, a ceéké&)v?ll let, a cell extract, cell honogenates, or ce ractions;

or a bi op& sreis; the Bigpess) and sylfy heterpatomisgpaydieationallyibg Oﬁldye@eWb%mal ned
from any $hdrﬁ1g(s@st&ns arelop@shall$ %Hsﬁﬁte@%ﬂ?on%yﬁﬁré’ﬁﬁéhoﬁ{ﬂrk%&%p? geal

cells), Sars, | asma, serum urine, bile, cerebrospina amiotic
fluid, pePPEBndareran srpbodanents, the ipra hetemCdCIO@kylé,e“lhbtsrowréfr”edrf bmroaqhe’bus or
Vi treous isRko a Abn-2BMatROsli §. r u (e.g.
fluid obtai nedo?ronm anaabsceggﬁgﬁﬁﬁgewrhng rap Q%L?l@ ug%{q}e{%)fn Q"j‘ea%‘t

i nf | amrat PBHYNE ¥pmfs yheereasomisplected fromnCh Sjmirh{(%leregt thannmgaadmdjso]ﬁnt or a

joint affeggk u r teoarthritis,
gout or septl:%gtog’%tn%?’fbt@ ?’2@@%93 gﬁd{zgcgi ?:Kal%@ng b%IE }é&cl%{e%go 3?)’ ﬁréa Y4ieom any
organ or EiosB.remprising fisehgjx-andyibopdyrings haungimyeeame am’d%ﬂh:)eechétefmwnﬁorrprl se

ny cel | TR, TR b o Glent b S REn B Fhen Hefein P8 oo et ons of
tissues shet)ag Cfonblzénn@ecath 6m$erml&k@1rmfgdfas Diis2 abubi lﬁ‘(ﬁhﬁs maqaases. Bi ol ogi cal

sanpl es a u i cal i ncl udi ng protelns
l'i pi ds, cg‘r%%b%@(g g gassraatﬁé JHB@FS’%&%&) TYEHER é’f‘iﬂw@)‘yﬁ?}%ﬁ)ﬂf’% mg¥ beonpl et e
pr of er SBF‘“"W“;’L*’?‘?%%?‘ RSB e B ol o e e e Pom any
ani mal , %lalno?lﬁ 60T l?eiteéocy\‘?raﬂ’égswl?tﬁmeétt‘& an bortheterqagyliring) Reprasenigtive

herei n, rE‘tﬁthycIe@ lﬂtuﬂ&%t&%nwhhlt&ﬁton%rmﬁ' s@iaBRirenyl 3hiofdhyBt age of
devel opnent ncl u g{brﬁg or exanp, manmal s, birds, reptiles, amphibians,

fish, \Aor%éré‘(:lrd)y?f’ erbyélﬂyémh‘@é}'lb D%réﬁ(thﬂyleEYfaffﬂiFdHW‘J/éntl@?@@lUé’l sanpl es are
conS|dered to be pluralities of animals. In certain exenplary enbodi nents,
t he non-human animal is a mammal (e. g4, @ rodent, a nouse, a rat, a rabbit,
a nonkey, a dog, a cat, a sheep, cattle a primate, or a pig). An anim
may be a transgenic aninmal or a human clone. |If desired, the biological
sanpl e may be subjected to prelimnary processing, including prelimnary
separation techniques. [00144] The term "adm ni stration” or "adm nistering"
i ncl udes routes of introducing the conmpound of the invention(s) to a
subject to perforntthelr |ntended functlon Exanples of routes of

I | . a o - 1 a o o




[ 00145] The | anguage "bi ol ogical activities" of a conpound of the invention
includes all activities elicited by conpound of the inventions in a
responsive cell. It includes genom c and non-genom c activities elicited by
these conpounds. [00146] "Bi ol ogi cal conposition,”™ "biol ogical sanple,” or
"sanple" refer to a conposition containing or derived fromcells or

bi opol yr nermdaﬁehdm}dmp@idmyn glp@ﬂtﬁﬁsils bkadzOINE okd¥SHAIAA, 1sf>|6’)faz&§ﬁ EBJ(&EDhW' i an
eukoc

bl ood, red eII : eI et concentrates
concentrat € 3&}“ LPB”Ed&ZH - W5l ezl Hpthiagiagelyl, étiatrltt?@lyl,pl asrra a

pl asma COﬂOtBiaﬂilhi’dlﬁ, oﬁdﬁﬁtﬂﬁ' ﬂbﬁpﬁéﬁlyi rtﬁﬁﬂoﬁm,)’thlfaicﬁi‘aidyp E&%ﬁh%@larf’ 1sohﬁ§208h
super nat ant %P%Q?iyga fractionation of pl asna, pro

fractions, ithjpzolidinyl, wiraky denfiuryk P’éﬁbe’@?‘lféﬁd }dﬁl@‘ta@iv‘tssth@cofoﬁthrtam
conponents, enﬂ@ﬂﬁf&tssﬁ*ﬁﬂsntm‘ﬁ%ré@aecd? hOR il Tdall M(he]teﬁgz%)}cy plagent al

extracts, a Gryoprecipi tat e, a cryosupernatant, ‘a ce pr?‘ﬁtmral i an
cel | cul t urtiligsd andias used hersim I?fﬂfs oradwtstacyclefor hetcmmlcaikybm; he&smyblesgrbhpgl d,

protet s | ool el Lo ARLALANG SoRLaURRT I GaLL ol Cure by

normal or transforned I na Bnal

anti body t d¥#Retmoaigms theicon wigh bl are:ltntpmgnd tocahphamnalingclmehéterbﬂgﬁand n a

Campre 15 SoeRe I bamid Rl St R e A b Bt iobe bl oou cel |

suspensi on aﬂ@l&lﬁtﬁd@yhﬁwtmmﬂky&iwtdubanyidalb&dyt ayloky;dkefqaldoyy; Helieoabjlegd cells are

obt ai nedf n, pr horse, a cow, a
goat, a shee g orjabgﬂ%?m b ema P’gﬁgat}eéegoagﬂ@bodtpnéh gl”tﬁg ta#%dcgeﬂ&,suspenm on
i ncl udes r EH6FpeCHCk) 4C§izaﬂd¢@{2qH26Hel(H{2N}gndjmsoL@%kqg@R§ _@@gkgr bone

T oot ve, CONGIRHEIONE ROR EDEB S SN cb B e «he

desired resashbecusregee, ofmﬁﬂdepéxﬁ&itlyt@clﬁdeﬁdiutﬁnﬂf RhRddo dghAfal 8 di sor der.
the invention may va accor di ng to

An effecti ound 0O r
factors suié%erggvp?‘ﬁtéc 8?@8&? C’saf%{t’@‘c hlggoargmaticaayly heteropryl, Wé(}’imﬂ; ect, and the
ability of atkﬁhetemmp@ueﬂ;am&latﬂer heit64) Jnﬁaterbﬁyle{vh&teﬁlaﬂ y 8Hk Bﬁﬁxaﬁgsponse in

t he subj ect gog% |rrens may be adj usted provi de the opti’mum .

t her apeut | HYVEEp %r@ah ﬁn%P?téT@PY% aéh«véﬁaﬁt o %kﬁh%@o%ﬂéub&ﬁlﬁwmscihscahgd toxi c or
det ri ment adboed fiteseif BaPbe subkbiBted bf B&LEN R, b yention
are out\/\/ellgnged by, ttlle ta%e$21peut |ecal ly. benefdf c{ag‘fhggg?%?&c%do%%%@tfi

t herapeut i teds andvherein eyt e aspmitisnhriereronatic, byl Drrhpmndzaryirsulésunments an
effective dﬂ:@&ﬁﬁ@)abd@)éndi ﬁé}aﬁzﬁ

preferably about 0.01 to a&@%‘s@%ﬁ ed%rgg%bgtﬁur%?e‘@({lg ea?%m 658 ut 0.1 to
20 ny/ kg tﬁiasra\héﬂg’h@abl%m@sw %?@ﬂlelst}ﬁ’f@flla’rthfbstppcﬁbembocﬁmbms dwighkg, 2 to 9
ng/ kg, t@(aﬁp@/\lﬂgchadreh hbdkdn, OF 5 to 6 ng/ kg body weight. The skilled
artisan will f)prem ate that certain factors nmay influence the dosage

requi red t[B01EB} ect i dfijionaliyait will bmnpeat:tatednhm baydofitle dllelclivadr hhﬂefﬂo&&i@ to the

severity rew ous nments, gener al
heal t h ang)};%%&gg ggcgi?@ds%()%s u%hzg (}{Iﬁgﬁm 8’?’@%‘2’5& Oaﬁflé’é‘lé‘ﬁi/ %‘Sﬁfgthé@%r ,

t r eat ment Asiditipnegl gxpmples of gehexally mﬂlaqjmmbst&hénys @4 flRstdiatebyan®ipetifiel a
conmpound n_inc e tr tnment or, preferably,
can i ncl ug&bgmgjglr]?\és% 3 }rlegr:jl ﬁsgﬁ’a‘i‘ %S?félgg‘L he terag fhaldtand s ¢ r eat ed
with a coifpdeged” of useth bereinvefot foan aidin ieﬂt&teﬁ&fweﬂﬁtfnnb%l/&i%@ Bhak afla 1 to 20
ng/ kg bod dgm ght, one tinme per week for between about 1 to 10 weeks,
preferably between 2 to 8 weeks, nore preferably between about 3 to 7

weeks, aniode®n morEhepeefsehabl ynd Daloalouk udbd hérelrpxrefeﬁtd’\ﬁﬁiiém sdibordY frdpp al so be
appreci atgd that, t he gffectl ve dosage of a conpound of the invention used

for treatment® n‘%}o’?rﬁ’c oRdne a5 1IfllRe ease over the course of a parti cul ar
t r eat ment [00}86) 149] TR 481 Hal ARFPARARS &'allly? b, 45 QEAMAI AL, hdEa.

mai ntenance of %1 or
two, or three alogen atoms attached thereto and is exemplified by such groups as

chloromethyl, bromoethyl, trifluoromethyl, and the like.
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constant, conditions in an internal environnent. [00150] The | anguage

"i nproved biological properties" refers to any activity inherent in a
conpound of the invention that enhances its effectiveness in vivo. In a
preferred enbodinent, this termrefers to any qualitative or quantitative
I nproved therapeutic property of a conpound of the invention, such as

reduced toxy@iy. €. fheternfUMGRS?, AURE] l‘i‘e@élﬁ 8Bfef 166 biMlafy)(-NH,), secondary (-
[ 00151] "I nactivating,” "inactivation, i nactivate" "anti-cancer" and

"treat profEik), teréigry AQWR~ erap@wwﬂﬂ&%%%%xer&r& R4 di ni ni shi ng
or elim natu;dgg? Eﬂtféﬁﬁﬁﬁpﬁﬁu cf'&icghete?&ﬂx Hatlcoﬁetéi‘oéy'éﬁ@ra%alﬁb o} RGd:6/bmatic
conposi ti on tion, these terns nc ude réducing or, abolishing the
protein degrocintas defingil berette Exampleef agtien growpsdegndss butiasrnotiindeditos . The

af orenent i &%ﬁﬂﬂ% ow. Preferably
t he net hodgﬂ%ﬂdﬁgo éb%l%%frr]ﬁde g{hnﬁﬁ? 215451%311 elggﬁilS % 0 G&ﬁ%g¥fect ed cells

i nI ][ he trea’(eéddthmn@.tlsoepromlameb,i nipenidinedtrinsthylaaring lapd propylamine. 70% of L Ihe
cells are nMe [ Bl t a 9% a y
at | east 93@1 | | drnt{g‘g% pre erglo t%ufeahelleﬁ’f §eg?§§9°8?u%ﬁthr?%rg}e)&g‘rl%¥lg{t§b

| east 99% lineandr mmhemauhrhtedﬂwelemedmi adnis;snngﬁﬂt%' of carmm aaﬂhgd;rbm ataghd, s ar e
el imnated, The.nunber of .affected cell PLERAL asured
by cells cBﬁﬂ?%ﬂﬂan 0 1 Garbon aloms, bavie a W?%F a§§¥@hen OP&XH% cal'™

acgorrpl I ShE(d)llb:y] a vﬁl’hceérm ‘aikemgidendknayusedlseseiy, srefoed th glsumwuf tetdo:ra per son of
ordinary sKki e art 015 " eriod. of trea '

"period of “’E‘ﬁug%ﬁ%‘iltlmeaégr g‘ %E?Jérlﬁa%@ %%na%trar?g ai?‘??élsfuﬁg %ﬁ?%#maf%ofléﬂcgs to
teﬁt abl i 8[1 By&b@ﬂaﬁm?nﬁu}v(ﬂ%ghﬁ&iﬁw&)tﬂdaﬁﬁhbtbn?f ﬁ@?ig a\/@eetﬂa\%iék ‘ﬁemimsgﬂ ﬁmel fof a
erapeuti c_conpound o e inventign,, or the ti in i.C akes for

the subj ecP!®pradicehandwherpaheimsaprapon i e pnly 78 dpyidl Rt R hegtin any

period of HubRe Soaki@et Sdst BYtwWeBEthS kit 8&borDsf theetalnmare ﬂagt@m@smmle that is
rel evant to the treatnent. h@0153]"T erapeutic,” as used herein refers to a

smal | ol et9i34] peptm’ééﬁmpra BYlifleng hteingsis to piubsiieederi d, etc. that

is effecti M@sut;&u&té@%eaq) br biandd§ BRGHSde Ldivigi patli®f E@GLstiEsoldly bf @&on@n®r Ot €I N

degradati on di sorder.
hydrogen atoms, having from two to n carbon atoms, having a free valence “-“ at both ends

of the radical, and wherein the unsaturation is present only as triple bonds and wherein a
triple bond can exist between the first carbon of the chain and the rest of the molecule.
[00135] Unless otherwise indicated, as used herein, the terms “alkyl”, “alkenyl”,
“alkynyl”, “heteroalkyl”, “heteroalkenyl”, “heteroalkynyl”, “alkylidene”, alkenylidene™, -
(alkyDaryl, -(heteroalkyl)aryl, -(heteroalkyl)aryl, -(heteroalkyl)heteroaryl, and the like
encompass substituted and unsubstituted, and linear and branched groups. Similarly, the
terms “aliphatic”, “heterdéliphatic”, and the like encompass substituted and unsubstituted,
saturated and unsaturated, and linear and branched groups. Similarly, the terms “cycloalkyl”,
“heterocycle”, “heterocyclic”, and the like encompass substituted and unsubstituted, and

l” [44

saturated and unsaturated groups. Additionally, the terms “cycloalkenyl”, “cycloalkynyl”,
“heterocycloalkenyl”, “heterocycloalkynyl”, “aromatic”, “heteroaromatic, “aryl”,
“heteroaryl” and the like encompass both substituted and unsubstituted groups.

[00136] The phrase, “pharmaceutically acceptable derivative”, as used herein, denotes
any pharmaceutically acceptable salt, ester, or salt of such ester, of such compound, or any
other adduct or derivative which, upon administration to a patient, is capable of providing
(directly or indirectly) a compound as otherwise described herein, or a metabolite or residue

thereof. Pharmaceutically acceptable derivatives thus include among others pro-drugs. A
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[ 00154] The term "nodul ate" refers to increases or decreases in the activity
of a cell in response to exposure to a conpound of the invention, e.g., the
inhibition of proliferation and/or protein degradation of at |east a

sub- popul ation of cells in an animal such that a desired end result is
achieved, e.g., a therapeutic result. In preferred enbodi nents, this phrase
i s i nt endegrd-@ujg RG dedleatE OF £bdinshoad ad@llly Gthdhi o ARty RBEH-AHhAmRbAb8E
degradati on di sorder of cells. [00155 T?l’e.te_rgrsrﬁ obtyai ni r?gfp IS | nt%n ed to

i ncl ude puPTHAE Wych cophinsariaddifionabmoistys aibighdesuseagtible tnigmonel ie vivg vighting of
the invent iRnarchRdibli I NG PIHARE IopRANPIRE ShecRE MR by c'ap,%-

"adm ni stere pa;enter%l I.yé?f.s};s qse?gkﬁefei n ?#b?gns mdgéslﬁ%bg%%&m T&%i on

ot her t han¢®¢t whigh isghgveddpivivalto vieliarsiomppund of interesiu Bt d-grupsofianjagetyiobn, and

i ncl udes, wi 4. Latk i j o 2%3 Rhtraarterial,
i ntrathec aﬁrﬁligb%klésé%%%ﬂs}%‘?%drl?&}drﬁl é#%%d?ﬁcfi{?%ﬁ?atﬁziﬁa{g&% ar ?gé:r%gquﬁ gr1t<'§1) gcra %a ©
i ntraperi t pioehings, are knewn andheayl be adeited todheepresnt isvdntiot.i Bharmageutically

intraartic ; ) [ i»nhraspinal,_and jntrasternal
) coti on Segpible SRARRSHisB ey il VBT NS des Pk BAAR R P BE et ¢ n
noi et i es t #rdivatedprdisaativstedupdnzbsbrptivny iFenexa@mpie nadibousset! herej; adnyglhar e

met abol i zeg,i.n Vi esterases. or by other hani sg ta active drugs.

Pr odr ugs n%;[/érg%%&%/ﬁé%g%%oué@? Pf\sltge HBSW%&E%‘”&@Q@?YO gﬂehglg taradf‘?ﬂ%&fF Ypon

condi t i onsexposur¢ toeprtainphysivlegiat tiwiohyents sichek b blood dambldefua, BRrackikiMip! es of
(1677) " prhee et aroiaeFigiee 1ol Dlolopicel Geivity P8 éversh i s can be
prepared iprosinigd nehiytalso Ge bltted by@pending afuneionaliy otd thé tembduad, vaficH A%y
conpounds,, or g}par atelg reacti ng the purjified conpound in its free acid
form or hyRPR §9€ M TRYRE-s{HspABFludedareoxifasion gudirdpetion gagtionsyincluding ups  can

be conver t@gdyhataalgsddekRladbPardr6dicAB feattiontl Gerfol SRMPdrF @a@ﬁlgcemges@rm' es of
prodrug noi eties include substituted and unsubstituted, %ranche or

unbr anc he FOPBREHoDs|aRY Phasmacsutically aeceptable deriyptives,willheghisnesed i more sleteil ) |

| ower al karydinBgéwr s, di-lower al kyl-am no | ower-al kyl esters (e.g.,

di met hyl ami noet hyl ester), acylam no |ower alkyl esters (e.g.,

acet yl oxy Bl est &he term clinkssy as v herainkipfersistacshgmicel moietypitilizdddy latachnet hy|
ester), argk pfsbes SontgobED¥E inRREED )k tlcPUR' 1S5 rar0€NZY!|
ester), substp_i tuted (ﬁg. g., 1\I/lm th rre?%t;ﬁ/fr?ﬂaﬁgﬁgg cgl?lbgn%ﬂtdh?%ﬁéﬁﬂﬂslﬁkgﬁgﬁet s) aryl
and aryl - |dssesibedhasin. esters, ani des, |ower-al kyl amides, di-l'ower alkyl

am des, angof3gfr oxyyam r | peleude .deri vati ves
of corrpougds _o? anyugggsﬁﬁ%c?tig)&r %ﬁ{%@%gﬁggﬁ?%% g%-“ﬁgel?glf)ﬁ’%t H%?’%géoipr?pwr’?%e - NO,

- NO2, - ON@peapmgs: ONO2 noieties. Preferred prodrug noieties are acyl esters.
Pr odr ugs i are q td orms_Lhrou ot her .,yechani sns i n
vivo are a slgbi ncl uﬁgcg%{l ih‘g'c%h%ﬁ%ﬁln(f\é%gguﬁ 8ri°r}1’\?lélhﬁqr%or?lpr9§9d K USSACHER i zed
as pro- dr ugsinchide orgrmonmidliboimpoeddshyrghtie campiunds, niantlg thhdtiaanpernd of t he

i nvention. 8 anguage ra prophyl actical.l ffectiye anmount” of a

compound %‘%Bfr%ét %)n-ﬁragﬁlagr%uﬁctu of InacegtSWﬁ(S%/fjﬁ ° O@%%@?“%YB@WPW#OB et¥fe formul a

(1) or ot kedlwegdrodetie defirdtiorhefcempomttls C Ih dthergkdfaedd anehodinpas, Si ngl e or

mul tiple dose admi.nistration to th tient, in preventing or treating a

pr ot eipn d gcgls'%%cz Oltlg?‘F aaxld QS?“H@F are exclugedpﬁom e deﬁmtr}o£ ofe compounds. In a J
particularly preferred embodiment, the term compounds refers to small molecules (e. g,

preferably, non-peptidic and non-oligomeric) and excludes peptides, polynucleotides,
transition metal complexes, metals, and organometallic compounds.

[00140] “Small Molecule™: As used herein, the term “small molecule” refers to a non-
peptidic, non-oligomeric organic compound either synthesized in the laboratory or found in
nature. Small molecules, as used herein, can refer to compounds that are “natural product-
like”, however, the term “small molecule” is not limited to “natural product-like”

compounds. Rather, a small molecule is typically characterized in that it contains several



[ 00159] The | anguage "reduced toxicity" is intended to include a reduction
in any undesired side effect elicited by a conpound of the invention when
adm nistered in vivo, e.g., a reduction in the hypercalcemc activity.

[ 00160] The term "subject” and "patient” are used interchangeably herein and
i ncl ude organi sns which are capable of suffering froma protein degradation
di sor der orcawdon-cerbort bbonds,faed hissemtlerubdr inteight efifess tend 00, laiﬂsdugmm@n of a

conmpound of ent i on hyma nd non-h animal s.. Preferred
human ani me ﬁhmgtﬁ%ﬁa s Hﬁ%ﬁn‘ﬁp?g ?@@%?@@q W&’%?S&% PISSERHBVARHOR Uf f er i ng
froma pr Oﬂiﬂaﬂpléegf anhall nmlbcdleﬁﬁhﬁebcuiﬁn BAEORcREE busdrahs, hnﬁﬁad‘ii@%&rol bed

he invention includes al

herein. t er.m " nan- human e
vert ebr at ezi mﬁﬁmygm esr‘?fdérﬁ molgcyles’ ﬂ}"i‘f%résyfﬁ}fiﬁﬁlzﬁéﬁl%mml s,
such as nonambum maruderedue&e nBt lﬁnﬁed&@Qﬁﬁpotﬂ@Qdes&Wd iehhLdens, anphi bi ans,

reptiles, ef ceptible to a protein degradation disorder is meant to
i ncl ude sug é‘f‘f’?‘ésu]ﬁ?t“@lsﬁthws efevvel bp Millian S?IBPQéTnﬁs Hedrgfzuciusl Fsptmessder |

i.e., subj %%Rﬁﬂﬁif@htmitﬁ@mrmﬁﬁck% f y of a
protein de radatl o; di sorder, etc. CO§1 %The ﬂﬂ?g%g@n&g%ﬁé%e&]ﬁga%

adni nistra 14, Chemgion H%@%ﬁek?%gﬂm@mr@tad gpein by p@frrﬁlpmbrlalceladnmhast ration,"
and "adm nbfetf@fegqmggddng&gr@hﬁé{ wzﬁ t:} qmlaﬁh%z ul%@é}ls Hﬂﬁz%dt he adm ni stration

of a conpound of the invention material, such that it
enters th&04li ent “Yabyal Pegrugl Chmsounrlé Autqeéberemothﬁmmb‘mhmm and ot her

li ke proc eﬁ:%@ﬁot—hi(@ Eorgﬁiﬁlgg ﬁﬁ%ﬁé%ﬁﬂé@?@?ﬂﬁt a@g%q‘l«nst% ggl%xplgx natlurag%rgéglhe i e

| anguage "a protein con
can be prevdichadurethas salestedshrongtheoition a‘wballyr ttecomypoadiyicontsinbas bon of one

or nore co caus er bat ed. or
characteri izilig Lkl'f)%éotcﬁ&e&r es &’e%? fé)r’gggdé\r%é&gﬁ{%m%m?ﬁtg a&’ﬁl adg Vegi© SBIBERPnd’ff a
subj ect) . #pws withingdsg slad:atrc olmthﬁssmﬁde,rchvdrsmloﬁﬁmw@iahtyloaﬁ bpteinefigs at i on

di sorders 03|t|on t.der l.ul.ar rollferatlon

di sorders | ngcl %glgtt@gnﬁgg ST ?p ihe 313'8??811"1’&19(@? dreflix s o emedd e
cancers defewefthé ﬁmumdnhlagrexmstﬂmbntumheébmpounﬂ@IM&&nﬂr‘lﬁgﬁ 8ddsfly bpinor s, such
as breast, ;| Pr ot ei n. ition sorders include WIson's

d
di sease, sfbllnél{g%aél% bé&f }‘%?E 513‘?’5’7( fap PI?JrF’iaglg'%s sedde é‘%qg&w Wleshle dhag panainge|

Hunt i ngt orprsfeﬂhblsfethnee;)r therilateitior adtivt ARBRIMbIcFRiGhal Bl STHRse #MHRIIDOSI S,
Al zheiner' s dise ander's di sease, alcoholic |iver disease, cystic

fibrosis, aplg lcf)@(ﬂ/' ‘g‘ﬁ y senderdbe igsqniive compaupdsdupgtioaally remindscetrader  or
i ncl udes cmmpmx nafodl pRIdScts, 16 tHdfiBey ey uﬁéfﬁ:’ﬁﬂ;e&ﬁcﬁgl Wineh bﬁ'{lcﬂﬁrﬂdc‘g@%ﬁ ancers,

and solid tunors, a}}d cancers invol ving protein disregulation

cancers i HefHEE 2 Fus giag alsp bp Smstionaldy kemsabprofygiikorm, breast cancer, |ung

cancer anqoéi4gpr Camnvetl chelator”: As used herein, the term “metal chelator” refers to any

molecule or moiety that is is capable of forming a complex (i.e., “chelates™) with a metal ion.

In certain exemplary embodiments, a metal chelator refers to to any molecule or moiety that
“binds” to a metal ion, in solution, making it unavailable for use in chemical/enzymatic
reactions. In certain embodiments, the solution comprises aqueous environments under
physiological conditions. Examples of metal ions include, but are not limited to, Ca**, Fe3*,
Zn**,Na', etc. In certain embodiments, the metal chelator binds Zn**. In certain
embodiments, molecules of moieties that precipitate metal ions are not considered to be metal
chelators.

[00143] As used herein the term “biological sample” includes, without limitation, cell
cultures or extracts thereof; biopsied material obtained from an animal (e.g., mammal) or
extracts thereof; and blood, saliva, urine, feces, semen, tears, or other body fluids or extracts

thereof. For example, the term “biological sample” refers to any solid or fluid sample
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[ 00164] A protein degradation disorder includes, for exanple Wlson's

di sease, spinocerebellar ataxia, prion disease, Parkinson's disease,

Hunti ngton's di sease, Fam lial amytrophic |ateral sclerosis, anyloidosis,
Al zhei nmer' s di sease, Al exander's disease, alcoholic |iver disease, cystic
fibrosis Pick's disease or Levvy body denentia. [00165] As used herein

“suf f er i ngofEiAea Mom SchteeRB bl Bl fcteddyRhPLiGing ofl ﬁié)ﬁdiﬂélh&lﬁ thercsl&a mitRiers to
subj ects having or at risk_ of having such a sorder 6] The conpounds

or ot her tWEPHHBLISTIAPS Gacteipend easth pushmpicel ]éllaf RRERIIEINS @eqha;p&msraﬁé. rectly
i nhibit pratighi, ﬁ?ﬁEtﬁ%ta'x@ﬂebréﬁg'@r ERIRAUTN 954 RpaficDBf 2 hGERREH Par&%wf the

i nvention may directl indirectly i nAi bit aggresone f'ormati on’or
activity. Y BHPAUH §°t(9F a Junan patiselragiseted py.a coplitioner Piscasniol hyrsliagngsedi rect | y
or indirec V) rs or

ot her ther&al]plgﬁsﬁé*gagf t%ﬁ \?éeirﬁ%@%%rna%/et%r r ect}[?ylﬂgpah%érsélgg?%y [ %#’ﬂ%?t

aggr esomne @h@upmeﬂ%as@rmllam pell exgractToed h@lmgmamg)r@dl Bedtiens; phebigpsueixs  of

t he invent r-act i I Qﬁgg ntacting
cells or a@%ﬁﬁ@%@é ﬂfet{?ﬁo@&ﬂ hg@n orcx’f) er %%aenyape tﬁacb%o Eaz{lhaegr%nventr on
to a subj embuﬁlswadnwnmuh@bhcoﬂ cblisé,attars;gpmme,esbiummm, bildyjcerebrospitdd flgidscept i bl e

to a protej adat i. ixSOr der . or i b|t e _occurrence of aproteln
degr adat i o‘m‘%igtz%f?‘a P enﬁ’&f#g’ﬁa lféeu&alﬁlg‘l Ihce g‘rgfelrt]mﬁ o] 10 ) ﬁ:gg?s i ncl ude
bone mar r dwmirrmrmjr bmhlylsccrétBME@)tranaldej’ anpdmdaaé (etd. doid ovaired fiokd @bsdeey |
(PBMO), hocyt ai.r foI | es | l.s,, other.epithelial cells,
bone mar r o BY gélﬁﬁm%é’l? rdectigy pr ?m(?gth‘l‘f’ér gléﬂdl ta“f:?&ﬁ"@‘h?”&ﬁ & &domtor

cel I's, norjofk op4 joird BRI di\@mtsﬁﬂmsehémasdl@maw SteoREHHIB] gout @FemR) | S,
solid tunor c I):Viheastroc ytes, and the | Cultured ceJI may |nclude

one or nor bielogicplsamplesti beohjain T HS§YR @GI“E‘RS 2 b Yrar y

and est abldrsh@gsmea@enmln&aylcbﬁpﬁse R Meﬁeﬁﬂﬂnﬁ?%ﬁﬁ'dr shieged gy cel |
| i nes. [Oorégdalxg used herein, "phenotype of henot ype of t he

subj ect arstitinmed By amytfel stera?ee%rtorg%ne?@rogtcel wrﬁﬁmry ajsn

mani f est atée@tibn@'bf %ﬁé's%ﬁé}?dfs'iﬁ)tzbrpse@iflorfs Rekefr ?clrlhls%loééhb%)ﬁﬁ@)ses Biblo 1c§l@a19ﬂ§§ rvabl e
mani f estation or observable attribute. The attribute or mani estatlon may

be st ruct wselinclpdegeibpescibiologinpbmeleyeiariuding proteinseligids, subeltydrafisandhenot ype
nmay be a tl’lu@ief?:@ﬁcﬁl@ loerREat&d by Yaridh OIS&f?rﬁﬁét@ﬁ'aétﬁnétﬁﬁQ)? @ﬁﬁ%rttﬂsrﬁ H3fHo gérﬁjték ar

treatment or cong}gund Phenot pes anem a nbocyt 6peni a,
neut r openi4lthoggh IS%I@PIQ is| poefe s s' ‘takisp drempyalyman smgﬁdd@pg@alémyles membﬁ

| ST 11 R any WRRAICALAOHRria AREURER B, iyl AN B8 SorcRGY cont 208

of malignant c at1on st n apoptosi's o
pl asma cellumans esedll asmomdigmens aimals; at anpstegeet pb‘ameoe ichidingDA8xample,

ubiquitin p}gmﬁrﬁ S 0 t th dyneinin
mat ure pl gééﬁ.glg%lgﬁnq?%%{t?ﬁs evé{iéh i ﬁigﬁ eic(rérg pr\({){ﬂ%Lre dyl 'Y mature
pl asma celtissye shmpbb amfcomubmbeb@phmalmea cnfraempﬂlsafﬁtmmml é(mnplhq\mlbodi&neﬁt%RP in
mat ure pl mdrne t ake i ture dil ated ER
ci st enae, q%%%r g‘ba |on o lsr?arf]%ﬁ”@a ng?rém{%@{r?gfouﬁeegf)agﬁn‘gb% |n?"ﬂ?}5?‘?'o ?%ul i ns
i B mat ;Jr e apiaﬁsmkep,aiaﬁ&faamﬁﬂtwcla:'alpdg). &ha:h&nabinayd)aaln'aﬁstgemf Eallﬁfnlﬁl@laﬂ)lﬁhmagl obal
ubi qui tina d.an ul ar ot ei ns te. of ce cle

regul ati or‘f gfc% e? t?‘ﬁ'g OE‘)&?C? P, ep‘Bf)’F%es Jecrﬁ%&’p‘?r WAIPIRESS i ssel | body
formation m@tﬁﬁgmerﬁnﬁmpar&tmm&mbésane protein receptor state, and

nodul ati o eIIu ptei.n deposits, or obal . acetyl ation state of
cel | ul ar 2%(81 tr aCJQFaq taqe% gﬁtéqtﬁ§§or‘adm?mstegrlng ?nclu es I‘O}IRCS of introducing

the compound of the invention(s) to a subject to perform their intended function. Examples
of routes of administration that may be used include injection (subcutaneous, intravenous,
parenterally, intraperitoneally, intrathecal), oral, inhalation, rectal and transdermal. The
pharmaceutical preparations may be given by forms suitable for each administration route.
For example, these preparations are administered in tablets or capsule form, by injection,

inhalation, eye lotion, ointment, suppository, etc., administration by injection, infusion or
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[ 00169] "Modul ati on of the phenotype,” refers to a change or alteration in
t he observabl e phenotype. The nodul ati on nmay be, for exanple, an increase
or decrease in the characteristic, or the appearance or di sappearance of a
particul ar phenotype. [00170]"Favorabl e clinical response,” refers to any
advant ageous or beneficial change in the phenotype of the subject. For
exanp! e, dakRAass bpRAIBY Bt HonfFRA R Qalh ShERtHAS. Ofal difinflARASE
Favorabl e clinical responses may also be a fotial amelioration o The

di sease st Afeé&erefodherinjectipnyanbp belagprrgabt eontinporisifusier. Pependinpopibe nahitor

ot her ther apgdﬁihgﬁgtﬁgtthggb@}ag&) e k radation in.a cell
or subject. Protel n1 d’egr adat | oné)iﬁlrl]ﬁng%r?%}rfg nayof%%{i)rg'hgfg%%wésel WlﬁsﬁlefteﬁDACG.
Exanpl es i féfetialdo Rrodachi &omoetupdl gowlifionsiwhichanay defitnentily effeat fita abifity to

bort ezom bpe ¥l GRAQenaed Fct 40 m. nun- . . arseni ¢
trioxide, 17-AAG, o?négonpgtﬁ%iﬁ ééé%lg%lgg}ﬁ]g:;%eﬁ&ﬁ%?%@@%ﬁ@ﬁ?’ﬁn‘”

i nhi bi t or sinrepud¢toastitheitber andtheti agenttab describridaboveHDAGH sphaymmtiticaliyet i Vity,

and w t hou .Skl 0g.:1 0 bound by a rticular scientific theory, to

t her eby i n%ﬁcﬁtgm%%%?éers‘g%gthﬁe%3?’8%”}5‘%?@?‘?1’% o8 g2t heimindstgred pHOda fieadat i on
i nhi bi t or sadmiyisadtoo of theiolliet agdBPSithuliheand ¢ with thedgedt AGtatSthe &TmiisB&ion of
chaper one ins. .Protei.n degradation inhibitors may alternately inhibit
the Cter mﬁégée%g(r:é}ﬁw[ﬁolr% e f‘ﬁ%?’f‘ﬁ’%}?e IprsRBgn Cﬁ"ﬂiﬁ”é’ﬁﬁgﬁnm‘ﬁt‘ﬁﬂ PPy gr esome
medi at ed pfoohevhichdegmaeteddiing its Rethie @ichbIBEl @dadre aftive RMtBbhieiSvivey al so be
aggresone j.nhjbitor anpl es of, resone inhibitors include tubacin,

scri pt ade, tog?‘{it her ﬁ@%ﬁﬁ%‘{?ﬁﬁ sblﬂlé?%‘&‘ﬁ%gfé‘ﬂﬁ??e PER semnopad ef the muertion dndleses

i nhi bi t or salhefivisibsdicliéibydiomposid dTeke iiérfibhd M aQ8spbidile’ REL tinclldd€ gl SaSONe.
Exanpl es of .proteasqne jnhibjtors include bortezom b, MGl32, sapojargon, or
NPI - 0052. TP0ESFIRMH¢ potHs elinitsd BY thesresgrpaurdson i nhi bitors incl ude peptides
derived frjo0o146PACS sSBibiosfchEddinpbaiomedeliab 5] » . For
exanpl e, pepti (;j)es deri,\(egfjé frqr% tﬂe C tler%jcﬁgfﬂﬁgg’p{ol}l%gmg% %%gék Hi st one
deacet y| as@™PRTI#H to8aa1Re-gideriyadcrae eclls onpiopeltwersu Enll-aenthipide oxapwsitiens
non- sel ectihoigdey fo eX@RNd, RhnBSARh Eloéb,!rwﬁﬂ%y : ectesle,gfai’e'fe‘%%oéc%é‘u 1) -

[00173] Det erm nati on of a therapeutica e anti - proal iferative
anmount - or Iﬁlkﬁ?ﬁfofﬁﬂ"%afeéeﬁlmd sl peateins bload plasipe, platdlerivhiplesmarplasmaof  t he
conpound QbndeRRath,AB iR zﬁﬁ%ﬁﬁc@?ﬁp&%fﬁQESQX, atsﬁﬁrgagynﬁ

frci an_or
veterinarian (the "attending c one ’skKi

|
. , notH®art, by the
use of kndiRgtienetemeidhreplasmed bloyd plasma piotein fraxtiohs, purdfiddair padalinsieifieanal ogous

Ci r cunmst angRa vrotllf: Led dependi.n n_the reguirements of
the subject Iht esf{uggrrg%{lﬁ%%m?’%g%%[’f‘%%% ng Iy %Ollll(gs?ﬂ“mtw ksBi% ity of the
condi t i on PePIY extrasts, e dryaprdcipitae, partdsepsriaitant arcplh isste iRAnmgalenRED YElthe | N

det er m ni jcally effectiv t.iL-proliferative appunt or
dose, and%ti'.g ﬁ%%%%ﬁﬁﬁ%?éug %ﬁ%@? LS %ﬁgﬁql‘iﬁ’%}?lﬁ ’é‘ﬁ&ctefl\}‘éblaﬂ‘g"i)ﬁ%’ or dose,
a nunber efd praduoty ipoduced mameH icdlarretly hyrmiaher tainsfonidglletd &ived RBombiRgk udi ng,

but not | i4yg - the eci.fic di sease state; pharnmacaodynani c

char act er ?);IEH §€m{)ﬁ)°¥°ﬁ§ aﬂﬁ&fq@éff}hﬁ?lo ée ﬁgcﬁ%@?p@gp 198s eaPercaiinfge.oln a

adni n: st r ateifared embedithest, & Stdtabieﬂiﬁol?@&hﬂ Siﬁnﬁfsitioﬁ%biﬂﬁig_lc];al_ stabx?_leﬁpﬁ fda@oddf ved

manmal ; its,size,. age, and general health; the specjfic disease involved,
the degr egalo?us%eﬁlglf’?rvﬁﬂ S\?’é’ﬁﬁﬁ‘g’o ef‘tﬁ’ég%&\?%‘il selisuppensippingludesyammelipa blasdponse
of the indillsi BredralRttheblbod Ede aRdbiairel idkn LAFRAUDHRAT M Rhehed of he Mode
of admi ni straﬁl on; the bioavail abili timcharacterl stics of the preparation

admi ni st eFaé’ga, Fite? HO%E 8O R RSP OBt Bigt Srpreteed rpbritlinents dheciieadenetl ¢ reat ment
(i.e., theuspdikihaelidedreabidod@et:HRAY Pgte‘fgts dddfor 'Jéﬁ)(@%'i&e's%d/w e %Sa;}%(v

co-adm ni stered therapeutics); and other rel evant rcunst ances.
[ 001741Tr ment can be initiated with small er dosages, which are |ess than

t he [00147] The term “effective amount” includes an amount effective, at dosages and for

periods of time necessary, to achieve the desired result, e.g., sufficient to treat a protein
degradation disorder. An effective amount of compound of the invention may vary according

to factors such as the disease state, age. and weight of the subject, and the ability of the
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opti mum dose of the conmpound. Thereafter, the dosage may be increased by
smal |l increnents until the optinum effect under the circunstances is
reached. For convenience, the total daily dosage may be divided and

adm nistered in portions during the day if desired. A therapeutically
effective anount and a prophylactically effective anti-proliferative anount

of a conpoutanmfund bfthé fivedtion del@ht aldaird ' ' . vary from
about O-rni i1 1i.qgr Ber. Ki | ogr,gmtgf %(r)ég'?c*!s?e&?ﬁs%?thng} a(%g;e/ﬁ(%%g?{?gﬂfgfl%‘a?'o
about 100 mj? ‘1‘?@‘%@3}? To5i5S 5 timyB therapcye repnansre dAn effegtivesicmint is who bae int he
i s . . . ) ) ‘mals. e g,
e chi Ckens. anoie ot dainBil bfells RO AHA0 R Mach Rveg © O

dogs, chickens, and rodents, may al SO be use in

di sorders i #¢AuHEREed brihe themppytically bomefitid effeats.of treating the disorders in
humans wi | 10b1a3y, bagefesioncdi [ in animal studies, the
dosage and %&ﬁ?g of adm ni st?a??ﬁag?a@ﬁgﬁg?)ﬁ%nopfﬁag?gﬁ%m? (% &ener al |
the dosage @A Ysi9sgehmarsnesnirem abatt 6:001 to Imelke body vesight,(referably aBeutsi i | ar

to that in i %l&,h The i kLicatio hos irents who are in
need of pr o%mytﬁggt%?géi regt@;I ﬁggl.r’réog‘?ﬁ%ir%éfbl? %pg{h-ﬁ&%ﬁ@%{&ﬁc@tv@% 3ng eyiga |
wi t hi n t he THF Prefsfatiniabouh bl Bugkei2 toSengikd, Blie8 nighke] A& Phib/ikgGaistigign of the
met hods f or, é’/pé-:-gg' fiSatk i ient s, whi ch e at .ri sk of devel opi ng
proliferat ive o s aveéeg&rét a esg(il%ﬁ/ﬁ%%ﬁa%gﬁl @Bref’ta?g{;”é&e"ﬁ}n fagiersany) inflvengetnod ar e
appr eci at edofage requiredidietiattivalytteat sanbfecainchudiniibut kot SR o thi&vBESSeAge Of

i sk fact ' d with the d | 0 f that di t at th
Subj ect pacear oF Sl dedfn e hoplts dfr residPhoyubleeinandt v such
candi dat e pther distases posserith Marewen) treatfngsit (ﬁ%@{ﬂ?é&witﬁIaitﬁgrgp’g{uigaﬁ§gﬁ'ecﬁ99y5i cal
exam nat i O?mgﬁ_ﬁio glc|> cal /fagﬁ'hl H)S} hi story, 77]1 A net hod of assessing the
ef fi cacy of "an ant roProP PEhs fveRtiqn

0
£ 2 singly tseipienicar, prafetabljpean

det er ni ni ngpchudpa series eatremmentR RAE YR8 IMY 2 FEEOQ ARl Méﬁt@%m inﬂldt Ot%ﬁheart and
t hen adm njstering.a t her apeutically effective amount of a Bro el
degr adat i ofi PSRBT [E§Fange AF betpeennbawif bisr20amedkeeady seight, on time abt weekifhe
adm ni st r abétereenciboiitieto 10 RREKY) fref@atlly betdeddOUH R hour 12 hours,
or 72 hoursb;? f%e phenot yge isgrdet e}?yn‘iene?:l a ai%rwe lf{%gi&és ﬁééatbfy:)bf%‘g‘?ent he
phenot ype Tt €% eweeks.nd syan ragre greferaldy farehout 4Ther pineslst ipeilingys Hae
det er m nedappeiciatditha ile)etlehiRURBEM L £ Xanp! he phenotype
may be checked evgry f ew hour s,g%ga s %@%@Eﬁ g{vglgnsoéls efﬁé%r?ag’?’grﬁé‘?ay
effi gacy dflcr;??éog @ﬁaéﬁ%%‘te?ﬂ:ﬁéﬂzge : naatimexgs of geze_rn‘i ni ng pheno]typ;as
are di scusperoj nf r aThd Rem ™R - i . e used to screen or selec
patients that may benefit from 1t%?leatﬁ%rn;strf C%nglgﬁytﬁf%%ﬂ?ltﬁeéﬁ?%?d%ﬁ%ﬁ or
i nhi bi t or LON{IH1CPRJikgns i ed itterndienyirdnaizngi ni ng a bi ol ogi cal sanple froma
subj ect, " [powsopdes RL BLAILPY« for,use j.n,the nethods descri bed
her ei n. Bi_[ol ogrcal sanmp ée“saggrlglp?escIrbfotlj%%fzah%rf’%ﬁﬁe.s reters to any activity inherent

in a compound of the invention that enhances its effectiveness in vivo. In a preferred

embodiment, this term refers to any qualitative or quantitative improved therapeutic property
of a compound of the invention, such as reduced toxicity, e.g., reduced hypercalcemic
activity.

[00151] “Inactivating,” “inactivation,” or “inactivate” “anti-cancer” and “treat protein
degradation disorders™ as used herein refers to diminishing or eliminating affected cells (e.g.
per ml of a treated biological composition). In addition, these terms include reducing or
abolishing the protein degradation disorder or the protein degradation disorder . The
aforementioned are illustrated in detail in the examples bellow. Preferably the methods of the
invention result in at least 50% of the affected cells in the treated preparation are eliminated,
preferably at least 70% of the cells are eliminated, more preferably at least 80%, still more

preferably at least 90%, still more preferably at least 95%. still more preferably, at least 99%
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001791l n anot her aspect, a conpound or other therapeutic of the invention
is packaged in a therapeutically effective amount with a pharnaceutically
acceptabl e carrier or diluent. The conposition nay be fornul ated for
treating a subject suffering fromor susceptible to a protein degradation
di sorder, and packaged with instructions to treat a subject suffering from

or susceptible tg a protein d _ i i,sof d . ] v ot her
aspect, aa%?"l‘?Batﬂb’F‘O’Eérpé"afgaﬁlé’ gﬂ%&ﬂé%ﬁegfjﬁifc glﬁsl %éelﬁ%%&%?ﬂe&%ﬁ%& ible to a
protei n degEacedllon dlirgRrion nkg bp ieadurgl tydrellntahsmpeng! ¢fprepastibp.eBuchian need
t hereof a therapeutically ef f,ﬁéé'gve alrmu‘gJ f[%;lwor otein d‘%ﬁ %datti an

i nhi bi t or MepFryRREE BAY b¢ acsgmplished BY,p YAy YUY ORE 25PN o “SUECRbtibl e to a
protein dsglrsaggftcjngﬁ kEphsee artUpon identification of a subject suffering
fromor susceptible

0 a protein degradation.djsorder, .for anpl e
nyel oma, #0152bot ei rARIEY 8 At irgAnen t g inn%dﬂﬁtﬁ?F@eéﬁfé‘ﬁpse[%g’ﬁ%giTﬂ?ét hods
of i nhi bi %b%tﬂ&e%%&hﬁhh(iﬁgké%léétéwsﬂ DstAblD bRy tRerfiRgfi@dlq eifentive bived eeim
conprise contacting cells or subjects with a protein d,egaiaﬁ(.jﬁatl on .i.nhibitor.
The cont adavehaf arfberansatibsompound pighe wvention, otibg e ywhich it tps fopithe sPbigindi ng

the cell's o gk 2SHARR polifbn!d? uedh@Mclid el sy deholf il bdigheditlyifio dbfRed 1 Vi NG
or existing. The contacting nay al so be by directly contacting the
i nhi bi t or ot health@rcmbfessional thatis seleviayt to thedreg@imbhict i ng may be by passage of

t he i nhi bi t hr ou » flar.: : hdpkigd Ladtdian,
530" 7o e RpRiteh 86 heed ol AR ol sRICRTBNILBRIR g

dependi ng e route a ) | .
t he di gesehsyeetantbddyomuctdieach, etodthst is effiertive totespt ¢rds syspictedpioeing giechive t er ed

directly to cells i.n.need.of ,the inhibition. [00182]1In another aspect,
net hods o%o 'ir??ﬁFBWei%Se%ad%P%% %llsor]lrgecf'egr adation disorder in a subject conprise
admi ni st e[éo1g4jan ef Theatin matubamsitrefofs tamcraabistor tenreases in thewojidbtof aThlkin

adm ni stration may be by any rou f. adm ni stering. i

phar naceuf?se%ﬂseé?%/’@f’s %’ascﬁ p8'é’?dt%§e REGRAOL & "%%?’%‘bﬁewé\r%g%‘{ﬁf%ﬁ%&i sor der,
may be at and/SkprofeintRyRbaRnRg atleft o kwb-popdiivmdidellon aiponal euch that amay need
prophylactic treatnent. [.00183]1n, one pect., .t he. neth f ing a
subj ect widgsired eodirsiis e T’Véit‘b;'aa BPEPH res&&glna%gqef%é]e O?%dgnrl%nté%’%g%rrpri ses
cont act i Nghiabieis G@bddedd iAcladdpoleti degehaaticadidorden andibi dprbein deffadativant act i ng
may be by addition_of the inhibitor to a fluid surrounding the cells, for

exanpl e, diordseoffieint h media in which the cells are living or existing. The

contacti n%dﬁxlnal S OTIRG ey “dhiiaE" ¥ i eTe@ 6 inflgdd MecHasing Riyhthesiding érhe cel | s.
Alternately, the contacting nay be by passage of the inhibitor through a

subj ect, PBerdsaragrising drercempauids of e dependi ng on the route of
adm ni str dﬁq t heridirRLd YardiRYal biAUS ralibr oM RadriBisttidgntdneeallyr act or the
bl ood stream or nmay be applied or adm nistered directly to cells in need of
t he treat megdtherein means modes of administration other than enteral and topical administration,
usually by injection, and includes, without limitation, intravenous, int;amuscular,
intraarterial, intrathecal, intracapsular, intraorbital, intracardiac, intradermal, intraperitbneal,
transtracheal, subcutaneous, subcuticular, intraarticulare, subcapsular, subarachnoid,
intraspinal and intrasternal injection and infusion.
[00157] The term “prodrug” includes compounds with moieties that can be
metabolized in vivo. Generally, the prodrugs are metabolized in vivo by esterases or by other
mechanisms to active drugs. Prodrugs may only become active upon such reaction under
biological conditions, or they may have activity in their unreacted forms. Examples of
prodrugs and their uses are well known in the art (See, e.g., Berge ef al. (1977)
“Pharmaceutical Salts”, J. Pharm. Sci. 66:1-19). The prodrugs can be prepared in sifu during

the final isolation and purification of the compounds, or by separately reacting the purified

compound in its free acid form or hydroxvl with a suitable esterifying agent. Hydroxyl
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[ 001841l n one aspect, nethods of assessing the efficacy of an

anti-proliferative treatnent in a subject conprise determning one or nore
pre-treatnent phenotypes, adm nistering a therapeutically effective anount
of a protein degradation inhibitor to the subject, and determ ning the one
or nore phenotypes after an initial period of treatment with an inhibitor,

wherein the nodul ati on of .t he phenatype indicates effi.ca of, an treatnent.
1001851Ef f BOERNF2BPC SOHF e&t%ﬁftgrﬁﬁﬁ?tb%g??é‘g‘é'ﬂbgﬁarg%xryﬁg%%{gmﬁ)\é%m%{%s ogn i ncr ease,
decrease, pRIRRIVNERs AElutk SibpReed andesotistianddlbrandhyder unbfdncleadywermikydl so be
measured in terns, of a reduction, of §yWo azs Ci gtiad Wi ggl%jot ein
degr adat | ofstmOtige (2.2 sPTSPIgRie L IR C&%Y ers, g loxver alicxlAmigo, ~ of
Synpt ons apgRLR}IRGteMi(t B, dnRiflgiifbedSUEAdH bbinib sovdalkyl dsBsI@E,Phenot ypes
i ncl ude, biological or clinical sequelae | resJa nse to grﬁpartlc | ar
treat ment wetyiempskestepoteyloxd inyyes alkghstrrsle s MG E’é‘W‘S‘B ster), HELFFEheni a,
osteol yti c%hsfgil o), aa@-ﬂtﬁanepa%kpl, estefI RO UBHAyCERRE, Yubshifal(e. b.oith tleGiyg mals,
a, y O

hyper cal ce aneupl ol mature pl asima cells, percentage of malignant

cell's, acevyhethoxyrubstitrerislonylans atyi-toweapliph otsrs apidesravrelyl areides. bl | s,
| evel of PRYEEAATRR AR B ARRNR GifidrleRampI (it B thdib iRt Oived of T U ©

pl asnma cel ssocl ati"on with dynein in mature plasnma ce ,
cel | ul ar | eomgloyndsfof enyi efdbenformulecedisqlesed bérpin that comprifeeNR) P -@HPI & - | evel of

caspase- 8 GROTRINEEs WL 88T S840 ol BtPhreALRARE. PRFRL WERNAIASHTRE

t hym di ne uptadke 1 n matur I'l'ated I sternae, aggregation
of mat ur e plissfoame tirdugh othepmsdihiasisw$ i7i vivaaro glsoingludeds The compoyrds pfthema cel | s,
acetylation state of non-hi stone pr i LUl 1.l ' state of
the cel | ul'Z¥® P%fng?’%%,syn&eg?ee&aéfpr%gfu%g %}?Q%%ngleagu £ ﬁglﬁ}g%ﬁfé’%‘%}%&*?& mar kers of
apopt osi s, coappophdefithe intantion. Russel | body formation, Cystic Fibrosis

t ransnmenbr r ot ei eceptpr state,. d dul ation of cellular otein
deposi ts, @Bﬁé‘ﬁ obal lrg%%‘l‘%urag? i %Wog}{yichcﬁﬂ eétg{:)trv& |1251° 4y 9%9( nr(%%oélélﬁ Feuf’f’g?" :
prot ei ns. AhenebyifesoiPyulders tHedaventoh of thertamulagh or bihervdseatepdribed higrsinal |1 y, by
di agnosi s, or, by_an. assay as described herein, [00187]] ertain .

enbodi nent @Plc}%llsregg‘f}ﬁ’ﬁ ‘B’HX sineleor F’é’{tw?ep‘ﬂ’éﬁ 6‘519‘[9%% AEdR %i‘e]é’&g?fg’r BPFVTHEi% at es
ef ficacy. tHauBYeproteiie@pndiitth Gsorddde nechani smof action of the inhibitor,

t he phenotype may becopme nore severe for.a period, of .tine foll.owed by a
decr ease. %ﬁ]r%q]woul dbe jeagpags, heduce tc@‘f"FWcé?c‘?‘%B‘gedtt? gﬁ{%ﬁ{?duf%fggﬂ n one

embodi nMentyydbdi@d Biae Bl PR Yy P Eoflf&a Bt RANRALOWhdIIdRIi§18RE inFiidk.g.,t O
treatment to establish a base-line phenotype. The phenotype may al so be

det er ni neck SHWHER infhe BYReroHesmig ACHYY- and/ or after treatment. The phenotype
may al ter r{@biéﬁﬁ' Yy bendehf iR 88 epMenttLustd RS HAREMBS hetdiCAHdBM

Conmpounds of the |Invention
organisms which are capable of suffering from a protein degradation disorder or who could
otherwise benefit from the administration of a compound of the invention, such as human and
non-human animals. Preferred huxﬁan animals include human patierits suffering from or
prone to suffering from a protein degradation disorder or associated state, as described herein,
The term “non-human animals” of the invention includes all vertebrates, e.g., mammals, e.g.,
rodents, e.g., mice, and non-mammals, such as non-human primates, e.g., sheep, dog, cow,
chickens, amphibians, reptiles, efc. Susceptible to a protein degradation disorder is meant to
include subjects at risk of developing a protein degradation disorder, i.e., subjects suffering
from myeloma, subject having a family history of a protein degradation disorder, etc.
[00161] The phrases “systemic administration,” “administered systemically,”

“peripheral administration,” and “administered peripherally” as used herein includes the

administration of a compound of the invention(s), drug or other material, such that it enters
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[00189] I n anot her aspect, the invention provides conpounds, e.g., conpounds
useful in the nethods, pharmaceutical conpositions, kits, and packaged
conpositions of the invention. The conpounds useful in the invention are

i nhi bitors histone deacetyl ases and/or tubulin deacetyl ases. Usef ul
conpounds are described in U S patent applications, U S. S. N 60/773,510,

filed Feb ;
U ss N ol auli iy it el pllabold wd b B o oy
9,2002;eynmmﬁ&waymmmmmmﬁ@m;276 filed July 17, 2003; each of which is
} ncor por at[ﬁ(ﬂg? rel an[ﬁ%]é cﬁﬁm%ggx%&%ﬁx%ﬁ&‘a&ﬂ%é éb@ﬂﬁﬂdh of fsdaliE vibidBS eNt

I nvention de c wher &i n
i's cyclic cai baprgednied, traatedst lothaltvast apreligragad by tadninisdtiorbefzone hewosr  unbr anched

al i phati c; cli.c cycli subst i or
unbr anched® ’H\B/ ﬁ‘ﬁﬁ’é{g’ﬁb"ﬁgﬁﬁg fa}utsedt‘ Q%%%b%d w}%g’? e ﬁ%eﬁ%?%rﬂ? nec Hezb
ungranchedggeyhmsaumsbﬂkuiBdhuﬁauﬁ@u@ﬁﬂhmnmaﬁga&nandhedkmnmmme@mdhed aryl ;
substitute r uns bsti tuted, branched .or unb
- C(0) RA; ‘%?QA‘SCT %’6@5\& Eﬂ%&‘ o Ry ‘iﬁiﬁ\s taﬁ‘lilﬁéir ‘Cﬂ%ﬁé (ﬁgc}é&é& RA) 3;
wher ein eaﬂdml déﬁ:ﬁﬂtfef , ErCeRarbple RBydlGma. rmlmaajadml ihytude dmﬂhm@pemd ﬁomrﬂm ecting
group, an aliphatic noiety, teroal i phatic lety,..a C an
aryl i e@’thegmﬁetpé?oda?ly‘iledr%q %15‘5 famgr. SR FE?F" ga“élk‘ﬁ tlﬁ %{m ‘%B {:“?Yﬁ 0;
anm no, al Idkﬁc@&l iRGQudedWasdayd (ﬁgaafeosplmmbam WhoEX \priof disbt, Patldtisphs ramasapu ety;
Huntmgton s disease, Familial amytrophic lateral sclerosis, amyloidosis, Alzheimer’s
disease, Alexander’s disease, alcoholic liver disease, cystic fibrosis, or Lewy body dementia.

[00163] A protein degradation disorder or includes cancer. Cancers include, for

example, epithelial derived cancers, and solid tumors, and cancers involving protein
disregulation. Other cancers include multiple myeloma, leukemia, lymphoma, breast cancer,
Iung cancer and liver cancer.

[00164] A protein degradation disorder includes, for example Wilson’s disease,
spinocerebellar ataxia, prion disease, Parkinson’s disease, Huntington’s disease, Familial
amytrophic lateral sclerosis, amyloidosis, Alzheimer’s disease, Alexander’s disease, alcoholic
liver disease, cystic fibrosis, Pick’s disease or Lewy body dementia.

[00165] As used herein “suffering from or susceptible to a protein degradation
disorder” refers to subjects having or at risk of having such a disorder.

[00166] The compounds or other therapeutics of the invention may either directly or
indirectly inhibit protein degradation. The compounds or other therapeutics of the invention
may directly or indirectly inhibit aggresome formation or activity. The compounds or other
therapeutics of the invention may directly or indirectly inhibit proteasome activity.
Alternately, the compounds or other therapeutics of the invention may directly or indirectly
inhibit aggresome and proteasome activity. The compounds or other therapeutics of the
invention may directly or indirectly inhibit HDACS activity. Contacting cells or
administering the compounds or other therapeutics of the invention to a subject is one method
of treating a cell or a subject with susceptible to a protein degradation disorder or inhibiting
the occurrence of a protein degradation disorder.

[00167] As used herein, “cell from a subject” include bone marrow stromal cell,

(BMSC), a peripheral blood mononuclear cell (PBMC). lvmphocytes, hair follicles, blood
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R2 is hydrogen; hal ogen; cyclic or acyclic, substituted or unsubstituted,
branched or unbranched aliphatic; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; substituted or
unsubstituted, branched or unbranched acyl; substituted or unsubstitued,
branched or unbranched aryl; substituted or unsubstituted branched or

unbr anched_ het %?”(g;ﬁﬁ algNancertdls, paibR derwidRB;

- SO2RB; - O%F\??%%hal c%%[}e or - &aRB 3, vvher elcr‘t3 eaghp occufrrlence of RB
is indepe ntherot bqllsandnmalrangmsaroas jnstaroictia giei ol netal st gehlatsolid oSt y, a

het er oal i ph ic | » f\ﬁ\/jlﬂf PRy

noi et y; g’ﬁ tr?i yels’o ¢1Hﬂ9écﬁeﬁ t”tgﬂma“ﬁgﬁqgé#g%&f: ﬁy anﬁiﬁ’o, 4

di al kyl am RBMIMB,GD@XW IMMyl,R, dNAlfﬁeLRS,cmm}dry imdeestablisked canaercbell lines, prim®3 i s
hydr ogen; hal ogen; cli acyclic, substituted or unsubstituted,

br anched o@%ﬁggﬁﬁ‘ﬁéﬂmﬁfﬁeg R8PS c. cyclic or acyclic, substituted or

unsubsti t ufpedes)br anomﬂedltereiml&pme@pd ofwdelir’Opherphpt iof the sulijet,” tout ed or
unsubsti tuted, branched .or, u br anche substituted or un i tued,

br anched oESyﬁ‘ﬁm&g%@&“QF 5y e ?Gcb% t&@zfé’a@ ’ﬁar?éttselﬂ%tﬁntoﬁf Aot ae ﬁ}é%l or

Uggrz gnc heﬂlc&g'l%@i’i\ll?g‘t )élz atn@Bé‘ervNHc( Oab@(mﬁﬁigﬁtatg(ngi)gﬁkérvab@dttnbﬁ@\li hhe $iribute-0BORC; -
- c;, - - C) - or, - er each occurrence of Rc
is i ndepen’éé‘ﬁquvh‘én moKPOHRA aibchg?rgm H@S%’fﬁfyla%ﬁ) gFl?ab’Wéfﬁ? ﬂ#ﬁ)l ety, a

het eroal i pﬁ@: bt?pé’rﬁhfﬁé/a blaﬂFﬁﬁwr ciRtA sdueRP irfredlon§8tb @ piiticalabigdaGhan by |

noi ety; (0) thio yl thio; am no, al kyla

y: o aryl oxy;
di al kyl am ¢RepoHed. el%i@a‘?fweéwlwéfanﬁ@taeF}E%P%WPWIMF@%QFemérﬂﬁteg]rYHF iRt i cal |y

accept abl epgalh, ﬁﬂﬁnféﬁéﬁct{ét&y \fétﬁu &Q‘%&Qﬁcy, ilﬂ)egﬁm:@l'hﬁl ane%lomr@pfdaﬁﬁé a met al
chel ati ng fungtl onal group (e hydr oxyam c¢ acid hi ol s, ,carboxlic

aci ds, or t Plesmadelsanickitagesof r@tlgna)nt cetheacpmaapn ‘é‘hféloﬁt‘ibhlg“ gPRiRsis of maiBeight t o
bi nd the t 2SR

enbodi mnf@ﬁéu@wﬁg lﬁleﬁ%ﬁet%&téé %rgallgms%sbst I tlﬁ?gydji?i?tg!r@gl%%%g“ﬂgmr?m ety
(e.g., a hpleenoeils,FHMCEasviigiop viiblmeinin watup plesme asBs, eelbdanjevelsiolg, whi ch
may be opt J; 1 bstituted
or unsubst Itﬁ@?ﬁ%&wﬁ'ﬁoﬁ%ﬁtﬂ?&%wg a%&‘é‘&%%e\%l 8mggd g‘g'?llt1 ?&Fﬁ %Sr?naﬁcﬁggbst ituted
phenyl). [Bod @IENRByn nmnmtlm s tth}tnbéde afakecin aiae plasma mﬂé,\ﬁhbt@dlB}(

030 ok b A i AR Bl A

2003; eachcefif, doktiylation sate nﬁmjrngﬁstameqﬂoﬂams,@wbabybxqmﬁmtm swie o'flt’r@ cp}hds:e nt

i nvention |nclud S S i fi.c compounds and 8s of co hln
A TR e S o g S A
been foundbddy foenapias,Gyetid Ribtogis Uh&ﬁs‘mﬂmbrmletphnﬁexh rrﬁﬂptﬁBﬂﬁte,cﬁnd muddt:lafibreofiy el oma

by inhibiti HDACG nown t a.role in_t de nof roteins by
t he aggres‘ifﬂgl ogs, ?rrgé%afi% y&aéﬂﬁﬂét?tc(% gﬁﬂa’-‘ﬁﬁ‘ﬁ ?’ﬂ{?ﬁ%l Wé’r 3%%5 br east
cancer, nomomqlgkl n “Motimqﬁmmhe d@téﬁdstlyﬁeﬂ” REACHNa chagistop almedmgﬁlﬂaaus

I eukem a), protein degradati on I sorders mul 1 i

e.g.
neur odegen@P& ke PRANeEPE et 9 mogHAOR; Ffl‘?yd’épfgé?’gainﬁ’ll? ar %t%a%er%r df’%reaje in the

neur Ogenerﬁiafa\éﬁnﬁﬁoggf tﬂ@ﬁﬁ)earaﬁ‘&%r@fs@ﬂ)ﬂeﬁﬁﬁébtdﬂé%aﬁicﬁﬁf piRhstyp€e.- 9. , di abetic
retinopath gi ogenesi s, infectli ous ses) as

ammt ory di seases, se
wel | as phéph'ﬁ’&eut i CE‘P"O&%’M@@ @F@néendreﬁq“’t@ apy pdvapiageays AT beelie ﬂecg@nge
di sorders Mﬁhé‘&xeh&? d&*fﬁé’%tdbjé@t %F%Mé dedrEaséd %p%rﬂé’érq}@&suram@ A RE&RL
0

invention also provides new synthetic nmethods for preparing c ounds of
t he i nvent¢fghe dlﬁ@@elgiaymble@hmaalmesgmumhltsgbetﬁéale@ﬁ’p@faw ofdhegtisedste of the

formul ae bgliow with the stereochem stry as shown: R 0000 RR2 R3R2

[00171] “Protein degradation inhibitor” is a compound or other therapeutic that is
capable of reducing protein degradation in a cell or subject. Protein degradation inhibitors
may, for example inhibit HDAC6. Examples include histone acetylase inhibitors (14, 15),
tubacin, bortezomib, velcade, SAHA, R115777 FTI, 166 olminun-DOTMP, arsenic trioxide,

17-AAG, or compounds described herein. Protein degradation inhibitors may directly or
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[001931In certain enbodinents, R3 is a substituted or unsubstituted aryl
noiety. In certain enbodinents, R3 is a substituted or unsubstituted

het eroaromatic noiety. In certain enbodinments, R3 is a nonocyclic noiety.
In other enbodinents, R3 is a bicyclic noiety. In yet other enbodinents, R3
is atricyclic noiety. In yet other enbodinments, R3 is a polycyclic noiety.
I n certai nigireas inkbk HDARD dnﬁyxﬁatﬁ:l&bﬁ{iﬂyt atideditiint wmm@sd b Botupdiby ange- or

si x-menbered aronati ¢.or heteroaro gENJPIC noi et% é@tﬁéertal odi nents, R3
i s a subst Ptirer seien BREY:it thersdy nhibitAggisaRymEd P‘ioﬁe gF?ggté‘?noar omat i c
noi ety. | npefsih 8éRaRABPRLIBREG $Snay BiRo ihilit SIS, tr&:%l%imﬁrfadtbﬁ WSt ut ed

si x-nmenbered aromati ¢ npiety. In certain embod a substituted

or unsubst FRAPEROHE BIOiEinFe Hﬂ’é‘ﬂ’é degrdatipnyinhibiians Wyﬁ‘ﬁf”@ﬁtﬁly lll}Hblé@F {Goiepinal
embodi Ment seeefRidhSofi§UPHLAGY Ry iNGIRSIda1ib A0 RN ApRIRM IGr&BRGRCYC | ©

or heterocyclic noiety ]I'n Certain enbodi ments, the invention
provi des c8msdn ﬁ@%ﬁd@flm bﬂ@ﬁs msw also be ag%SO@@ inhibijge rkxamples ofeggraRomer e

defmed as gROYR:s ifkthd t@kcinnlRgRle, RELHEBABmboRRE dBscribOPldish Vot d

degradation inhibitors may also inhibit, either directly or indirectly, the proteasome.
Examples of proteasome inhibitors include bortezomib, MG132, sapojargon, or NPI-0052,

[00172} Additional protein degradation inhibitors include peptides derived from
HDACSG sufficient to modulate a phenotype of a cell. For example, peptides derived from the
C-terminal peptide of HDAC6. Histone deacetylase inhibitors (HDI) include compounds
such as hydroxamates, non-selectively targeting nearly all human HDAC enzymes (14,15).
[00173] Determination of a therapeutically effective anti-proliferative amount or a
prophylactically effective anti-proliferative amount of the compound of the invention, can be
readily made by the physician or veterinarian (the “attending clinician™), as one skilled in the
art, by the use of known techniques and by observing results obtained under analogous
circumstances. The dosages may be varied depending upon the requirements of the subject in
the judgment of the attending clinician; the severity of the condition being treated and the
particular compound being employed. In determining the therapeutically effective anti-
proliferative amount or dose, and the prophylactically effective anti-proliferative amount or
dose, a number of factors are considered by the attending clinician, including, but not limited
to: the specific disease state; pharmacodynamic characteristics of the particular agent and its
mode and route of administration; the desired time course of treatment; the species of
mammal; its size, age, and general health; the specific disease involved; the degree of or
involvement or the severity of the disease; the response of the individual patient; the
particular compound administered; the mode of administration; the bioavailability
characteristics of the preparation administered; the dose regimen selected; the kind of
concurrent treatment (i.e., the interaction of the compound of the invention with other co-
administered therapeutics); and other relevant circumstances.

[00174] Treatment can be initiated with smaller dosages, which are less than the
optimum dose of the compound. Thereafter, the dosage may be increased by small
increments until the optimum effect under the circumstances is reached. For convenience,

the total daily dosage may be divided and administered in portions during the day if desired.
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each occurrence of R3' is independently hydrogen; hal ogen; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched
het eroal i phatic; substituted or unsubstituted, branched or unbranched acyl;
substituted or unsubstitued, branched or unbranched aryl; substituted or
UCRIS ub g tC:\lt u Ketﬂeralpé'uﬁ%@%@fe&fve lé%{lﬁt%g' & gro%?%?t o8y %\f]‘f_{ &?%tl-pr&{f“ rgt&%fn)to

wher ei n ea@ﬁa m;mun@ﬂfdbe We@@nuoﬁ them;)@cnde mpeyteétomnw fiore abowd 0 rmoifléepdrh ng

, an [ n,acyl noiety; an
gﬁgrpnniet ?ﬂgﬁgé?gfggﬁfﬁ&ﬁdﬁm?&Baﬁ%@%&ﬁ aﬁglgggﬁh%ﬂﬁﬁ?¥hlo aryl thio;
am no, al ki00a78Ino, cﬁfmpqahmemmhétodrecﬁﬁeww@r thﬁpte%ﬂﬂtlem ostreptrhdnt of DI ety.

00195] I di nd th en ri.n
L nsu bsl i tn u? I%Ef %{IJ&)@E@% &1?‘?@%&11 Sd 2 a1 f) g Chlgkeg &l?ﬂq %éayca@r‘ﬁ% e are
one of t helnﬁmatmdnaef the digord&3n Kmans.  Thust alnhechlmnlmthrmfmtestmgtﬂ‘mdlsorders in
L0 ot nt s

substitution e err
Prg'[ 2 subst u% | (‘)’Vr%1 l p cfvf elaﬁed W °‘gfh§ @‘“%&W%%Eﬁ‘%ﬁﬁ%ﬁ%ﬂ F%"n?fs t he
ortho-s ubsﬁdrﬁmistrﬁrbnpﬁtﬁee:bﬂlpbﬁhdab hﬁlﬁéﬁsedn gdriral,@lid dvsipeef@editg@Mt s, R3 is not

of the invention include
E:g(r)ré(g)z]nljrs] dlfntler enbod q@%ﬁw@al edto be smnPartot gtmammals

[00176] The identification of those patients who are in need of prophylactic treatment
for proliferative disease states is well within the ability and knowledge of one skilled in the
art. Certain of the methods for identification of patients which are at risk of developing
proliferative disease states which can be treated by the subject method are appreciated in the
medical arts, such as family history, the presence of risk factors associated with the
development of that disease state in the subject patient. A clinician skilled in the art can
readily identify such candidate patients, by the use of, for example, clinical tests, physical
examination and medical/family history.

[00177] A method of assessing the efficacy of an anti-proliferative treatment in a
subject includes determining a pre-treatment phenotype by methods well known in the art and
then administering a therapeutically effective amount of a protein degradation inhibitor.
After an appropriate period of time after the administration of the compound, e.g., 2 hours, 4
hours, 8 hours, 12 hours, or 72 hours, the phenotype is determined again. The modulation of
the phenotype indicates efficacy of an treatment. The phenotype may be determined
periodically throughout treatment. For example, the phenotype may be checked every few
hours, days or weeks to assess the further efficacy of the treatment. Phenotypes and methods
of determining phenotypes are discussed infra. The methods described may be used to screen
or select patients that may benefit from treatment with protein degradation inhibitors.

[00178] As used herein, “obtaining a biological sample from a subject,” includes
obtaining a sample for use in the methods described herein. Biological samples are described
herein.

{001791. " 1In another aspect, a compound or other therapeutic of the invention is

packaged in a therapeutically effective amount with a pharmaceutically acceptable carrier or

diluent. The composition may be formulated for treating a subject suffering from or



' RBR 3 [00198]In other enmbodinents, nis 3. In still other enbodinents, n
is 4, and in other enbodiments, nis 5 [00199]In certain enbodiments, R3'

i s hal ogen, hydroxyl, protected hydroxyl, al koxy, am no, alkylam no,

di al kyl am no, -NO®2, Cl-C6 alkyl, Cl-C6 alkenyl, Cl-C6 alkynyl, or acyl. In
certain enbodi ments, R3'" is -NO2. In certain enbodinments, R3'" is -CH2OH. In

certain esbegiibens SproR&l ddgsadatiAdisorder, mdq)mldagarmminmmns tR&eatiaSubject! N
ot her errbod nts, R3'" is -CN. In yet

ot her enbot e"ﬂ%fIOmﬁés“SF?ﬂbggmaP{%m%B (G aH?‘h sor ffbodi metns, R3' is acyl. In

certain errtwdsments,Inﬁaanmﬁera@}%whmetu@d@tﬁ@iungmqubmﬁﬁ“&lnglﬁ%m &s -F. In
ot her enbodi nen I n_other enbodinents, R3'" Is - Br. In other

enbodi nent %usceﬂ%gle tya Pllotellqs‘#gfﬁdﬁféqn oA PorBPRNE adminiteripaipmypnbiedtimpeed

n-propyl, ih&@ofd MBMpeutiBalbiiétivelatiolntVtbidtein Qégrécfaﬁoxpﬂﬁ%htor kthE8bY R the
enbodi ments, R3' is vinyl. In certain enbodi nents

hal ogen- s u%@ieF"t Wffé‘a“‘%ﬁf%? pr guseegtible tq 2 protedst dngeadation dlSqN?ch Hpmaldnntéimm efent s,
' certain
R3' is methamwyect s%fﬁ@r){&g(ﬂfom Bf QQQe‘bele toaig P?éli:/elljr% g&;&%&@g&l} Sg{l%r?f&?%%lﬂg?&

conmpounds of this class, R2 subs I'phatic
group. |n BYdepa, @mmmém@atwmh@nar isadministareed or =substituted

g oup sube Tl ed i F ol o BhbRing pRIR eltRilitn i R URUEIAARE 1) e
subst i t ut ex®mpripe @C@W‘amglceélﬁbmbmﬂa wath aRRotein dagﬂaéatmn mdhbltwhaﬂe:cogtaomg
cortain e RatEhSt Aty Bt MiPaatSbotoling IR COPE Ry lebtipda ety
het er oar yl m@iia)impthltme bells $.reslubn$ artewistug. The contacting may also be by directly
contacting the inhibitor to the cells. Alternately, the contacting may be by passage of the

—

inhibitor through a subject, for example, after administration, depending on the route of
administration, the inhibitor may travel through the digestive tract or the blood stream or may
be applied or administered directly to cells in need of the inhibition.

[00182] In another aspect, methods of inhibiting a protein degradation disorder in a
subject comprise administering an effective amount of an inhibitor to a subject. The
administration may be by any route of administering known in the pharmaceutical arts. The
subject may have a protein degradation disorder, may be at risk of developing a protein
degradation disorder, or may need prophylactic treatment.

[00183] In one aspect, the method of treating a subject with or susceptible to a protein
degradation disorder comprises contacting the cell with a protein degradation inhibitor. The
contactihg may be by addition of the inhibitor to a fluid surrounding the cells, for eXample, to
the growth media in which the cells are living or existing. The contacting may also be by
directly contacting the inhibitor to the cells. Alternately, the contacting may be by passage of
the inhibitor through a subject, for example, after administration, depending on the route of
administration, the inhibitor may travel through the digestive tract or the blood stream or may
be applied or administered directly to cells in need of the treatment.

[00184] In one aspect, methods of assessing the efficacy of an anti-proliferative
treatment in a subject comprise determining one or more pre-treatment phenotypes,
administering a therapeutically effective amount of a protein degradation inhibitor to the
subject, and determining the one or more phenotypes after an initial period of treatment with

an inhibitor, wherein the modulation of the phenotype indicates efficacy of an treatment.
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[00201]In certain enbodinents, R2 is of the fornmula: sssX R2' wherein mis
an i nteger between 0 and 8, inclusive; preferably, between 1 and 6,

inclusive; Xis 0, S, CH2, NH or NR2'; and R2' is aliphatic,
heteroal i phatic, acyl, substituted or =substituted aryl, or substituted or
unsubsti t ut ed heteroaryl In certain enbodinents, mis 1, 2 or 3. In

8 Efficaqy of 2 tlestmestrth lﬁ:rﬂdmbmﬂdlfdilﬁkﬁn léﬁakﬁn@crea&ien ot her
O ey SRR S b o 1 other enpodi ment s,

nbo s NH.
e ot Recrbisk apBardlle Gl B HIPO (TR e Jthiiag] hhay plto D messured 1
enbodi ment dermefa reslurztloa mﬁs;tmﬁtmhs&ksdmﬁtarﬁa{ pﬁbteﬁpde@%a)datldrméﬁ%fb? Lal sgarmﬁqhg;p nts,
R2' t certain
ebots mont S b b £ EespEbR b Sbrom s elied i proei e riondimodsk mont s,
R2' is a SyeMB6} ut ecPHehotagss hr)dludéﬂh&bg‘ical loPcHifidal Qégtﬂglﬁe ﬁf@@@h&%ﬂ%ggnﬁﬁa& I's a

substltute 2y

t
oRo1. In” SERBPGAUNPNER Eor pamplergponts frgmtocyionisia Routieunizstohnt . RO

i sR2', Wheﬂfeioﬁs bbae fanh 1&undﬂéﬁé%ﬂcﬁ§reﬁ@¥hsﬁﬂﬁ%@ﬁ h égme%{)%%nﬁlgﬁo?&gp nyCl I

her enbodi nents NsSS"S
group. In Xl %ure? It)lasma cells, percentage of malignant cells, acetylatlon state of tubulin, apoptosis of

mature plasma cells, level of aggresomes in mature plasma cells, HDAC6 ubiquitination in
mature plasma cells, HDACS association with dynein in mature plasma cells, cellular levels
of ubiquintinated proteins in mature plasma cells, level of caspase-8 in mature plasma cells,
level of PARP in mature plasma cells, thymidine uptake in mature plasma cells, dilated ER
cisternae, aggregation of mature plasma cells, deposits of immunoglobulins in mature plasma
cells, acetylation state of non-histone proteins, global ubiquitination state of the cellular
proteins, state of cell cycle regulation, necrosis, markers of apoptosis, apoptosis state, Russell
body formation, Cystic Fibrosis transmembrane protein receptor state, and modulation of
cellular protein deposits, or global acetylation state of cellular and extracellular proteins.
Phenotypes may be observed or measured, for example, visually, by diagnosis, or by an assay
as described herein.

[00187] In certain embodiments, a reduction in certain phenotypes descried herein
indicates efficacy. However, depending on the mechanism of action of the inhibitor, the
phenotype may become more severe for a period of time followed by a decrease. This would
also indicate efficacy of treatment.

[00188] In one embodiment, the phenotype may be determined one or more times prior
to freatment to establish a base-line phenotype. The phenotype may also be determined one
or more times during and/or after treatment. The phenotype may alternatively be determined

one or more times between treatments.

Compounds of the Invention

[00189] In another aspect, the invention provides compounds, e.g., compounds useful
in the methods, pharmaceutical compositions, kits, and packaged compositions of the
invention. The compounds useful in the invention are inhibitors histone deacetylases and/or
tubulin deacetylases. Useful compounds are described in U.S. patent applications, U.S.S.N.
60/773,510, filed February 14, 2006; U.S.S.N. 60/773,172, filed February 14, 2006; U.S.S.N.
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R2 isS R21. In yet other enbodinments, R2 isR21. In certain SS3\/S X
enbodi ments, R2 is, wherein Xis Nand Yis NH, S, or 0. In certain
enbodi ments, R2 is selected fromone of the following: [00202]In certain
enbodi nents, Rl is a substituted phenyl ring. In certain particular
enbodi nrents, Rl is of the fornmula: ..1111.1

60/289,850, filed May 9, 2001; U.S.S.N. 10/144,316, filed May 9, 2002; and U.S.S.N.

10/621,276, filed July 17, 2003; each of which is incorporated herein by reference.

[00190] Compounds useful in the present invention include compounds of the formula:
_ R,

Rs Ra
wherein

R, is cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic;
substitutéd or unsubstituted, branched or unbranched acyl; substituted or unsubstituted,
branched or unbranched aryl; substituted or unsubstituted, branched or unbranched
heteroaryl; -OR,; ~C(=0)R4; -COzR4; -SRa; -SOR4; -SO2R; -N(Ra)2; -NHC(O)R4; or -
C(Ra)3; wherein each occurrence of Ry is independently a hydrogen, a protecting group, an
aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl
moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

R; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORg; -C(=0)Rp; -CO,Rp; -CN; -SCN; -SRp; -SORg; -SO,R5; -NO,;
-N(Rg)2; -NHC(O)Rg; or -C(Rp)3; wherein each occurrence of Rp is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety; and

Rj3 is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORc; -C(=O)Rc; -CO2Rc; -CN; -SCN; -SR¢; -SORg; -SO;R¢; -NOs;
-N(Rc)z; -NHC(O)Rc; or -C(Rc)s; wherein each occurrence of R is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;

an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
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wherein Re is kAIV, wherein Yis NHor O; Lis a linker noiety; and A
conprises a functional group that inhibits histone or tubulin deacetyl ase.
[00203]In certain enbodinents, Rl is of the forrmula: Rll avv. , [00204]In
ot her enbodinents, Rl is of the formula: Rl' |In certain enbodinents, Yis
NH. In other enbodinents, Yis 0. In certain enbodinents, L is a

substi t ut ecﬂwchkylmamlhsﬂerdaufﬂcmy orditekdacylthfo meivig} i, ph&&@ﬂ&hﬁﬁ!l)ﬁdccéﬁ%ém%ﬁ?ed

al i phatic ut ed ,or unsubstitute i c, or, acyclic,

br anched O;XB aﬁ %’5?1 rﬁ? t r?lp%h‘fqnﬁmﬁﬁaerf‘?}al cgelétﬁésjj%‘il‘ftﬁf‘%lcﬁrw (eg.
unsubst i t uthgdroryaylic asdsgthyols, amsmbﬁfabiﬁbjbﬁlﬂo@mldéaﬁu@s%t &b VUK RALIRhORMY, cg

noiety. In cert. @p@%dqjﬁgnt S, ?st Ituted or unsubstitute cyclic
or acyclic® %ki‘?l ‘F%ﬁiﬂc‘fﬁé‘l’l’ |’;9H8 feacsipiptsepzymes. dbeeriaim

enbodi nent smbbmmsmgkz@ﬁsxﬁhthﬂﬂed BedRubsRfutkitkRR aVpKatic mm%lé gﬂ' Kyl idene, nore
preferably ylidene. I n certain enbodi nents, C1- C20

al kenyl i deh%terog!F@Fﬁ“r’QB‘leﬁy sepstityied-yish & heterpgry Bngnwhicheay bploéﬂl@aﬂbl y C4-C7

al keny! | deBsiitibay. oh oatidin IRRHAGRIRS is dsubinftha 2o ALt RA ekl inf € €1 201 ¥
Cl to C12 al kyn Ilydene nore pref erzlsggp;m Cr al kf/nﬁ{% er?eO R CBrtain

embodi ment &/stem e§’é35b5§‘%%dtqft“m"é’&‘%tﬁd Mhstituted, cyclic or acyclic,
branched ofgoeguyr anCM}’Q@ﬁlﬁ&QﬂL H&@ﬁﬁéd‘ﬁb&%‘ Hald beeh?re%%uglg'dﬂcﬁg&gw nts,

conprises a cyclic rlng(ésgﬁ) wherein the ri eroaryl
non- ar omat PEEIE aPRlisalass, pO/2EHB54r BledMay 9h%Q0érUSSNIIDﬂ44 B16, flﬂedl Mayp®,her

e, T SN RO A 700 B G R T
enbodi ment Eference.oFhe tresent inventivpinelugésonedific somgmugds.agd Sumh@ﬁes of\ompolade, Or
four phenyldih RS diass. These subclasses and specific compounds within the class have been found

to be particularly useful in the treatment of multiple myeloma by inhibiting HDAC6 known

to play a role in the degradation of proteins by the aggresome. Methods of treating cancer

(e.g., multiple myeloma, breast cancer, non-Hodgkin’s lymphoma, ovarian cancer, acute

myelogenous leukemia), protein degradation disorders (e.g., multiple myeloma,

neurodegenerative disorders), protein deposition disorders (e.g., neurogenerative disorders),

and proliferative disorders (e.g., diabetic retinopathy, inflammatory diseases, angiogenesis,

infectious diseases) as well as pharmaceutical compositions and kits for treatment of these

disorders using the inventive compounds are also provided. The present invention also

provides new synthetic methods for preparing compounds of the invention.

[00192] In certain embodiments, the compound is of one of the formulae below with

the stereochemistry as shown:

R1 R1

o/ko
RaMRz Rs /'\/'\
R4
/k /\
Ra/\/\Rz Rs/\/\Rz.

[00193] In certain embodiments, Rj; is a substituted or unsubstituted aryl moiety. In

'IIIZJ

allo
"o
aHIO
o

certain embodiments, R3 is a substituted or unsubstituted heteroaromatic moiety. In certain
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)" (Rl [00205]In certain enbodiments, L is, wherein n is an integer between
1 and 4, inclusive; preferably, between 1 and 3, inclusive; nore
preferably, 1 or 2; and Rl is is hydrogen; hal ogen; cyclic or acyclic,
substituted or tnsubstituted, branched or unbranched aliphatic; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched

het er oal i pgﬂm&me&y RS td 4 MbSyQle Iﬁm&y bat dtﬁéf%ﬁ@odlﬁeﬁa qt}qsia Bicydlie Maagigngd acyl

substitute unsubstit ued, branched or unbranched aryl; substituted or
unsubsti t uV@@thebmabmiﬁe@ﬁs; Rs infiriayesin moishe t layekother embegyments Rags meelyeyelip RA;

-ON - SON é%ﬁe i quﬁ B Yrdmsubstitieiive Mkl B dbore "
t ibsfi P
-C(RA) 3; V\ﬁer n eac ocl(S:urr%—‘-?ir%J gsof bsﬁlws mdef)%rs]dent gea hydrogene a

prot ect i ngaxgmatnpcpr l&tﬁt@mqmmm(uetymhme;iamamhedl@rﬁ@falRsphml}behtm@ﬁ ety, an acyl
moi ety anmﬁs:ugstltur{g* %E%iem%ergg 51% %ﬁ{: Xll l?e%%a%ﬁ{atﬁgltxcg%.ar %Mlh%ﬁ%)})dlﬁkﬁ%l ﬁ hi o;

aryl thio; am no am no, OXY;
het er oar y| ishi sobstihited of unsubstitetet] ammnmlhamdli amm&ti; mdiety.s In ceft@i0 20bpdimentes Raai n

enbodi nent s | 002 certain br anched,
unsubst i t uisé’cfubsé‘g‘i}%q r %ﬁ%{gé RET Iﬂemtfeﬁe ::H[e)%r?3 oarc tﬁ%m é t#reln,[ac@rtklﬁ I n ot her
-enmbodi ment smbddiménts, R s AMubstituted or mxeuﬁsatutedmbmaronmub oatboaynlicsor hlatero;yclic

moiety.
-[00194] In certain embodiments, the invention provides compounds of the formula:
R4
o//L\o
N N Ro
(Rs )n_|' :
F

wherein R; and R, are defined as above;

n is an integer between 1 and 5, inclusive; and

each occurrence of Rz’ is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or unsubstitued, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched heteroaryl; -ORc; -C(=O)R¢; -CO2R¢; -
CN; -SCN; -SRc; -SORc; -SO2Rc; -NO3; -N(Re)z; -NHC(O)R; or -C(R¢)3; wherein each
occurrence of Re is independently a hydrogen, a protecting group, an aliphatic moiety, a
heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy;
alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio moiety.
[00195] In certain embodiments, n is 0, and the phenyl ring is unsubstituted.

[00196] In other embodiments, n is 1, and the compounds are one of the formulae:
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In other enmbodinents, Lis (22- L In yet other enbodinents, L is 64-

[ 002081l n certain enbodinents, L is a substituted, acyclic aliphatic chain.
In certain MeMe enbodinments, L is [ 002091l n certain enmbodinents, L is an
unbranched, unsubstituted, acyclic in 0'\ heteroaliphatic chain. In certain
particul ar enbodi nents, L is 555 , wherein n

R4 R4 R4

0 o o)\o R’ o)\o
R s
/O)\)\ . \Ej/‘\/kRz ©/VKR2
Ra' , , OF .

In certain embodiments, the para-substitution pattern is preferred. In other embodiments, the

meta-substitution pattern is preferred. And in yet other embodiments, the ortho-substitution

. HO\/O/
pattern is preferred. In certain embodiments, R3 is not S

[00197] In other embodiments, n is 2. Compounds of the invention include
compounds of one of the formulae:
L X
Ry O 0 Ry O 0
Ra'
Ra Ra
A X
Ry O 0 0 o)
[:f:]:jL\w//L\Rz R2
Rsl R3l
R R
P |
o} (o} Ry O 0
Rj'
R, Ry
R3l R3I
[00198] In other embodiments, n is 3. In still other embodiments, n is 4, and in other

embodiments, n is 5.
[00199] In certain embodiments, Rz’ is halogen, hydroxyl, protected hydroxyl, alkoxy,
amino, alkylamino, dialkylamino, -NO,, C;-Cs alkyl, C;-Cg alkenyl, C;-C¢ alkynyl, or acyl.

In certain embodiments, R3’ is -NO,. In certain embodiments, R3” is <CH,OH. In certain



I's an integer between 0 and 10, inclusive; preferably, between 0 and 5,

I nclusive; and mis an integer between 0 and 10, inclusive; preferably,
between 0 and 5, inclusive. In certain particular enbodinments, L isSm
wherein n is an integer between 0 and 10, inclusive; preferably, between 0
and 5, inclusive; and mis an integer between 0 and 10, inclusive;

pr ef er abl y,emlgs&lmﬁ&@ 1’ RN, 1l OetainSintBdinleRtsCrey I IH Patiek emb@crune:ﬁt;qqr fent s,
Lis . wherein nis an integer bet ween 0 and 1Q, lﬂﬁ”ﬁ
n nd 10,

pref er abl y; —O@btlne@nr gnbpdiments, Reds vy & yehpther empodipedtieRs’ it

I ncl usi ve; . v dr oaon.
Cl- 06 al | pﬁg{ ?Crﬁl;cﬁlg%xéef?soa %‘ﬁé;ﬁ‘ ﬂc@ﬂﬁnémbéd?ﬁbﬂﬁﬂé 1s a@éiﬁ |ﬂloﬂhér ydr og

, het ,
“Mit-e?.. eMbo,@mr:aS,rRsbmhﬁ dupther @@kb@émeﬁ@rﬁ?s (ESr‘(L)Ca :’ irstg g’é?eﬁtsnRﬁ dsan
i nt eger betgﬂegpotger@a@o&ge Lgs hVEy otperrg&s&g%ﬂts, Igek"iﬁét‘ﬁyl Qi1 d- opyl

I ncl usi ve; s an 1n bet ween . i'nclusi've; preferably,
bet ween 0 aweprapyl, mcimitylsdextémtyll,mr @serliuayll nlnenetiaidiemdadimenta, Bsd Fﬁp@%ée&l %ﬁﬁ’@t al

cheLat" 12 BUSEAREALR B R IATIAD D SRR betug e L1
group consiesbbdigent, Rs’ i’slh‘l?ethd&dh(@l‘d&ﬁrpropoxy, butoxy, or pentoxy.
[00200] In certain compounds of this class, R; is a substituted or unsubstituted
aliphatic group. In other embodiments, R, is a substituted or unsubstituted heteroaliphatic
group. In certain embodiments, R; is a heteroaliphatic group substituted with an aryl or
heteroaryl group, which may optionally be substituted. In certain embodiments, R, is a
heteroaliphatic group substituted with a heteroaryl group, which is optionally substituted. In
certain embodiments, R; is a heteroaliphatic group substituted with a heteroaryl group, which
is substituted.
[00201] In certain embodiments, R; is of the formula:

SSS\(\);X\RZ

wherein m is an integer between 0 and 8, inclusive; preferably, between 1 and 6, inclusive;

Xis O, S, CHz, NH, or NR;,’; and

R,’ is aliphatic, heteroaliphatic, acyl, substituted or unsubstituted aryl, or substituted
or unsubstituted heteroaryl. In certain embodiments, m is 1, 2 or 3. In certain embodiments,
m is 1. In certain embodiments, X is O. In other embodiments, X is S. In certain
embodiments, X is NH. In other embodiments, X is CH. In certain embodiments, R,’ is C;-
Cs alkyl. In certain embodiments, Ry’ is a substituted heteroaryl moiety. In other
embodiments, Ry’ is an unsubstituted heteroaryl moiety. In certain particular embodiments,
Ry’ is a substituted oxazolyl moiety. In other embodiments, Ry’ is a substituted thiazolyl

moiety. In yet other embodiments, R’ is a substituted imidazolyl moiety. In certain

H
0 ; N
. . ~po . . N
embodiments, R is ~ R2". In other embodiments, Ry is ~ R2". In yet other
R's
. . \/ N ~ ) . .« e
embodiments, R is R2', wherein the two Ry’ moieties may together form a

N
heterocyclic group. In yet other embodiments, R; is Se N In yet other embodiments,



- NHCONHOH - NFI COCH2SAc - NHCOCH2OH - NHCOCH2SH 0 O H I n certai n enbodi nent s,
A conprises hydroxamc acid () or a salt thereof. In other enbodi nents, A
conprises the formula: O In certain particular enbodi nents, A conprises

t he formul a:

55&\/3\ Se\/\Rz'. In certain

Ry is R2', In yet other embodiments, R; is

O

embodiments, R; is Q , wherein X is Nand Y is NH, S, or O.

In certain embodiments, R, is selected from one of the following:

f‘vsTo/ O

o O
ySJ\/S\/\OH JJJ\/STS i )

frs ~ 5 N 5“5 O

Y~
S S
J‘SJ ~ l XN J‘SJ ~o l x
F =N
[00202] In certain embodiments, R; is a substituted phenyl ring. In certain particular
embodiments, R; is of the formula:
R¢'
$
P
[VaVaVs
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O In other enbodinments, A conprises a carboxylic acid (-CO2H). In other
enbodi nents, A conprises an o-amnoanilide (NH2 ). In other enbodi nents,
A conprises an o-hydroxyanilide (OH ). In yet other enbodi nents, A
conprises a thiol (-

19
Ja
Y e

wherein Ry’ is U\lfv , wherein Y is NH or O; L is a linker moiety; and A comprises a
functional group that inhibits histone or tubulin deacetylase.

[00203] In certain embodiments, R; is of the formula:
R¢'

N,V

[00204] In other embodiments, R; is of the formula:
Ry’

[VaVaVs
In certain embodiments, Y is NH. In other embodiments, Y is O. In certain embodiments, L
is a substituted or unsubstituted, cyclic or acyclic, branched or unbranched aliphatic moiety; a
substituted or unsubstituted, cyclic or acyclic, branched or unbranched heteroaliphatic
moiety; a substituted or unsubstituted aryl moiety; a substituted or unsubstituted heteroaryl
moiety. In certain embodiments, L is a substituted or unsubstituted, cyclic or acyclic,
branched or unbranched aliphatic moiety. In certain embodiments, L is C;-Cyp alkylidene,
preferably C; to C;; alkylidene, more preferably C4-Cy alkylidene. In certain embodiments, L
is Cy-Cy alkenylidene, preferably C; to C;; alkenylidene, more preferably C4-C;
alkenylidene. In certain embodiments, L is C;-Cy alkynylidene, preferably C; to Cy,
alkynylidene, more preferably C4-C5 alkynylidene. In certain embodiments, Lis a a
substituted or unsubstituted, cyclic or acyclic, branched or unbranched heteroaliphatic
moiety. In certain embodiments, L comprises a cyclic ring system, wherein the rings may be
aryl, heteroaryl, non-aromatic carbocyclic, or non-aromatic heterocyclic. In still other
embodiments, L comprises a substituted or unsubstituted heteroaryl moiety. In certain
particular embodiments, L comprises a phenyl ring. In certain embodiments, L comprises

multiple phenyl rings (e.g., one, two, three, or four phenyl rings).
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between 0 and 15, inclusive; preferably, between 0 and 10, i nclusive;
preferably, between 1 and 8, inclusive; even nore preferably, 4, 5, 6,
In certain enmbodi nents, preferably, between 0 and 10, incl usive;

or

8.

nore preferably, between 1 and 8, inclusive; even nore preferably, 4,

7,

or

8.

[00205] In certain embodiments, L is wherem n is an integer
between 1 and 4, inclusive; preferably, between 1 and 3, inclusive; more preferably, 1 or 2;
and R, is is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; ~-ORa; -C(=0)Ra; -CO3R4; -CN; -SCN; -SR4; -SOR4; -SO2R 4; -NO»;
-N(Ra)z2; ; -NHR4; -NHC(O)R4; or ~-C(Ra)3; wherein each occurrence of Ry is independently
a hydrogen, a protecting group, an aliphatié moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heterdaryl mbie‘ty; alkoxy; érylbxy; alkylthio; arylthio; amino, alkylamino,

dialkylamino, heteroaryloxy; or heteroarylthio moiety. In certain embodiments, L is

[00206] T cortain embodiments, Liso N7

[60207] In certain embodiments, L is an unbranched, unsubstituted, acyclic alkyl

"z’z,/\/\/‘)?‘

chain. In certain embodiments, L is . In other embodiments, L is

NN
"LL“ 55J . In certain other embodiments, L is
NN
YN % 3

. In other embodiments, L is

/\/\/\/\/bLL
In yet other embodiments, L is 51 .

[00208] In certain embodiments, L is a substituted, acyclic aliphatic chain. In certain

Me Me
ﬁifL\v¢7L\”¢f\}ﬁ.

[00209] In certain embodiments, L is an unbranched, unsubstituted, acyclic

ot

embodiments, L is

heteroaliphatic chain. In certain particular embodiments, L is , wherein n

55

nor e
7,

5, 6,

In certain enbodinents, Iti' is O_OH CH I n ot her partlcular

enbodi ments, 111' is [00210]Certain c npyﬁ=ﬁ3/ gful in the present
i nvention include conpounds of the g



formul a: Rl and pharmaceutically acceptabl e derivatives thereof;
wherein Rl is hydrogen, or an aliphatic, alicyclic, heteroaliphatic,

het erocyclic, aromatic or heteroaromatic noiety; nis 1-5; R2 is
hydrogen, a protecting group, or an aliphatic, alicyclic, heteroaliphatic,
het erocyclic, aromatic or heteroaromatic noiety; Xis -0-, -C(R2A) 2-,

-S, or - J{S%Fm ger MARERI0MNEZA) ihusROpR By, BetWé@i(Eﬁidlmglcgi’sﬂb';and@flsaﬂ
al i phat iC icyclic, heteroaliphati c het er ocycl.i.c, aro

het er oar oniateger betsteen ) and 10, mcb’fswm‘?fé‘i ve kebvesn O & BEBEYS- 88%3‘“& R2 and
R2A, taken together, forman a or heterocyclic noiety, or an aryl
or het eroaryl noi ety )e\g pphatic, alicyclic, heteroaliphatic,
het er ocycl paticubi eiBédigieras, IJ"ie ro Lwhem‘hati;/an'mta@erbetweei{Oiaad M}'drogen or
an a|lphatIC alic cI|c hetejr)gwl%phtlc eroc cli

het er oar ordeiHVGBrEdRTaPLY-beEe BN Hiate ?%e %gtw(?%‘rg%ﬁinl >accor di ng
to the i nvgpLiiad pfefdlatlf beORELS BRY £ GndRisiveO lMddrtain particular embodiments, L is

sty s

and 5, inclusive; m is an integer between 0 and 10, inclusive; preferably, between 0 and 5,

, wherein n is an integer between 0 and 10, inclusive; preferably, between 0

inclusive; and R’ is hydrogen, C;-Cs aliphatic, heteroaliphatic, aryl, heteroaryl, or acyl. In
%/Q;N/e\sg

10, inclusive; preferably, between 0 and 5, inclusive; and m is an integer between 0 and 10,

certain particular embodiments, L is , wherein n is an integer between 0 and
inclusive; preferably, between 0 and 5, inclusive.” In certain embodiments, A comprises a
metal chelating functional group. For example, A comprises a Zn** chelating group. In

certain embodiments, A comprises a functional group selected group consisting of:

g——COZH L"'L/”\ﬁ/OH %»,L/”\u@
é—SH o) OH
$—COCONHMe LZL/U\Q |

E—SAC —NHCOCH,Br
g——NHCONHOH

H o
\( E—NHCOCHQSAC

N g-—NHCONHNHg
%" SoH
E—NHCOCHZOH
é———NHCOCHZSH

0
/”\N _OH
In certain embodiments, A comprises hydroxamic acid ( H ) or a salt thereof. In

other embodiments, A comprises the formula:



Ri wherein each X is independently 0, S. CH2, or NR3; Yis O, S, CH2, or
NR4; An and Ar2 are each independently an aryl group; Rl is a |l ower alkyl
group or an aryl group; R2 is hydrogen, a |ower alkyl group or an aryl
group; and R3 and R4 are each independently hydrogen, a |ower alkyl
group, an aryl group, an al kyl carbonyl, an al koxycarbonyl group, or an
am nocar bonyl group. In certain erred enbodi nents, X is for each
occurrence 0, S, or CH2, nnre% bly 0 or,S. and still nore preferably
0. In certain preferred enbod S. “Q\certaln preferred
enbodi nents, Ari is phenyl or sub pifenylCH particul arly
4- hydr onet hyl phenyl . In certain preferred efbodi nents, Ar2 is heteroaryl,
nore preferably optionally substituted oxazolyl, still nore preferably
phenyl - subatceitaih pattioNazalbpdimeatsgd Aromiprigs éfedfomiallar 4, 5- di phenyl - oxazol - 2-yl .
In certain preferred enbodi nents, le is phenyl or substituted phenyl, nore
1 i ap 3 or 4-am dosubstituted phenyl; in nore
pstituted at the 4-position

preferred enbodi nents, RL is a p
wi th an am do group bearing an a . i}
has between four and ei ght carbon &t ons TONE préHerably 6 carbon atons) in
the al kyl ene chain, and the al kylene chain preferably bears a term nal
hydroxam ate group (-NHOH). In certain preferred ehbodi ments, R2 is

hydr ogen. 1hQ@R1 dhtdaapltgra copResnesbdxytit stk (-CORTD Un Sthenémbdiéménty, il ae: O

LG

comprises an o-aminoanilide ( NHz ). In other embodiments, A comprises an

we

o-hydroxyanilide ( OH ). In yet other embodiments, A comprises a thiol (-

H
N

Oy o
SH). In certain embodiments, R;’ is 0 0 , Wherein n is an integer
between 0 and 15, inclusive; preferably, between 0 and 10, inclusive; more preferably,
between 1 and 8, inclusive; even more preferably, 4, 5, 6, 7, or 8. In certain embodiments,
H H

N N
%g/ N'G ~OH
Ry is 0 0 , wherein n is an integer between 0 and 15, inclusive;
preferably, between 0 and 10, inclusive; more preferably, between 1 and 8, inclusive; even

more preferably, 4, 5, 6, 7, or 8. In certain embodiments, Ry’ is

0]
¥
? ~oH
A 0 . In other particular embodiments, R’ is
(0]
N
HN ~oH
\.f\'/\f o) .



[00213]In certain enbodi nents, the conpounds is of the fornmula: [002
certain enbodi nents, the conpound is tubacin: [ 00215] I n preferred
enbodi ments, a conpound useful in the invention has one or nore of the
foll owi ng properties: the conpound is a protein degradation inhibitor
conpound i s capable of inhibiting at |east one histone deacetyl ase; t

_COHPB_U?d | Soc23mab! e @é‘rtairmah?bﬁﬂda AsdiARe prdientGoRRRI Tdclbde @niRLREIM R
I nni DI TOr; n

HDACS;

t he £

t he ‘conpound bi nds to the pol y-ubiquitin binding domain of
und i s capabl e of inducing apoptosis in cancer cells

14] I'n

: the
he
HDACG6

(especially multiple nyeloma cells, nena-Hodgkin's |ynphoma (NML) cells,
breast cancer cells, acute nyelogeoug)\eukenia (AML) cells ); and/or the

usef ul

conmpound i s capable of inhibiting aggre@one formati on. [00216] Conpounds
ve

and packaged conpositions of the

in

at | east sone of the net Xrpgpceutical conpositions,
[ c

n be identified, e.g.,

t
according to any of the screening net fods descri bed herein. [00217] I n
certain prehEsiaatacenmally sRsptable derbatipguigecf the invention conprises a

wherein R! is hydrogen, or an aliphatic, alicyclic, heteroaliphatic, heterocyclic,

" aromatic or heteroaromatic moiety;

nis 1-5;

R%is hydrogen, a protecting group, or an aliphatic, alicyclic, heteroaliphatic,
heterocyclié, aromatic or heteroaromatic moiety;

X is —0-, -C(R*),-, -S-, or -NR?A-, wherein R** is hydrogen, a protecting group, or
an aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic or heteroaromatic moiety;

or wherein two or more occurrences of R? and R*, taken together, form an alicyclic
or heterocyclic moiety, or an aryl or heteroaryl moiety;

R}isan aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic or heteroaromatic
moiety; and

Y is hydrogen or an aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic or
heteroaromatic moiety.
[00211] In certain embodiments, a compound according to the invention can be

represented by formula:

R1
x/l\x
Y
A!'1 \Afz
R2

wherein
each X is independently O, S, CH,, or NR3;
Y is O, S, CHa, or NRY;
Ar; and Ar; are each independently an aryl group;

R! is a lower alkyl group or an aryl group;
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metal binding noiety, preferably a zinc-binding noiety such as a

hydr oxamat e. As noted above, certain hydroxanates are potent inhibitors of
HDAC6 activity; wi thout wishing to be bound by theory, it is believed that
t he potency of these hydroxamates is due, at least in part, to the ability
of the conpounds to bind zinc. In preferred enbodi ments, a conpound of the
i n?/entl on i n](c:I URER hgarf)g@@@lolmﬂakﬂcgmupqma@aryrggu@ran&\ﬂl ch can confer ]
selectivity for I gl ogi cal tar i cat t.he ag nme pat hway,
e.g., a biol OgIB t@@&eﬁ“‘iﬁ%ﬁ?@ i ESEN’U‘Bﬂg?e% 155 egr?uPD%bj ]89’ ‘ﬁg
activity, %lkglcarbb@?@ﬁ alkbR¥Aarbonfl g2, & 4h aﬂﬁﬁfc&rbbﬁﬂ gBIBO i ée@inSprefarrédMPOUNd

i ncludes a zing¢-binding noiety spaced from other portiaons of the nolecule
which are eBbplimsnty Xeisforcagh ?ﬁﬂP‘ﬁ@“’?Q 8118 Ghagnergipeciprably OueetS, apebitillantfp| e, a

conpound of, gl ovmenq& ﬁ@fxrrw&ﬁm@tsl YRKST AdeRhif praférilentBamicnd, moi ety
capabl e of “presenting the zinc-bind II’&EPEIITDI ety in a favored orient at|on when

anot her po/Afi is Rheny} orsabstifuetsphenyl, nagtic vééwri@m%h%]ﬁwd {rocestaiy;natfergedc al
target SUC%@&&H%M ) %é%ﬂafwyl Qﬁ&@gm@e?a-ﬂgsdco%nag&%mtw mta%olpre Liieyer t hatC

steric 'bul cap r'egi o can contribute to TDA
speci fici tyreffmhlhdwgw ﬁslhsﬁ’ﬁutbd.lbmzﬂluy adenO%eref@@MY ﬂédilﬁhﬁnféqua@&géé I n

dd
it i nhi oPriERRE) dehchals, RY A BERAK: oy B CHER bRt ot he
!s g\r/rg ng :c o} tnh Zr[nﬁibsmugqét;md phartybomd- ankiomr)stggtbd;glémyh unpmumbfmedfmiborlmneatsekelast
|
conposi ti oﬁgﬂ%’fy p%rﬁ‘ép ?ug’%}atﬁ‘ig?%tﬁtg? %’p R i (T oélggdré %Réemn%@%?enggn&%ﬂ d

di scl osed lmWMcISthe Rhkylend cHairthas baﬁﬂeanfobbandu@h@&ébcﬁfhlﬁﬁﬁmorme&lmbl)m her eby

i ncor por at ed ref.erenc its e r ated. c ounds_ar.e. descri bed
i n Sternsofff ?mﬂlmﬁ’ 6&&'1"9%? am’%‘iﬁ %ﬁhﬁf’? D%?ferf’gg'g’ %T-rl%rb%rty SJ et
al ., Chen?hfretama?Q0Sup\NEYHOPH).S)n c@&&n%ﬁe,ferl‘éﬂg:@ﬂabﬂl‘yneﬁ& leztlalhydrogﬁ’noc Nat | Acad

Sc! USA. Apr 89-9 ub 20Q3 03;, and Haggarty SJ
etal ., Coné’% m Hi éﬁ%eqimag'M{lndgd? °°‘?B@ﬁ‘?\l8 eif M8E9-76: the contents

of each of these references is her@by |ncorporated by reference inits
entirety. [00219] Additional conpoufpds useful in at Iqést sone of the
met hods, conpositions, kits, anpg-pa ge I s™f the invention
i nclude NVP-LAQB24 (a cinnam c Hydroxamate having tlhe structure shown
bel ow) : [ 00220] Addi ti onal c:ngsu ds useful in at‘%east some of the
nmet hods, conpositions, kits,
i ncl ude those shown bel gu

moi ety (including O-et

des a hydr oxamate
hydr oxamat es) .

O,N




N- Hydr oxy- 4- met hoxy- N- phenyl - benzam deN- Hydr oxy- 2- net hyl - 4- phenyl -
butyram de /OH HO

14- Hydr oxy- 14- aza-di spi ro[ 5. 1. 5. 2] - pent adec- 9- ene- 7, 15- di one 7-oxi ne
N- Hydr oxy- 2- ( 2- phenyl - t hi ophei a- 3-y1) - acet am de

0
i
HN OH
P ;
0 0
S
\/\OH
O R
3
HN “oH
L 5
0 0 ,
| . SYS
"~
0
§
HN “OH
)\ 0
o) 0
S N
l A
/
0
N
HN “OoH
/k 0
o 0
O
0

OH

}ji
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3, 5-Di net hyl - adamant ari e-| - carboxylic acid hydroxyam de OCH3
3-(3-Allyl-4,5-dirnet hoxy-phenyl)-4,5-di hydro-i soxazol e-5-earboxylie acid
hydr oxyam de N-(4-Brono-2, 3,5, 6-tetranethyl -benzyl oxy) - benzam de N HOH
6- (1, 3- D oxo- 1H, 3H benzo[ del i soqui nol i n-2-y1) - hexanoi ¢ aci d hydroxyam de

o T Wéﬂ
M )’vvvwr

Soaat A
Pormion o,

0]
=N

0

oo
= : Sl\
=N

[00213] In certain embodiments, the compounds is of the formula:



, OH NH

4- (1, 3- Di oxo- 1H, 3H benzo[ de] i soqui nol i n-2-y1)- N hydroxy-butyram de

[ 00221] The conpounds of this invention include the conpounds thenselves, as
wel | as any salt (preferably pharnaceutically acceptable salt), solvate,
clathrate, hydrate, polynorph, or prodrugs, if applicable. As used herein,

is a salt fornmed from for
of ay one of the fornul ae

the term "pharnaceutically acceptgble salt,"
exanple, an acid and a basic grou
di scl osed herein. IllustrativeHgalts3 ncMide, re M linmited, to
sulfate, citrate, acetate, oxal ate, chloride, bronxde, iodide, nitrate,
bi sul fate, phosphate, acid p p e, isonicotinate, lactate, salicylate,
acid citrate, tartrate, ol eat nnate, pantothenate, bitartrate,
ascor bate, succinate, RQE syl _at-€; i sinate, fumarate, gluconate,
gl ucaronat e, saccharat benzoatfp, gljutamate, nethanesul f onate,
et hanesul f onat e, benze fonate, p-tol ugneswl fonate, and panpate (i.e.,
df oxy- 3- napht hoat € salts. The term :
"pharmaceutically acceptable salt” also refers to ,a salt prepared froma
conpound of00ai} one Ingertaineenibodimenitethg cempywe ds B4 n havi ng an acidic
functional group, such as a carboxylic gcid functional group, and a

pharmaceutically acceptabl e i norgani c off organi c base. Suigtabl e bases
i nclude, but are not limted to, hydro es al i kgmsuch as
sodi um potassium and |ithium hydrokides of al kaline @arth netal such as

cal ci um and magnesi um hydroxi des of Rther nmetals, suchoas al um num and

zinc; ammonia, and organic am nes, as unsubstituted or
hydr oxy- substi tuted nono-, di-, or kyl am nes; dicycl ohexyl am ne;
\gthyl am ne; di et hyl am ne;

tributyl am ne; pyridine; N nethyl,

triethylam ne; nono-, ‘bis-, or tris-(R-hydroxy-Ilower alkyl am nes), such as
nono-, bis-, or tris-(2-hydroxyethyDamye, 2-hydroxy-tert-butylanine, or
i ns( hydr oxymet hyDret hyl am ne, N, Ndi-Rfower al kyl-N- (hydroxy | ower

al kyl)-am nes, such as N, N-di pg{ h xhydiQxyet hyDap=a€, or

tri-(2-hydroxyethyl)am ne; @ aci ds such as
|

arginine, lysine, and the i he term "phar ra i OF ,/acceptable salt"
also refers to a salt prepdredfrom a conpound of \any one of the formul ae
di scl osed herein having a basic functional group, ju as an am no
functional group, and a pharnmaceutically accept abr gani ¢ or organic
acid. Suitable acids include hydrogen sulfate, cit acid, acetic acid,
oxalic acid, hydrochloric acid (HCD, hydrogen brom de (HBr), hydrogen

i odi de (Hi Joo208]t r i C Iagtaderrddyiibodiarents] sednfrioted ussfid dptho fiventipsibgs onegst i ¢ aci d,
salicylic acid, tartarjc acid, bjtartratic aci I.Gnidfid, qusucci ni ¢
aci d, ~ mal efEreRft ,{"b%wgipf?p&g’ieﬁ, GRmpURd g %f,ogb %gga%%dngg}?g#&’gﬁhgcar oni c
aci d, fornigmasindis dapaIObGniEbitidg agbast ad Histan déacempasazthe sarhioond & capdblk,

et hanesul foni c_aci

of inhibitingcli—iD.A?Sg ;Ztl?engosnlljplol;r? 1js% sglgictgf’e Pﬁ?/gcé’ i_rﬁueolit%% Q}?esc%lnfpg{ﬂ'-ldcbiﬁd'\sitg'
the poly-ubiquitin binding domain of HDACS; the compound is capable of inducing
apoptosis in cancer cells (especially multiple myeloma cells, non-Hodgkin’s lymphoma
(NML) cells, breast cancer cells, acute myelogeous leukemia (AML) cells ); and/or the
compound is capable of inhibiting aggresome formation.

[00216] Compounds useful in at least some of the methods, pharmaceutical
compositions, kits and packaged compositions of the invention can be identified, e.g.,
according to any of the screening methods described herein.

[00217] In certain preferred embodiments, a compound of the invention comprises a

metal binding moiety, preferably a zinc-binding moiety such as a hydroxamate. As noted
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[ 00222] As used herein, the term "pol ynorph" neans solid crystalline forns
of a conpound of the present invention or conplex thereof. Different

pol ynor phs of the sane conpound can exhibit different physical, chem cal
and/ or spectroscopic properties. Different physical properties include, but
are not limted to stability (e.g., to heat or light), conpressibility and
density (i nReetcaniin hpdrbommidsaid mmnﬂhﬂnmdxﬁt@ﬁr%nﬂim; owithogf)wiskamgito be

di ssolutiop rate whi ¢ |oa 'Iai itv). Diffe i
stability E%{W%}"éi‘t?%fy fig) léheé%f’é eé‘ﬁ% Iﬁ?"% X%%*‘"“S%I‘ gﬁgggps part,
di fferenti g hoxikgof 48 coﬁp‘@ﬁhdﬁ tbaimcazld@qageefémmmmmcmmd éfthell y when

conpri sed of one. pol h t han when corrpr ed her noy ph), or
mechani cal maﬁmwa&%ﬁ%ﬁﬁ least qg Rgrtion(ox pRginviy Qggf %@oggwgl
kineticall térgeam@mie&ecml tumgg?ésoﬁ@ p¥ VA elgQ atbﬁtﬂégimxam@ﬁhmé ybulir e stabl e

pol ynor ph) or Othﬁb (8 tabl ets, of on § Yy are rmre%ausceptlble to
br eakdown 8gaceiylgse (R0 |°f§1}3 AGpetiv By &rih PHH@ b d’ﬁ’é?"??@ge pol yror phs
can aff ect o BefitherRd, A¢6RBoOUN- mdf&{es %ﬁ%hﬁl Qﬁtﬁet?@#a)é@@ﬁ&h ofHefPdrifi ofeee
Ilkelyto?ormso I'vates or m ght be nore fflcut to filter or wash free

of i mpur i t melsculnsrhich st henongible ferdinding todseiplpgical tHeets Rigaapplest ze
distributi &hP mok sH1enpf hydr at e
nmeans a co?r(gno& Bﬁcpgf;ﬁlé ﬁ%&gﬂrogseﬁt m?l%&\}gﬁtgl& gﬁﬁglﬁg’é}gpﬁfa Iglglro ee(lf)fcabmhl ch further
i ncl udes apsseniingiho mintbindingrmeicty-is & &iveted orientatian m@n@th@fpoméw bound by
non- coval en I

"cl at hr at e? émbﬂl}}gftggtng%g@g%sdﬁ %P&ﬁ]%blgfp%gélﬁ?ﬂgéﬁsﬁa?%ﬂnﬁgg ghtg g‘ﬂft% et ger eof in
the form obmmd(by yiebo), itlishdieve thatateric buikhinribe eappine seglan of a compeundebs) t hat
have a guest Iec | v t o 00225] I'n
addi tion, L ueeftolt‘l#?gé‘ ¢ s lg aﬁg u ﬁlﬁ%hq{u}\%\%%fﬁgt bk %@E@H&f’m‘gug?é e?mlr e doubl e
bonds, or mialmdn[wi*IMWbaﬁghnmﬂrhychaoemntes belieBuithatetogieriersits inhéntianccur  as
racemat es em ur es. e enant i,0 vi dual di ast ereoners,
di aster eorféqn%@’uf?ﬁi‘fﬁbgg acB‘ﬁ‘H’ IBFOIPP gg@e Everg(rghz- doubl e i soneric
forms. All[ogprs) i sornebdrmuf@ﬁmméntst, hesmpamdpeafuids atlesst mnmca%lml methods| uded in
the present i nventli) The, coggo ds of h| ) |nventt1§ é‘é‘ 01?

r epr esent eRPARAHHGE] SOWOS GRS il Raﬁlfaﬁﬁ cqmposiiiens LR MHANEN 53> hvent i on
(expr essl y leﬁdnHM(?ldhﬂn@H&ﬁﬂMuh@ diselosed nﬁ)UEf ﬂ?eteﬁtﬂmbl tiua:mdﬁ_Ndescrl beld _helr ein

e.g., ation o arlngsytemma su in a tio mul tiple
sites, the S?Rpé 7o ioexprsdie %P’h?ﬂomﬂ’ nreéempﬁe lrnég iaﬁh' rpk cts). Al

such i sonegdnfpoliftsie @scritédhin Sﬁﬁﬁ@ﬁ'ﬂﬁﬁet@[ CORXRIESI Dec aajs(uts—dzwmz, he present
i nvention. Al crystal forns of the conpounds descrlg d hereln

express| y Heaeeun8heriah, Chanr §iad088 May@i383 0 d)saentspergf- PC@FrB’G

[ 0100) As des5¢rs hedoagy &s; 166@) - PISOSRANEMII 0B pP 0308 Via sty ST e, @amaounds
The synthesis of nany of 't he conpounds described herern has been descri bed

in previ ouhay Highd@raygtputSareemt2086h plovd eDic6Prd 6> t@SSNtWOfS’QChB‘!f@CS?l led May 9,
2001, USSNgée%}n%é%}f‘is Vﬁﬂ@b %béﬁ&a%ﬁ% ?efe%g%ltg'eﬂlr SN 10/ 621, 276, filed July

17, 2003; I's'incorporated herein by reference. As woul d be
appr eci at e[@OZ)I,?] one d@¥ddgionhl compounsis sisefiltin at lnest semd ¢fube metheds, emepositigns,

synt heti c 1?% ﬁg)vengéﬂangp%qnfoﬂs %é}ﬁé&vpﬁfoﬂ%chﬁa@mvﬂm% (B¥nalic Used in

prepari ng lve
hydroxamate having the structure shown below):
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[ 0101] A nmet hodol ogy for preparing the inventive conpounds is shown in
Figure 55. This synthesis provides for a greater diversity of substituents
at certain positions of the 1,3- dioxane core structure. In certain

enbodi ments, the synthesis provides for a greater variety of substituents

at RS. met hod for the synthesis of the core structure is provided, one
nmet hod conpri sing steps of: providi an epoxy al cohol Having the
structure: reacting the epo al cohol with g reent 0rllavi ng the
structure RBXH under sui tabl e conditi QL8 direj~havi ng the core

structure: OH OH R3) x ioI with B reagent having

the structure RI CH(O &\
havi ng the core structu

[00220] Additional compounds useful in at least some of the methods, compositions,
kits, and packaged compositions of the invention include those shown below. Each of the

compounds includes a hydroxamate moiety (including O-ethers of hydroxamates and cyclic

hydroxamates).
HgCO 0

OH

N HN

on
(o]
N-Hydroxy-4-methoxy-N-phenyl-benzamide N-Hydroxy-2-methyl-4-phenyl-
butyramide
OH
/

HO

14-Hydroxy-14-aza-dispiro[5.1.5.2]-pentadec-9-ene-7,15-dione 7-oxime
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0 0 17, 13; wherein RL is a substituted or unsubstituted aromatic or
het eroaronmatic noiety (e.g., an aryl ring substituted with a netal

chel ating noi ety); RB i s hydrogen, a protecting group, or an
aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic or
het er oaromati ¢ noi ety; Xis -0-, -C(R)2-, -S-, or -NR -, wherein R

i s hydrogen, a protectithg group, or an aliphatic, alicyclic,
het eroal i phatic, heterggcyclic, aromatic or heteroaronmatic noiety; and R3 is

an aliphatierglicycltT, ~heteroaliphatic, heterocyclic, aromatic or
het er oar o i i . [0001] I'n certain enbodinents, R3 is aliphatic. In
9 ieiheteroaliphatic. In certain enbodinents, R3 is

certain ent ;
het er ocycli c>1n ¢é n enbodi ments, R3 is carbocyclic. In certain .

enbodi ments, R3 is\argmatic. In other enbodinments, R3 is heteroaromatic. As
woul d be appreciated by one of skill in the art, various substituents at R3
can be intfg@ﬁﬁ 4_pi. gm§¥ hesh 4sing a different adehyde as the
starting mterlgﬁr%?“?ﬁéﬁsyn eglleﬁ%ér?léﬁlelginpl es of this is seen in Figure 3
wher e benzal dehyde is used as the starting material. Various substituted
benzal dehyde coul d al so be used in the illustrated synthesis as well| as

al i phati c al dehydeso._non-cyclic al dehydes, or non-aronmatic al dehydes.
[0103] I n certai \ﬁhmary enbodi ments, the epoxy al cohol has the
structure: _t as the structure:

HeCO X

OCH;

3-(3-Allyl-4,5-dimethoxy-phenyl)-4,5-dihydro-isoxazole-5-carboxylic acid hydroxyamide

: O
HN—~0O -

Br

N-(4-Bromo-2,3,5,6-tetramethyl-benzyloxy)-benzamide



wherein X is S or O0; and the core scaffold has the structure: 0 0O [0104]In
certain other exenplary enbodiments, the epoxy al cohol has the structure:
OH 0 the diol has the structure: OH OH

(o) OH
O J_/}/
_ NH

6-(1,3-Dioxo-1H,3H-benzo[de] isoquinolin-2-y})-hexanoic acid hydroxyamide

_/_O>* /OH

4-(1,3-Dioxo-1H,3H-benzo [de]isoquinolin-z-yl)-N—hydroxy—butyramide

[00221] The compounds of this invention include the compounds themselves, as well
as any salt (preferably pharmaceutically acceptable salt), solvate, clathrate, hydrate,
polymorph, or prodrugs, if applicable. As used herein, the term “pharmaceutically acceptable
salt,” is a salt formed from, for example, an acid and a basic group of a compound of any one
of the formulae disclosed herein. Ilustrative salts .include, but are not limited, to sulfate,
citrate, acetate, oxalate, chloride, bromide, iodide, nitrate, bisulfate, phosphate, acid
phosphate, isonicotinate, lactate, salicylate, acid citrate, tartrate, oleate, tannate, pantothenate,
bitartrate, ascorbate, succinate, maleate, besylate, gentisinate, fumarate, gluconate,
glucaronate, saccharate, formate, benzoate, glutamate, methanesulfonate, ethanesulfonate,
benzenesulfonate, p-toluenesulfonate, and pamoate (i.e., 1,1'-methylene-bis-(2-hydroxy-3-
naphthoate)) salts. The term “pharmaceutically acceptable salt” also refers to a salt prepared
from a compound of any one of the formulae disclosed herein having an acidic functional
group, such as a carboxylic acid functional group, and aipharmaceutically acceptable
inorganic or organic base. Suitable bases include, but are not limited to, hydroxides of alkali
‘metals such as sodium, potassium, and lithium; hydroxides of alkaline earth metal such as

calcium and magnesium; hydroxides of other metals, such as aluminum and zinc; ammonia,
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wherein Xis Sor 0; and the core scaffold has the structure: OLO Uses of

Compounds of the Invention [00226] As described herein bel ow,
surprisingly been found that the conpounds of the invention
treat and prevent protein degradation disorders, especially

It has now
and anal ogs can
nyl eoma. Thus,

in one embodinent, the invention also provides methods for treating a
subj ect f ogndeorfgnit iiflessagh ackatsiltstitttidso hudroxy-inpstitetad moseefiRg to the subj ect

an effective _apoynt of compaund .d . b | and

i bi ¢ pr B g et PG R e G s s e IAEATRANY T

g lrJ gg 2&5 0 g:sdig?yiamieguifwg&?ﬂel Blohp-ebis- onteiy-(bhydraerlbives Bklylamiteay iswd 26r  bei ng
ible to a proteln degr N di d ' h . i

or by el { BPaRrbE POE (O B HOSTBp Adp Aoy SBD ST RS VBT on also

_ _ v nvention al so
provi des neLhRdm&hylidRmide, N, gldi-Idwh bl LNy dsonyld wersllofl)-amipes) suwhrns

degradati on”di sorder_ conpri sing adm ni St er.i a 1 herapeutical effecti
amount of N.NoAedirNd@dwdeeays )amﬂ\’l’ﬁ’ BY ?Bé'}{y%ﬁﬁeéﬁﬂmu%; #}Iéle@@*" S nclcultl\ée
one or mrgugigfiﬁe;%ﬁ&%ni%%u@suwm AEinine] lyding; 4hd ME &Re.CEidternThe cel s may be

renoved or~i

ated froma subject. Useful cells froma subject.include o
or nore of “phatsenseutiealiy WI%W%W&V algerefers '(OBI\?B@PI,"P%FS‘% QFPWFQO{H‘&‘E any one ne

of the formulae disclosed herein having a basic functional group, such as an amino functional

group, and a pharmaceutically acceptable inorganic or organic acid. Suitable acids include

hydrogen sulfate, citric acid, acetic acid, oxalic acid, hydrochloric acid (HCI), hydrogen
bromide (HBI), hydrogen iodide (HI), nitric acid, hydrogen bisulfide, phosphoric acid, lactic

acid, salicylic acid, tartaric acid, bitartratic acid, ascorbic acid, succinic acid, maleic acid,

besylic acid, fumaric acid, gluconic acid, glucaronic acid, formic acid, benzoic acid, glutamic

acid, methanesulfonic acid, ethanesulfonic acid, benzenesulfonic acid, and p-toluenesulfonic

acid.

[00222] As used herein, the term “polymorph” means solid crystalline forms of a

compound of the present invention or complex thereof. Different polymorphs of the same

compound can exhibit different physical, chemical and/or spectroscopic properties. Different

physical properties include, but are not limited to stability (e.g., to heat or light),

compressibility and density (important in formulation and product manufacturing), and
dissolution rates (which can affect bioavailability). Differences in stability can result from

changes in chemical reactivity (e.g., differential oxidation, such that a dosage form discolors

more rapidly when comprised of one polymorph than when comprised of another polymorph)

or mechanical characteristics (e.g., tablets crumble on storage as a kinetically favored

polymorph converts to thermodynamically more stable polymorph) or both (e.g., tablets of
one polymorph are more susceptible to breakdown at high humidity). Different physical

properties of polymorphs can affect their processing. For example, one polymorph might be

more likely to form solvates or might be more difficult to filter or wash free of impurities

than another due to, for example, the shape or size distribution of particles of it.

[00223] As used herein, the term “hydrate” means a compound of the present invention

or a salt thereof, which further includes a stoichiometric or non-stoichiometric amount of

water bound by non-covalent intermolecular forces.
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bl ood nononucl ear cell (PBMC), |ynphocytes, hair follicles, blood cells,
other epithelial cells, bone marrow plasma cells, primary cancer cells,
patient derived tunor cells, normal or cancerous henatopoietic stemcells,
neural stemcells, solid tunor cells, astrocytes, and the like. Cultured
cells include one or nore of MM 1S, U266, RPM 8226, DOX40, MM 1R,

LR5, pri mafop2z4]d estishisedsheedn,dlantern “dahdatel’ meers, a qomiprardyofalmdpresshabl i shed

normal cell lines. The treated_cells na . a re.popul ation gof cells or
may be m xEYCRHORRT ﬁfaﬁtetperﬁog‘lal? &Ff?}&?tsafcygaé%‘g‘}?ﬁlﬂg#&%ég? BRES E-&et agr,’e‘fsr)eeder
cells, or hereveagienmeletdls(e gl hsokehtiodatraephal wigthinbe pure popul ations or
they may be m xed wi_th other cells. w t h ot her d;\tlj%tured

Th b 1 xed
cells or wW¥lel | s I pdsittion. soms e "OWEX‘@EF’%(@?%BQQ@@? bavg OPePHRPEIA9UBE ni xed

Wi th f eedepords)dr sndér 0 BsyiBidhey\ceafkd. Such &0ZAhdstan beee i iabdmaadssRcqhigVi des
met hods for treat] n]g a subject suffering fromor susceptjble to nultiple
&

nyel oma. cofpHTes: AgekamntPRre, pdiyidue diastomers dirterReREI TR RS and cis- or

ther apeut i galsl & £fck eCdubR immyRtorafs. ANRLAE BbherftaoimAdF hald cdifuBi 88 . tO

t hereby treat the subject suffering fromor susceptible to nultiple

nyel oma.  MeHPrasHy dnchided rthe prasenblavetiagids campgunds ef thisimyeptien meyalsefe ect i on

of an M pr%&kéﬁt&d’lghﬁﬁip?e%ﬁ&%%c #5h ) 6n 5B SasBRLEGhE Aleftfon R Rssly iABud Q%0

pl asma cel on a bone marrow exam nation, the detection of Iytic bone

| esi ons oralbewemati¢ foous ofsheenmenoyadssleparibsg herein4¢-g xalkdgtion fadingsysi¢re mayesence

of soft ti t:ﬁ%ﬁﬁ@ 4 i Wy dnhibitor is

conbi ned wé?‘ﬁﬁggg(?gdtﬁgl?s&one ﬁﬁllltegi t’? %Entvlgllhtﬁfl %gﬂ?%gg? ﬂ%?ﬁs ?g? uérlriu[?lléigitlgﬁe nmyel oma.

| n cert ai npredustsli A8 suob isantesic BRAE of sivhisbmpeunds arg exprasstyuneludsid in e presemnt i on.

In certain I gRN i nhi ki i , 1 / DE) .

[ 00230] Theaf gk A8 S pLHE, BYR% SRR BiBld Rt BB SAPIUBAEIRAETE) g

from or suseeptinidntion.o solid tunors conprising admnistering to a subject

in need thereof a therapeutically effective anobunt of a protein degradation

inhibitor, to thereby treat the subject suffering fromor susceptible to a

sol i d tunoSynthaal bfCdmpoands that are particularly susceptible to treatnent

with protej egradatiqn.iphibjtors include breast cancer, l.u cancer,

ol on' cancfodl RS Hseites abeer ik preSons SRe{oh ROGRD oaT RS Fisac

i nhi bi tor dyftheQanbi mag r?ﬁ&ﬂghoﬁp&ﬁr@% eﬁ@ﬂmﬂ Herdit h&ﬁtb@én deBcrited i pxeﬁbﬁmylﬁlea; tﬂese

cancers. |In_certain_enbodi_gen > H inhibitor js ound of the

i nventi on.ﬁﬁnp%@rtf‘@?hﬁa@%égﬁ%aq/%%%%eereElggMaé(;&sg‘?ﬁé;ﬁﬁﬁ#ﬂioﬁéggi?g f’g?ﬂ' &%omi b

( VELCADE) .9, 062 2dd ThSNi1062NR 76 fildariawi 10es003eéderdswhieh isissepsrht@hdrtig bef f i cacy

of a protein degradation disorder treatnment in a subject, caonprising

det er ni ni TECERES ofs Woile b PRAFeoRt N 9h BB 15 fhissrt. tha yemipus reactions 2ad

t her apeut i Gahbive hdeGdedBibaIRUR e Phte aPFIRRAIR S Weadad inQrepafihy ALt Or to the

subj ect, and determ ning the one or nore phenotypes after an 1nitial period

of treat nERCHye ¢pmIoEndst ot ei n degradati on inhibitor, wherein the nodul ation
dear ; ; .

of the ongefif;)or e RREAKIIRES f&ﬂ]ﬁéﬁ?ﬁ%gle%Jehmn@BmﬁiS% &E%%?%?%e@ﬁ@“ on

inhibitor treatnment. The subject may | re-di agnosed with a protein

degr adat i dhisysetieproviges ﬁOh@gm&emﬁuermyoflfosub&twtwbmmmsmawﬁhﬁ hdr t he
subj ect wi ¢ i r i i Hy Lbitial

per od of o Pl ALOH Rl G0 LABMERL 1R em ECRRVIAR Fh flet

adni ni st r af sdstioknts AeRspr ot ei N degradation inhibitor, e.g., 2 hours, 4
hours, 8 hours, 12 hours, or 72 hours, weeks, or nonths, onegqr nore of the
proportions, levels, and/or cellular |ocalization my be detédrm ned again.
The nodul ation of one ore nore of the phenotypes may indic ficacy of
protein degradation inhibitor. One or nore of the phenotypgs nay be

determ ned periodically throughout treatment. For exanple nor e of
t he phenotfgye$ nay hevilt begleeimadthy fHeswntpounds,of dayfsrmula REeeks “fo aBsass the
further efficac f the treatnment, The .nmet had,descrjbed may.be used to
screen or UIBAP e eTdes of ReEORalP Bt PEVERD PP PSP EREPINE S BF ot of n
degradati on i nhidvidisy an epoxy alcohol having the structure:
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[ 00233] Provi ded herein are nethods of nonitoring the progress of a subject
being treated with an aggresone inhibitor. The nethods conprise determ ning
one or nore pretreatnment phenotypes; adm nistering a therapeutically
effective anount of an aggresone inhibitor to the subject; and determ ning
one or nore phenotypes after an initial _period of treatnment with the
aggresone inhibitor, wherein the nodul a Hon ®f one or nore of the

phenot ypes indicates efficacy of aggmg Nhhi bition treatnent.

[ 00234] Met hods are al so provided for selectirig a subject with a protein
degr adati on di stseeting thexpoxy elaohmd mithwirtdgent lpving diestrdagreRiXH Qe ffbBiet Or .
The sel ect i,Qt: [ . .se det.ermi ni.ng, one or nore pre-treatnent
phenotypes?@é@%?@?@?ﬁ%&g@&t R [%Igu(iofecsi'l“? %ffective anount of a protein
degradation inhibitor to the subject ;9% n@Hdet erm ning the one or nore
phenotypes after an initial period t with the protein
degradation inhibitor wherein the nBdul ati on oFf the one or nore phenot ype
i s an indicati offe¢tiRgtthe diel withsareagent haying the btyucture ReCH(OMd)awaienhtitable| i ni cal
response t godds 1 i ion inhibitor. [00235] Usef ul
in the net hodst%%gggééré?]%fggta%ggfg?%%a@ﬁé&rhg?%%%g%té‘grg'adati on inhibitors are one
or nore of histone acetylase inhibitorg§t(Mtsiades et al.. Transcriptional
signature of hi.stone deacetylase ingishtion in nultiple nyel oma:

bi ol ogi cal and clinical inplicati ons%%at! Acad Sci U S A 2004,

101: 540-545; Rosato RR, Grant S. HRst ore ackt;yl ase inhibitors in clinical

devel opnent . EXRELL; i.n_lnvesti.g Drugs,, 2Q04;13:21-38; each of which is

i ncor por at ed her e énm%; % %F‘ré‘?} %ﬁi‘ieél) o ‘Pﬁ.@é&ﬁ“ﬁ% PG B etToatAmIatig roiety fem,
R115777 FTan arglobigoibstinuted WX MRietad Chetating nididtg)si de, 17- AAG MGL32,

sapoj argon, NPI 0%%2 o Ot h?r ,co%ounds det?ér'i bed herein. [00236] The
protein degr adatd SRYSRES T Pofesting HR oF A% aliRhatic aHexplic.dsteralivhatie, activity of
cel | ul ar phediredyolic, afe@natic or BfiZpaRMmAtic fefety@xanpl e, suitable protein
degradation i n?’kbi tor y inhibit the activity of HDACG, for exanple,
HDACS enzymati ¢ et -V-Wz-ﬁ@ FriiRon HheRIOR ipbydeecang pieteciies grown. ef &y may in
turn i nhi bilphaisgales o hemdamiiade, et fidlGoAAL RAoth kR Se! Qi1 N
degradati on |n3%3b| tors. may also inhibit, for exanple, the Ctermnal

acetyl ation actt J§ 32lphatigralisyclic, heteropliphatini hsteronglica grgmetiopmhetreatira i
protei n degsiagati on. Ot her suitable protein degradation inhibitors may

i nhi bit tﬁs (fﬁti vity of the aggresone. [00237]1n certain enbodinents, the
i nhi bi ti orf"&H] HoABSeRYn emBodimownRavealinhetiods carain emhyitisett,duss | eads to the
Boti ve agay ot e b e ol ok Ry R e tie IR R pohRig: Bade °°
protei n stPReeydlip. {nrerteialembodiniestsi B; isardmatial & dtherienpodinents, Ryiscancer s such
as breast a r . e _ca S,.the acetyl ation of HSP90
Toad o iR S AR opleal 8] Spf AL ot 5 BESiofueits i ms

gl ucocor t i@ beiintredussd bnte the synthess HISEBE AfdiffetitabicHyde enpageariah ueeear ki coi ds.
HSP90 i nhigi &hepsha ound to di.m.nish,.the glucocorticoid

r esponsi venes;ys O?Qg%g)gac rl{sioggifl%jlsrsg%lelf} 65”’-??:63‘?‘5?6%3 ?‘feg?"%es‘.susleﬁé?@ﬁore, t he
adm ni st r &tarting nedterldDAVSridus s bstitunedsbeheddidy iocdulEal fyRaisaC Ritthd Mhimmgof HSP90

| eadi ng t nsi ki vity to estroge n, breast cancer cells and
decr eas edg}ggﬁéélfst%? 3\% ﬂ y’“§ ?1 (ljpshgh%j?lgaéﬂ S Pﬂn”ﬂcg'gtaggF desyfiE @pn-gromatic aldehydes.
[ 00238] Suil@14B] e agginesnair ekl eaibSdinfalsUEe chdgatioRol 156 fHeRE-@dGe: OF the
conpounds OH

: o)

3

the diol has the structure:
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descri bed herein. [00239] Protein degradation inhibitors of the invention
may al so inhibit proteasone activity. Suitable proteasone inhibitors

i ncl ude one or nore of histone acetylase inhibitors (14, 15), tubacin,
bortezom b, vel cade, SAHA, R115777 PT!, 166 Hol mi nun DOTMP, arsenic
trioxide, 17-AAG MG132, sapojargon, NPI-0052, or the conmpound of Formula
|, derivatives of the conpounds of For?rﬁjlg"l . [ 002401Addi tional suitable
protein degradation inhibitors i n?ﬂq:{Bi nhi bitors, for exanple, a
pepti des derived from HDAC6, HSP @ proteins in the aggresone pathway,
bot h up-stream and down-stream For” exanple, the C-termnal portion of
HDAC6, i ncl ushiersin XheS Bu@; domai n. [ 00241] The protein degradation inhibitors
of the invention e ca&g&l of nodul ating one or nore phenotypes of a
cell. The pheno?‘&?lgée“r?é’i/ OIEhH@F%‘iCEE‘F’ or clinical sequalae in response to
a particular treatment or conpound. PheRgtypes include, anem a,

t hr ombocyt openi a, neutropenia, osteol yt,iLc | esi ons, bone pain,

i mrunodefi ci ency, renal insufficiency,:z hﬁ)ercal cem a, aneuploidy of mature
pl asma cells, percentage of mali gfax : ,x%etyl ation state of tubulin,
apoptosis of mature plasma cell s,ggr esones, |evel of aggresones
in mature plasma cells, HDAC6 ubiqtitination, HDAC6 ubiquitination in

mat ure pl alfifdlcel | s In pEaEoother sueripieny smbeditientsytheépexy alenid! hasthpbtagmmecel | s,
cellular levels of ubiquintinated proteigps in mature plasma cells, |evel of
caspase-8 in mature plasma cells, |eyel PRRP in mature plasma cells,
thym di ne uptake in mature plasma di | at ed ER ci sternae, aggregation
of mature plasma cells, deposits of~NeAmunogl obulins in mature plasma cells,
acetylation state.of ngn-histone proteins, global ubiquitination state of
the cel lul ar p%%‘icg&r{?,s%tsg’ﬂ%‘“gf cell cycle regulation, necrosis, markers of
apopt osis, apoptosis state, Russell boQdydHormation, Cystic Fibrosis
transnmenbrane protein receptor stake A andymxlyl ati on of cellular protein
deposits, or global acetylation @ of cell UPar and extracellular
proteins. [00242] A decrease in one?0r nore of anem a, |evel of aggresones,
t hronbocyt opgibiax AU PPeni a, osteolytic |esions, bone pain,

i mmunodeficiency, renal ’insufficiency, hypercal cem a, aneuploidy of mature
pl asma cells, pedthentmgenfiold maithegtanurecel | s, thyni di ne uptake in mature

pl asma cells, level of full length caspase-8 in mature plasma cells, |evel
of full length PARP in mature plasma cgl\lpfs, or aggregation of mature pl asna
cells, indicates that the treatnment €@ e®ficacious. [002431An increase in
acetylation state of tubulin, HDASS B gaitiXgtion in mature plasma cells,

| evel of cleaved form of caspase | evel of cPeaved form of PARP,

necrosi s, acetylation state of noh<hi stone prot-eins, cellular

ubi quitination |levels, apoptosis, markers of apoptosis, cell cycle
deregul ati on, or deposits of immunoglobulins in mature plasma cells

i ndi cat eséhat C; he treatnent is efficacious.
: ses of Compounds of the Invention

[00226] As described herein below, it has now surprisingly been found that the

compounds of the invention and analogs can treat and prevent protein degradation disorders, .
especially myleoma. Thus, in one embodiment, the invention also provides methods for
treating a subject for a protein degradation disorder, by administering to the subject an
effective amount of a compound described herein. The compounds may inhibit protein
degradation via the aggresome or the aggresome and the proteasome pathways.

[00227] Subjects may be identified as having or being susceptible to a protein
degradation disorder by a health care professional or by self-identification by the subject.

70



[ 00244] Phenot ypes may be determ ned by many different methods know in the

art. For exanple, phenotypes of a subject, e.g., anem a, thronbocytopeni a,
neut ropeni a, osteolytic |esions, bone pain, imunodeficiency, renal

i nsufficiency, and hypercal cemi a, may be determ ned by di agnostic nethods

known in the art for diagnosing these conditions. The phenotype aneu;tgl oi dy
of mature poeagsia celTis ineytidyenlsdatrevides methods olcirebrmheall xhibEing Syaptoms @

per cent age _of nmalj gnant ! s ADHR tivd¥m

hi st ol ogi c&lprgt[eﬁlidﬁ ﬁga?‘°?ﬁ§\li&ld§§%?‘rﬁ§,g&w§ﬁ‘£§%%& g‘(ljt%gr aphimé teehni ques,
MR, CT scafa proeimdegtadatiomnlibits to fuadell. HEhelcelseinclpdreqng|oa miogsrofeicgtl &ropra
tubulin, a tosi s of t.ur | as e f [ ture
ol asma cel pareppstiatt: FiekelSms feiehprod &l adgppaiafinent Sk
associ at i offrowi 4 Subjdytriadlndei die oBintreef pbasaarcst $teomat edll, BMEC), evetigher

ubi qui ntingte rotejns | re plasma,cel.l I f SeS 1N
mat ure pl agh’ﬁg PP@{Ci%??BRPWﬂEm@Im&%Sega‘F 6°rn'r§ﬁﬂ%sf gl\égéé%eglg’e@?é{g@?gpﬁof PARP
in mature pLIASHIhe @RkloS: pldstiebil righgaueer dolis,patént B&RRA tanat celisy nomtiaher upt ake

in mature plasma cells pay be deternined by bi en ¢ hods, f

exanpl e, | RAATHIOPT RIFHROKHE siFm %ﬁ%f‘@?ﬂ S‘?Fb‘i%?’r‘?ﬁl?& oéﬁéj} S argggq}ges, and S

i nmunohi st ggheifilddoe1IRERAS HRUr MAIESIMYM. 1¥, U266, RENI3226, D040, MM4R, and

ot her net hods. &}00245] Accor di ng t he met hods of .theP#g%/F?r%tl.l oeg, ggqnalypes of
sanpl es nmayNBeb, &RE crpmans andsgstalished eanger L IipgsePHpay AR AP BPImA ol o ot o

di agnosi s 2 Tk Gt Abdcls Ha§ 88 h AR pBpARIARE celRiok Blaybe @itddiith otiddeltiur i ng
treat nent. %e nmet hods may be enpl oyed gne or nore tlrl'res n saml e . froma
§ e Tl

subj ect duttypeg ferrrxamplerthestloed ¢rlls.ferdereslis.oF b%‘??ym%"_f%?e Is e §ells
[00246] Met 3%22’8 %rgg)ﬁ@fﬂtﬁb‘ﬁ? BE P mIFYe ftkel g&% oBRPRIIs S Ehelah Sy bY Mixedwithe

subj ect's er a second period of treatment with the protein
degr adat i onthentilioradeells oFivathoelofiom pentient The ewltared el aliseptel beymized With

| ength as t.he first i rdnitial period of treatnment of nay be | onger
or shortertf?eﬁgrnce[li%rt?’lgégn?ﬂ%\?cf%ti al period of treatnent, The determ nation
as the sec@#2pri odTtefintentan atemprovidss rheshashy for twatugrrisubjes! WiFdns fearpl e
obtained fromthe subject. [00247 ' -Qf - | Edi Wndeh BRLEEa W t h
protein ded§PXEPIGR W*Wﬁ%‘ln?’ %)l?rga ?r%%llﬁtge gfedghﬁﬁge%én%ghlaﬁ}l tered a ? _

t her apeut i erdpgutithiipefficiiee anmumndf Dprowimalegradativndnhibigirt o dlrragbyireat the spbject

degradation i.nhihitors. The addit,j.onal 4 nhi bj [ es
i nhi bi t or Svéf%{mé %F&B?Fﬁfr’]tﬁ%ﬁ"ﬁ“ﬂ%ﬁ? myplondy ﬁi’tl%g%%%ll"%ﬁi"%? tbgr%gﬁrr%ggrg% for
exanmpl e, b@stek@plethe ddtdrtion of an Migbteinen theatrynas arine hddetastion oftrudra dhan,

bortezom b ( VELCADO) ., SAHA, R115777 FTl . 166 i NURA rseni c

Dl ot o, 160 lesmaghis i bR mGRY <arETorh g e Su LT HYRe 1 8bRE
conmpounds f %Ene?ﬁfzgal bsﬁedporoﬁi@ 04B]eAl Su&js,emg/o@ theqedsbnaeay sdifﬁtissoe plamaty®tes.ed one
or nore of 'a chenot herapeutic_agent,. radi ati.on agent or nonal ., agent ,

bi ol ogi cal Igt#n rbogdineats pu Wﬁ%ﬁ%‘é{mﬁiﬁ%"éﬁﬁ% ¥ ?W@teéi?ﬁjee}@?‘{’%ﬁ{?‘? g‘ebei ng
treated fOkegnRirShukislesyadahl fcethiQubedimetheho DG paibitoris agempsunday

i ncl ude tammfen, trastuzamab, ral oxifene, doxo%.ci n, fluorpouraci 1/5-fu,

pami dr onat ef Biedwnion. 1nsasin epbadimends ir@setegiene SARIOL KPOTHACHY de,
epi rubi ci HESVEEU e, torem fene, fulvestrant, fluoxynester-one,
met

trastuzunab, otfexate, negastrol acetate, docetaxel, pafl,i t axel,
t est ol act o238k r i dTireenveptipiplagpropides meipedsiforirratneg a it BiicingEanre,
zol edroni ¢ .acld; id tu] iBflfcRhe ¥J Nbjedt inRed BB
non- st er oi 525%%12%%&%%(} %ﬁﬂmﬁgr ;‘Slggﬁ‘%‘g‘, iencF ude, but aree not limted to,
aspirin, i thepapehtinlly ffetivé enawt ofapiotsiedeeradatiniapibiierets, therelyr tiabthe Fahcct
Liggf{)g{ ﬁn ’suitfénl‘lll%%o?nnc)r slﬁgctegt%lg {80tk AHART Qb runRkd BR 08 St RLQESble

, to treatment with protein degradation inhibitors include breast cancer, lung cancer, colon

cancer, and prostate cancer. In certain embodiments, an HDAC inhibitor is combined with a

proteasome inhibitor in the treatment of these cancers. In certain embodiments, the HDAC
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prarnopr of en, nuroprofen, trioxaprofen, suprofen, am noprofen, tiaprofenic
acid, fluprofen, bucloxic acid, indonethacin, sulindac, tol netin,
zonepirac, tiopinac, zidonetacin, acenetacin, fentiazac, clidanac, oxpinac,
mef enam ¢ aci d, necl ofenam' c acid, fl ufenam' c acid, niflumc acid,

tol fenam c d di fluri f 1 uf eni cam sudoxi cam | Soxi cany
salicylic 3@1‘018 Ok is 3icg PP é’ £ the inepom, n&m‘? OdWFSeIThe%ﬂt‘?aé?lP‘a’cn@blteh’él i ne

magnesi um bﬁﬂt&a@u{wh;@m,m;@gl salate, diflunisal, salicylsali cyI ic acid,
sul fasal azi ne, and al sal azi n; para-am no hennol derivatives incl udi ng

acet ani nopH¥%3Und pH® dvertion provides methods for assessime dhenfficacy of droteinc| udi ng
i ndoret hac igpradatibd dist3Ger t@ﬂﬁleﬁttlﬂqgﬁlﬁ&t Jof Eﬁ&ﬂgﬂ&é{éﬂnﬁﬁﬁé e c?(fﬂogé re! NCI uding

tol netin, diclofenac, and ketorolac; anthranilic acids (fenamates)
i ncl udi ng frest@en phenohipes) administoring b ezapavticellneffastiveaatint ofapraisin | ncI udi ng

oxi cams ( PhddtaH bl ((gf%iﬁ% e&ﬂaﬂdlaxt%@@%lgg ﬂiefb%g ghoRss ﬁ@&%ﬂ%k halagone,

oxyphent hartazone) ; Hones
phar maceut ingtiel P@Od@ééﬁhamt@/l@ahﬁ HowhsleemﬂatmmdMIW,wmem Hemegihlatibioof a nor e

pnal geat o RaeT o alP pnchBe NBAL IR AEF o orebaclO8lon ity BBy eq i n

t Ee Tr eat nﬁhﬂsubﬁct@nyzbe }]l'ﬂidl@mudﬂh\mﬂ@a ﬁotenmdegtadaﬂ'dmehd%hm rmdg:ljmghcﬁighaﬁam ﬁ 01(‘j
Ther apeut i Ruddon eds 9th e
1966 and. LRact B diimbotngtne Sl With o BEHRIR G [ o1 a0 y
Drugs in ROMIWYt on: “Afier afdnidaigeriodiol tratedni we afiér aﬁhppmpﬁate pertodlof 1ih296- 1221
(AR Genn ed 19 h ed. by reference

0 995 are .ne cor rat e
in their entreripib éﬁ‘l ‘I)e’ém:}g’? "ﬁ}ogd’?hlhmor eg’l Pﬂbrsdgr}é’é‘fseél with a
protein delgxuﬂadaﬂ_ndmmsnmé&s t@&nontﬂseor@@k tnowof&mreﬁdmmyleb&s BRI RIS

[ 00250] NEth s of th |nvent|do urt er. conprise cong&ri g one or nore
of the prigcaFAiop maybe drteryaed atga@a omet\9e Srerporg BPphenot ype.
The standansy zameatetafﬁp&yloipfdf@n a@gﬁ@ﬁ&pﬂdjbn& RR IoREof the pheh&iFds cell

or popul ati on of, %ﬁ!)ls 5 tg;vo[%nce cells are one or nore of the foll'ow ng,
cel s frorRedelsapisetpeiodic Eﬁ shaph treqtgento Foxgrapele; ety BMAFERQIthy a pr ot e| n
degradati qmelﬂitﬁﬁﬁ #Y be 1Rkke efvéx?}rfb\x/ RSurs %@&tweeﬁé"ﬂotakge%#hgﬁﬁh& efﬁ&gc%ef Us from

cells fromthe subject, or cells fromthe subject pre-treatnment
t he subj ecke W?ﬁﬁcﬁmﬂh@%ﬁksmma& beasqédﬁécrmrqrévl/:@mwth@@my (BVBO), a

per | pher alteiiAdIRAGRLELRRE pREL ALRER uhiBpoCYT s, hai fol licl es,

bl ood cells, other ep 1e|a ne marrowplasma cells, primary
cancer cell0®33bat | e‘ﬁp"lé@‘i heyein areunathods of menitoring Prggreiseqﬁ@@ufom being

h t t t
ond the| e FABE Sl Bpe AR, FAAMES SmpAl dfbrb b o B hbre B8 (7Y o
i nhi biti ngre@tg)gme@@mmdmstemm Téﬁlﬂp@@galla/cﬁfepm ampugt Qfeahlaggesosmbj ect
conpri si ngﬂﬁ:ﬂﬁg acthd %%etgp Gnd gét%nn%&%'e A a e%npglpés a b%r% %thﬁ%/pe”ﬂ%ﬁ{

enbodi nment e aggre ern The
met hod rrayle#tmlentrmth tbonggr¢ssme|nﬂhbzmrtw}regexmthamulshtrm pﬁ‘mte&ur mogtegfitizdat i on in

the cell xa adm n stration of bortezom b and
t ubaci n. g{"‘lee{l?j csgl(lr}{hf%[g eﬁé'c,oac gg?qg;r%ﬁ%x ’g’gﬁ ‘?nﬁventl on al so provides a
phar maceuf{0234] conpdsthodsars alsoprpvided fa;g seldtting a subject with a protein degradation

disorder for treatment with a protein degradation inhibitor. The selection methods comprise

determining one or more pre-treatment phenotypes, administering a therapeutically effective
amount of a protein degradation inhibitor to the subject; and determining the one or more
phenotypes after an initial period of treatment with the protein degradation inhibitor wherein
the modulation of the one or more phenotype is an indication that the disorder is likely to
have a favorable clinical response to treatment with a protein degradation inhibitor.

[00235] Useful in the methods described herein as protein degradation inhibitors are

one or more of histone acetylase inhibitors (Mitsiades et al.. Transcriptional signature of
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effective anmount of a conpound of the invention of formula I, formula I1I,
or otherw se described herein and a pharmaceutically acceptable carrier. In
a further enbodinent, the effective amount is effective to treat a protein
degradati on di sorder, as described previously. [00253]In an enbodi nent, the
conmpound of the i nvention is admnistered to the subject usi ng a

phar maceut ihisidriedearetytapt mbibdiondn myltipte oyelonea: Qlolo%al and clinical implications. Proc

phar maceut ihgal t,a rdl gtk i ery of
Phe. compoundigtoit REFRUE QIR A5 b 28, SRR HER B UBb NSRBI <
36 hours, Mcﬁm&iégvebpmeﬂteﬁ;kpeﬂ@mnkmeﬁngbmgsr@@%eﬁds% eachfobwhichee ks after

t he pharnmaceuti ¢ ept.abl r nul,at, Jor d e e subj ect.
[00254] I n Certiarg edl%l% ﬁy elkl encg)f ﬁlggc r?ﬁ’é{ m cd;r §%§%}’J§Zﬁﬁzgipare
suitable f d?ﬁHbmpnmaDompomémmm swnzaAGpMsz Bagijdrp@s NPI0052) bhether

enbodi nment s ‘]ﬂﬂ gcrl b in detail below, the pharmaceutical conpositions
of the preSEMPOYRGY EFieHts Fﬁiy‘be specially formul ated for adninistration in

solid or |ijep23g for mamkmdbgtgdatub@mmmmt ihentibi@af Bhitemha@tivitd yf or al
adm ni strati r. e

enches aqueous or, non sol utions or
suspensi on§y! ?‘Hacré’B‘?t@P%%e %oqnﬁ}gggs g" siablR protedn Q?%%qgg mt]‘i})m‘é&?aéfnt eral
adm ni st r atidb thé adtivest sMDACEDHr M@@ ML enzhmbicEeie | Be ﬂﬁbxh@ﬁ bAavenous
injection as, for exanple, a sterile solution or suspension; (3) topical

appl i cat i oMDAGH enzymat astivigemay inytwaiphibt sasresane sedialsd Rioteip dearadation, t he

skin; (4) 'Sﬁiteflﬁé’}ﬁ‘gieﬁﬁiekﬂédeﬁfon 11'%51%@155@&156’ mhfbﬁrfo?é@l%ieethe@teﬁnﬂglssar y, cream
or foam or €‘((wl) aer oso for exanple, as an agueous aerosol, |iposonal

prepar at i OA° ating| eV ipyaf FRA G th?mbwamlnblﬁgg rgEesempPstiated P{CG@IZ E}aﬂﬂﬁéo@hr ase
" phar ”aceUUtﬁe?E&bébﬁ%?& %%Edat&ﬂrﬂb?to}sqn Ofibit B £ %x% dpentions of

t he present 1nventi ositions contdinin and/ or

dosage for #923Hi ch alneertewi ethbadimenss, thedpldbisipn Q&iﬁﬂ%@dlt@pV?Q}MQWEﬁpds

sui tabl e f gtq HSEolifokABiREF mbhld 1k JrRPY6 ST 2o BYIERE, BRI SED B AR ! S

W t hout excessive toxicity, rrritation, er gl C response, or er problem
or conpl i catqtmlesmmeemmsm miybhet bf laclueaamtcablaed thereédre mcrqasal@roﬁm stress

[ 00256] The, | Ly-acgc u
phar maceut L Pt RIS pRAR ol A GELE R of Blches B ke SR8, 0y o
l'i qui d or #hebd ozalnéaré _tt}&rapetsdllatmreqsﬁHSR%dchltedhmmshﬂd\aemltymf sermdpidingt i ng

mat eri al , |nv d in carryi.ng.or transpor j.ect c em cal

e or ann, Pt Bekallt dR0barhibHa foeshS TEREE HsPY0 FpSic B Sse EtEMobfoidhe
body. EachHSR®0 inhibitiondhas boea éfindhd @imihish thlaghﬁsmmzonfremnﬁgerewatl ble with
the other inhgredients of the for at.ion_.an urlo atient.
Some ex arrpglgg °8ft1°ﬂ'@tr§‘iﬁpt3f -GonffipiRg © m%ﬂ:f t]lsh g}é“‘ ?&IQBPF %Qﬁ%s &t‘éﬁ‘ﬁf abl e
carriers i Redsudeic Hypdrasugaion of 1SPHO abadlhgled QBRased |sbtﬁ‘sﬁﬁlﬂy anebuB sl i Sast( 2)

st ar ches, SUChlfgﬁ.s corn starch and {j)’Ot ato starch; (3) ceI%uI ose, and its

deri vat i veStne& et ¢ deERseh sk r?@flmnse%moaﬁatﬁﬁnceéfﬂ cel l ul ose and
cel lulose pogsgte; (ShiatloONessesle inhtaReARtNde fibacidIBlriptadefor tBEdodipotinds( 7)
talc; (8) excipients, such as cocoa butter and suppository waxes; (9) oils,
such as pe%‘iﬁﬂ‘beélhfmmcottonseed oil, safflower oil, sesane oil, ol i ve oil,
corn oil aMZg?ybea'T’r&élh deér&@a)nog lir)ﬁ%?{o?s oﬁh@xﬂv&&oﬂﬁﬁ?)ﬂs@ ﬂﬁnlﬁ! }M‘G@Qsom@ll)
pol yol s, such_ as cerin, sorbitol, mannitol and pol yethy enelgm}/ ol ; (12)
esters, suHVAS @{lﬁglle pesiieaserae iphibiterstipgludeape ot @01‘3(43)11%@9?066(1454) fofer i ng
agents, sugh, g, mm&&%ﬁ%&gﬁ%&@ﬂ R 157706 ﬁwﬁ%g@n pb¥pip, al gi ni
aci d; (16) pyrogen-ffee wat er 17) isotonic sa R nger”s
sol ution; 3Yjc WEKige, 1§+WMG1§20)1p00¢rg@pW@0ﬂmf‘émCsmpazmdmﬁﬁomaxfmll (21)
]9‘ herl ”f’” &e%ht?ve?Bf"ﬁiék&%o%nﬁé@ﬁéo%%ﬁ% empl oyed in pharmaceuti cal
ornmul atio

[00240] Additional suitable protein degradation inhibitors include peptide inhibitors,

for example, a peptides derived from HDAC6, HSP 90, proteins in the aggresome pathway,
both up-stream and down-stream. For example, the C-terminal portion of HDACS, including

the Buz domain.
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[ 00257] Wetting agents, enulsifiers and lubricants, such as sodium | auryl
sul fate and magnesi um stearate, as well as coloring agents, rel ease agents,
coating agents, sweetening, flavoring and perfum ng agents, preservatives
and antioxidants can also be present in the conpositions. [00258] Exanpl es
of pharmaceutically-acceptabl e antioxidants jnclude: (1) water sol uble

ant i oxi dantlU24d],cn” adheprpisinglegradetion mElitorestile wyentig pesapable of sidplating
bi sul fate, cpe6i MbrepRERpesbfd deBl, T8O Qhéﬁﬂiyﬁé‘ﬁlfajr B@a %Qgicﬁﬁ‘or cldﬁ%‘al sécﬁy)dlae in

oi | -sol ubl e antioxidants, such as ascorbyl palmtate, butylat

hydr oxyani SePanse fp-ppartigilaryTeatmeat onpamasyndo Pheesypesivnde, premishi n propyl
gal | ate, altﬁgﬁbgggcg,ggggr agents,
such as citric_ acid, &hﬁ%ng%i %ﬁ%ﬁkﬁ%opggggé "acl gh%cﬁgﬁk@y %g?lbl tol,
tartaric adpsufficines @mﬁe\%ceam@nmlmdnqaf@amuk elasrp@mls,gae@@mpmwﬂmadmant

cont ai ni ng C IR f ral,
nasal , toplc(é;lgf (1 ncﬁggﬁ%ggfgﬁggg’l ﬁgéﬂt ﬁ%atﬁr@%l#xggc&ggl??ﬁl %P%/ég?e%rgfs ?eé’gf osol
and/ or par ehgresPmegiminegtere phismamHS'l'ﬂI@Aélé mbmsltmam}my}mMﬂﬁma’ecm iny be

ted | known
1 the. art Rl R0 0 RO LB R B R P e e Rl s "
conbi ned wef ﬁtblaummatqd@rotcms mrmahre lph:sma cellscleved oscasg{se-sdmma@:ﬁa plesmin oslls,l vary

dependi n oSt bel t he rticyla f

It Pl R PR o R bt C Bt ialol SRS b i 1aBRA OB, BBt wi ¢

a carri e][ pistesRe, aggxtegatmn@dumanaplgsnmieﬂs depoageoﬂlﬁfnmnwgl?ﬂmlmeﬁﬁféeachﬂexple%%lﬁxat hat

anount of t oduce eut.i c, ef fect neral ly, out

of one hunﬁﬁl]le ’cficﬁtg'ra%@éﬁt?te of H?%R‘ﬁ%%wf’ sy glglbaﬁ gﬁ‘@%‘@?@%?@cﬂﬂh"feﬂ@ﬂ cent to

about ni nepry)telinsnﬂateef&elf'&ycl@frega@a‘hbx\iﬁlebrﬂgé eshriend of HoFbES, g&;xosﬁsrs@m ;mt@ééh g pter
er cen o abou

cent to abpu e en nore preferably from about 1

30 per cen dt few%e I\gé‘lsﬂf)ﬁ’?r%fs HREpRGARY HrW%ée%Bﬁ?b%tFﬂnéﬁ@dPhémuefe t he
step of br¢dug1af1grotem QepoR&S OGSl ARtydaticn @ﬁ&wf@elﬁﬁaﬁahgeﬁtﬁ\éaﬁﬁdﬁraf&éﬁs with the
carrier anﬁ ti onaII , one or nore accessory ingredients n general, the
formul ati o824 e pr dhdcEasHP oBRPFBPIFIOf anemia.ileie] pagatogomss thenthyeytapania,
associ at i q&u&omgﬁmw&fle&&% bdh%%aﬁl' i@lﬁmmoaé}ic'léngwr%am@&f'ﬁa% or finely

di vided solid carrjers, or both, hen, 1f necCessary, fng the
product . [WQIG?LIPWWP@M of @ﬁmreraéammpém, merﬁergegetcﬁmaégmt cedls.hymidine

adm ni st r afj{xa lﬁ%)itupéeplhs%at&ﬁs Qe fe?x?ﬁ se- 8:?}1%578@ lagfnycals f2hlgt s

| ozenges (u5|ng a flavored basis, usualFy sucrose 5

t r agacant Hyll I@M ingpafweiplasmagellser @g@ehm afrnature alasm;wasndwatesrthan
agqueous Oy NEBTAGHEOUF AhdYi d. or as an oil-in-water or water-in-oil liquid
enmul sion, or as an elixir or syrup, or as pastilles (using an inert base,
such as gdp%?t4i3h andAgllmrascmacoto'lagunstats@faxbdhmdm% uldguifioatioa$n mwtch washes

d the | det d of th
vent 1 on(ay S P ISRl 0B B SRR S T B A R o B A BiR <t er o

as a bol uscetplation siate pf pom- ];natsn@protems cellular ubiquitination levels, apoptosis, markers of

apoptosis, cell cycle deregulation, or deposits of immunoglobulins in mature plasma cells
indicates that the treatment is efficacious.

[00244] Phenotypes may be determined by many different methods know in the art.
For example, phenotypes of a subject, e.g., anemia, thrombocytopenia, neutropenia,
osteolytic lesions, bone pain, immunodeficiency, renal insufficiency, and hypercalcemia, may
be determined by diagnostic methods known in the art for diagnosing these conditions. The
phenotype aneuploidy of mature plasma cells may be determined by cytogenetic methods.
The percentage of malignant cells may be determined, for example, by histological staining,
flow cytometry, FISH, PCR, radiographic techniques, MRI, CT scan, metabolic methods, and

the like. Acetylation state of tubulin, apoptosis of mature plasma cells, level of aggresomes
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[00262] I n solid dosage forns of the invention for oral adm nistration
(capsules, tablets, pills, dragees, powders, granules and the like), the
active ingredient is mxed with one or nore pharmaceutical |l y-acceptabl e
carriers, such as sodiumcitrate or dical cium phosphate, and/or any of the
following: (1) fillers or extenders, such as starches, |actose, sucrose,

gl ucose, nanmattmlplasmadélsy HPAIO6aibouitiation if Matuse pdems cells) HNALS assodiptiax anpl e,
car boxynet h el Lul os al gi pat.es i j .rol i done, sucrose
and/ or acag&?y?eg’) mﬁ??%ggpgn %?e@u‘d’ceﬁg%sl%g%ﬁ;%fe@g{u;m{n%h Bllq’)s(elrnal 1;elé’f’(r;agf.}igng- agents,
such as agplasmgedls, leel 6f caspaseas hromatiies, plgsoh atils, Eveltcd head@ved form lof capageni ¢

acid, certai.n si es, .and.sodi ar.b te:. (5 |45 1 on,.retarding
agents, su 1 i#f?@ ’f’ﬁ‘ﬂ?mr(:é’)asﬁlﬂﬁl?gpgﬁvﬂﬁ?g@?:ngpgﬁgrg%?)fﬁ)(sa\,ﬂ;sﬁﬂ#:thﬁgn at er nary
almTDRI :Jm c I dsturd ﬁlhsn\ihﬂdet 11b ﬁﬁ%f agﬁﬂéx‘mlne?;lugbé@ﬁ?mfcak mﬁﬁcﬁtﬁpioﬁexam}:ﬁl i, Y| |
bent oni t o EPRPCOREP By NEHFRGIOGe FLLS £ A B gy GG e BB R RGs  um
st earate, Méoﬁbﬁ}ﬁiiyﬁbh_}iés@@ﬁd gth¥CRétedssodi um | auryl sul fate, and m xtures
thereof; and (10) coloring agents. |In the gase of ca ;élé-glghftabl ets and

pills, thelftmacedioredinEdmpehods A imeption ebenobmf 8y Phg agent s.
Sol i d conp@sériia st 8y Rirk bBlolAtcatldi, affBYa fkSRted AiBAPAHCADréteinidesra@ftoni N
soft and hard-filled gel atin capsul es using such excipients as [actose or

m | k sugar disordey, afier freaiment; 3 dvongEeataentnd e methoss pay by seplayeg|ope 8T ®ond t he
like. [00g83] & Jaagieq%omyub?&t Y oFRBRBRShPBI 6 P Itﬂllepﬁlme pfdaonal Iy

with one or -nore accessory i1 ngredi enhts. Conpressed t ets may be prepared

usi ng bi ndB0246lor eMathade of thelirventioropahijthencpppos/detesminme e publdctse) |

| ubri cant, 1 LV.En ] Rl Q. e I sodi um
starch gl yEsREyke St #5Rbnd PLEROIVEMR vl 5, BOH Ahndil B BAGE e
sur f ace- acsecomel wriodpSipetmim paggé the sarvbledg as thielfiest pemad orbuitialeggodef nol di ng

in a suit i a, m xt ur.e ive.ingredi-ent noi stened
wth an | norEnRERAaiohcto! it i the BRWEE B0 BLJALE chLAY 18R, COL20S
forns of tddermiatiomastht sccahd poivdof tredtoas nofy beloe apeesnd biologiabstmpdn, such as
dragees, c s.uldﬁ%d ﬁ%l I@ z%nd granul es, nmay optionally be scored or prepared
W th coati??llg%m% BHEISPY such as enteric coati ngs and ot her coatings well
known i n tjee24ar masabijeéts at cello betug atitapwist protefhdegraiayorainkibittre nfagibeul at ed so
Gsi ng. "t or HERer P ig SR heRP eI RS LBP I PERE O R et PGSR (1 ons t o
pr gyi de t h&gﬁﬂﬁﬁd’rﬁdhibﬁhr@.am ﬁdgfdnhﬁnhiﬁl‘:t&ieﬁagpﬁlan ﬁf@@eﬁﬁerihlﬁ:ileﬁor o]|cr hposones

and/ or m crospheres.. They may be sterilized by, for anple, filtration
through a BaEpwOmednipifor; %P%Xdﬁf?wgﬁl%ﬁ?n By Pﬁé%?%?‘ﬁ{%ﬁpggé‘f‘&bi %ty agent s
in the formkehe &Eﬁ[aisé Bih®abistrub i ®5ittdoaits (VELCADERNS READRI $PA7v@d i N sterile
water, or gpne other sterile injectable nmediuminmediately before use.
These conpodidpeNe-DRIME, awnigdtipgal /A S dieropperad sileragakideriigycsay be

of a conpogsfithd Qmpolidds Jre¥miigl ease the active ingredient(s) only, or
preferenti al I%,] i'n a certain gorti on of the gastrointestinal tract,
a

opt i onal | y[002 delagrbiscirinalb may bg serpiriissredonses soroiaomhpmsibeiaptigicwhi ch
can be useghehNeliiidon RRhY Rl dhaPAHRRL BIREBRAPIHINR AR Snti- FHBmARIdrY SednPQiRI ent
can al so be in mcro-encapsul at ed for m- if "appropriate, wth’ one or nore of
t he above- et Wiilsdemgdicpicd frs pritebXesplitionidisoniss agenfathenapetiér agonta may

admi ni st r%&lﬁ{i‘«? Qhokif &Qggq&%% xR, dRURBISPD ‘Pll(léx_)ou}a@ﬁ/'s%,%a idronate

phar maceuti cal l y-acceptabl e ‘enul’si ons, m croerul si ons, sol Gt ons,

suspensi ondisodsym, apastrande, ekémestane, dyaloabichithamide; epitubiving bttiovale,i tongméfehiegnt , t he
| i qui d dosage. .fo ma ontain _ inert diluents co |y used in the art,
such as. 1oV easzRl e RS ot Ao, BRRRLS. SERTRR Fotis Bt and

enul si fi ermclitaxdjtesaslactbivy hziadiaghidblastisg) papepiydbiel gohbietin agtdy lzolediobionat e,

et hyl acet at benz al cohol , . benzyl .pbenzoat ropyl.epe gl ycol

T3 butyl G g Heg e S ViR R R sn s GP SR e R

germ ol i igclu@ biitafe Bl dinfirs dT@spiih,Ipuprefely, Adlefenact edpFaxbly, Heabtapyolfenal cohol ,
pol yet hyl ene, gl ycol.s and fatty acid esters of sorbitan, and_.m xtures
Phercor | [HOURET i ORI oM Eer REPPOT DR PG R BB APEHE can

i ncl ude adj uvants such as wetting agents, enulsifying and suspendi ng
agents, sweetening, flavoring, colorings perfum ng and preservative agents.

[ 00267] Suspensions, in addition to the active conpound of the invention(s)
may

(




contai n suspendi ng agents as, for exanple, ethoxylated isostearyl alcohols,
pol yoxyet hyl ene sorbitol and sorbitan esters, mcrocrystalline cellulose,
al um num net ahydr o) dde, bentonite, agar-agar and tragacanth, and m xtures
t hereof. [002681Pharmaceutical conpositions of the invention for rectal or
vagi nal adm nistration may be presented as a suppository, which may be
prepar ed byprarhogrefgn, arveoppofentriexapoigosupebier, amhmpr'ofanetiaﬁrahms pcidj fiprefer or

for exanpl e,

nore suita rr| at i.n i en carriers .co si.n
cocoa butt te)[’ru‘é:lo%gl qnggggi& ?‘@8 ac, tghgeﬁlﬁp%oﬁeipg% R ‘d%m ‘g‘?’cyl ate, and
which is Sabcmletaﬁn lfemﬁmab eﬁﬁﬁfaa,tdxpﬁac neffenkiniplictll, fieclbfedymicaBideflatathge and,
therefore, w,ll..nelt in fhe rectyum i.nal  cavit rel ease, the active
agent . [ 0026%; BHBis 2 t8ﬁ‘§naB‘F° ?Cf'fg Y ”@%ﬁ%@%ﬁ%ﬂ%ﬁ%&%ﬂ% 159%ic8 bl e for
vagi nal admhlfyti acad d@ﬁa‘@s}es Qndhlitﬁﬂlg-’é&@lrﬁeﬁﬁﬁﬁﬂ Qicylhts) rm@m% mégne@im, gels,

pastes, foans..or carriers as are known

t {
in the art th%h%a% ?}F%aﬁ?’ "é‘lsgl If ns?*g]%%ﬁg%&nq&%ﬂm%?n@ﬂéa *tzéfbl cal or
t r ansder malpaddiiifipséinof dedRaries kAR AtuithiabpHed gnd §Béﬁ£ﬁehf»}%&)1e L&%@

powders, sprays,..ointnments, pastes, creans, |otions, gels, tions,

pat ches an&cq“ﬁl‘i%‘ﬁ%lﬁld}ldmgﬁﬁdoﬁﬁha@é» wingsuand e@?doiahé‘eiqli@ﬁéﬂtaf:@w(aﬂdsmy be m xed
under ster Eﬂcﬁ;dﬁ%’l@hifeh@'&léﬁ’eﬁa@ ﬁd%@f&&caﬁwﬁk b %Hiaé? Fcfidl 5' er, and

with any preservatives, buffers propel | ants ui red.
[ 002711 The Msferemisreis, andamaclofenamiceasids emm agrés,snm@mg:@mamsdplmmcaaddu tion to

conpound  Ofenbiiganh) nééﬁﬁ%y*ﬁ@l(ﬁﬂedfgneg @g pareé.??%ﬁgﬁth% . CE ? GhB bR G, SUCH @S

ani mal and vegetabl e Tats ragacarit h,
cel lul ose e matnhbﬁ@sewl}g@h@phakwa@n’eca@b'ymp@blesaltS|th®c£Ef$pd éxtentherst. silicic

acid, tal cpgnd;zi. gtaﬁ)e?ﬁ' g%n 0 ¢4 N’ggg)st ,Pee rlga%A Igz?eg %1a%91%dﬁg&y€f%c rays

can contain, 1n a I nventi o ts such
as | actos eAnttlaﬂ@nmcbe'lA@Bl@ts aved ﬂrugaEumiomedmthajTr@mwet of Chlut; imGoadmadnciat es and .

pol yani de r res these subst n..ad | t| onal |y
contain c u??mrr'gr 37 Zésélgmg %o R %g’ﬂ% PR SE gﬁ SZ Fptfﬁ's' d? éi?ﬁ'“g
vol atile uR&}ummtdlwmlzidgmgd#r 6t ad b9 andGleh Ra$lateohatvegenid, prirppedne an&’ 002 731The
conpound Oj{nt‘z-' pn?la' hato b,%& ?r) Recn?ilggtgz% ﬁzle %g{egc%tc}nd %rgctz%g roT} P}!ta§}n2£yefgol ?)/
1196-1221 (A.R. Gennaro ed. 19th ed. 1995) which are hereby incorporated by reference in

their entireties.

I-A

[00249] While a subject or cell is being treated with a protein degradation inhibitor, the
cell or subject may be monitored.

[00250] Methods of the invention may further comprise comparing one or more of the
pre-treatment or post-treatment phenotypes to a standard phenotype. The standard phenotype
is the corresponding phenotype in a reference cell or population of cells. Reference cells are
one or more of the following, cells from a person or subject that is not suspected of having a
protein degradation disorder, cells from the subject, cultured cells, cultured cells from the
subject, or cells from the subject pre-treatment. Cells from the subject may include, for
example, a bone marrow stromal cell, (BMSC), a peripheral blood mononuclear cell
(PBMC), lymphocytes, hair follicles, blood cells, other epithelial cells, bone marrow plasma
cells, primary cancer cells, patient derived tumor cells, normal or cancerous hematopoietic
stem cells, neural stem cells; solid tumor cells, astrocytes, and the like.

[00251] Methods of the invention also include methods of inhibiting aggresome
mediated protein degradation in a cell or subject comprising contacting the cell with an

aggresome inhibitor. In one embodiment. the aggresome protein degradation is mediated by
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aerosol. This is acconplished by preparing an aqueous aerosol, |iposonal
preparation or solid particles containing the conpound. A nonaqueous (e.g.,
fl uorocarbon propellant) suspension could be used. Sonic nebulizers are
preferred because they m nimze exposing the agent to shear, which can
result in degradation of the conpound. [00274] Ordinarily, an aqueous

aer osol i sHDE. [The hizthod Ingdyi fughed torapyise bdbitng protesnme pradeis Ppegraiation Difthe he
agent toget her

Pani 11 20r & bt FOGRERH Y abe B R OR En oL P <R TG PG  ment & of ¢ he

particul ar compound, but typically include nonionic surfactants (Tweens,
Pl ur oni cs, 'gr polléet r}zol ene_glycol), innocuous proteins |ike serum al bum n,
sorbitan eSt&pEcedrdi(OmpesiHons| ecit hin, amino acids such as gl ycine,
buffers, spobsz] SUJAMS Venifoiddo RGVGERAlpharmABEEsA smBRRBhAdImprising afr epar ed
fromisotonic solutions. [00275] Transder mal patches have the added

advant age 8fecHyoumennhef aeomnonnd efdheiyentien of fopmyla ééﬂ‘iﬂ%\?ﬁ% B rthergse

i nvent i on( gdscRdhBRiPAA% phantRafRaBoR iRl RS MIAKS cRbodlinesOtn¢i Ng or

di spersing the agent in the proper ‘medium Absorption enhancers can al so be
used t o i neffesteeanonst fs|effzctive te teat apratsie degnyleten Epnrdencs deseribedrrevipysly. The

rate of suffipddiux Caflap eménqjtheeéouggegg&aﬂﬁéinp&ﬁi\smgamstmamentrol ling

menbrane or dispersing the active In lent 1n a polymer matrix or gel.
[ 00276] Ophsubjectusingfaphatrhastitisally-acsypiable furmulation, egowpbarmaceytirallyraspeptablel t he

li ke, are ' - Of.. ' kQn.
[00277] Pharrane AT AE Sullindlife bl B Lok AR R CORE uREno b MRRLRAT o
admi ni st r attileast 2ohwprs, 2€hansg 36 howrs,r48 hourspaervetek ftwo weekisniheastvwesks; o) foun

conbi nati o ] e .or _nor.e _phar nac icall.y-ac : el I sotoni c
aqueous orQﬁ%\(ﬂrsltﬁgﬁggeu%ha%%?cﬁﬁwgﬁg?ccﬁ? gglgtrf%rfngl!\ag?gn gﬁ@%@%\%&%ﬁ?ﬁ? gulg#gf'si ons, or
sterile pojdzs4d whi dincermin dnebodinmamiss thetelihenndcaitivalsbmpbditonsayesnitaiié for

201 L1 on, QiR 2h2A% il B SRE P ShBL I R RN R BB L0
the bl ood Bdlow,hke phateardeiibal @@igositiths dhthespreseatiavangoinay bé peeinliiynfyriagiaets.
for administration in solid or liquid form, including those adapted for the following: (1) oral
administration, for example, drenches (aqueous or non-aqueous solutions or suspensions),
tablets, boluses, powders, granules, pastes; (2) parenteral administration, for example, by
subcutaneous, intramuscular or intravenous injection as, for example, a sterile solution or
suspension; (3) topical application, for example, as a cream, ointment or spray applied to the
skin; (4) intravaginally or intrarectally, for example, as a pessary, cream or foam; or (5)
aerosol, for example, as an aqueous aerosol, liposomal preparation or solid particles
containing the compound.
[00255] The phrase “pharmaceutically acceptable” refers to those compound of the
inventions of the present invention, compositions containing such compounds, and/or dosage
forms which are, within the scope of sound medical judgment, suitable for use in contact with
the tissues of human beings and animals without excessive toxicity, irritation, allergic
response, or other problem or complication, commensurate with a reasonable benefit/risk
ratio. '
[00256] The phrase “pharmaceutically-acceptable carrier” includes pharmaceutically-
acceptable material, composition or vehicle, such as a liquid or solid filler, diluent, excipient,
solvent or encapsulating material, involved in carrying or transporting the subject chemical |

from one organ, or portion of the body, to another organ, or portion of the body. Each carrier
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[ 00278] Exanpl es of suitabl e aqueous and nonaqueous carriers, which may be
enpl oyed in the pharnmaceutical conpositions of the invention include water,
et hanol , polyols (such as glycerol, propylene glycol, polyethylene glycol,
and the like), and suitable m xtures thereof; vegetable oils, such as olive
oil, and injectable organic esters, such as ethyl oleate. Proper fluidity
can be nai ¥ ‘@bdptible’ &f the scasPdibeing\compatiblswitivthe othat inpgdients ef thalfsmubioh as

| eci t hin, gzdthe.naintenance of, the re uiredfgggticle size in the case of

di sper si on&1d Bedipgious i the patient- Some FxaRleh o MAPBSPRIRTER T Fnosi ti ons may

al so cont aipRarafbetviadllySacSdptdbleAarrRELinendA (1) ¢egars, wdhtak NgGtoad ghicsse adtwh@odey i ng
agents and di spersi‘r;‘rg1 agents. Prevention of thﬁ actign %f .n‘i.croorcﬂani sns
may be ens(SHIYpS, qmem&@%@@@%?ﬁ‘%% (Rrreipee: g denyiivVes it 3R gal
agents, for_exanple r I i j and the
like. It nﬁg’/ﬁ%g%rlb%’@mg%ﬁ?egﬁlpgg’? (k)hqlli g%:fﬁfgggédscgg @ﬁ%?c%%%h{azl,ﬁo‘gﬂeg as sugars,
sodi um chl damgatenth( pimalng6) geladinj (T) tald; KB) excipieuts, suchoassocdarbudieiking isupposiparp| onged
absorption_of t i.nj ect abl e pharmaceut. ¢al_.form r uoht. by
Ehel el el et Sarint b A Sp ot ol ittt Bk
monost ear atand soytemealilalionglyEd8) 266k ds prapylere glysds(l1) wlyln bwhgs glyeeref,f ect of a

drug, it is desirable to slo he abso ion of .the.d f r om,subcut aneous

or i ntranmuSege rmF‘?'f}”é’l:‘[‘qdd’ﬁiye *eé‘e ﬁ@f}abégi\isgeﬂﬁ’rﬁ‘ﬁhsaﬁStéy{)(ygatt%@ uegéy&lgafnaie’l i quid

ol bl 11 £y o e e X hion. dopende. tbn. 1 s T at e

of di ssol ui(}S-J{ﬁlaim? i (19 P@’Eﬂgﬁ?'ﬁﬁ%tvatﬂ’éﬁbﬁ&w% ' %}g]tggﬁ?‘@eﬁ%soﬁﬁ ni:dl%)st all'ine

form Alterps Myﬁiﬁx ézog%h@sgsﬁﬂe BRER lutienR; £ (@QRﬂi&ﬁé@feﬁi& mpdtiBlai st ered drug
y

formis acconplishe di ssol ving or suspending the drug in an oil
vehi cl e. [ GWEtmpesemplayadinpbgamseutical frEnuationsade by f ormi ng ni croencapsul e

matri ces ofjo@8fpoundyfint BeentN¥AMEHRRER bR (R R sHIALE 1R8] YilBESaguch as
pol yl acti de- pol'ygl ycol i de. "Depending on the ratio of drug to polyner, and

t he nat ur e meEngsHE Fearete.ca vt 2p eQlgting 2gapip| TelpRsg 28¥ e CaLNg gt PWR§IIEIEease can
be controll . . e j .o ;
fﬁ%mg%ﬂgﬁ!gﬁgxgﬁé ?%.gl:l]lﬁ)’/ J?%%%@&r £d %&1&9{336%51?0 bé‘ﬁjeéégﬁin the

pol y(orthoest ers) s). Depot injectable fornulations are
al so preparedpepjtiaent r appi ng the drug in |iposones or mcroenul sions which

?L\e/eﬁflrrg ‘;’:E gﬁzgtr;]‘é“ tag e tlet(g irozMa&e@H%JaM?ﬂbE%tim%%%au@ (lt) Reter
pharnaceuti cal s, ,

soluble antioxidants, such as ascorbic acid, cysteine hydrochloride, sodium bisulfate, sodium
metabisulfite, sodium sulfite and the like; (2) oil-soluble antioxidants, such as ascorbyl
palmitate, butylated hydroxyanisole (BHA), butylated hydroxytoluene (BHT), lecithin,
propyl gallate, alpha-tocopherol, and the like; and (3) metal chelating agents, such as citric
acid, ethylenediaming: tetraacetic acid (EDTA), sorbitol, tartgric acid, phosphoric acid, and
the like. |
[00259] Compositions containing a compound of the invention(s) include those
suitable for oral, nasal, topical (including buccal and sublingual), rectal, vaginal, aerosol
and/or parenteral administration. The compositions may conveniently be presented in unit
dosage form and may be prepared by any methods well known in the art of pharmacy. The
amount of active ingredient which can be combined with a carrier material to produce a
single dosage form will vary depending upon the host being treated, the i:»articular mode of
administration. The amount of active ingredient which can be combined with a carrier

material to produce a single dosage form will generally be that amount of the compound

which produces a therapeutic effect. Generally, out of one hundred per cent, this amount will
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to humans and animals, they can be given per se or as a pharnaceuti cal
conposition containing, for exanple, 0.1 to 99.5% (nore preferably, 0.5 to
909 of active ingredient in conbination with a pharmaceutically-acceptable
carrier. [00283] Regardl ess of the route of adm nistration selected, the
conpound of the invention(s), which nmay be used in a suitable hydrated
form and/ mhgd fiem pbait Tpeciehi 0 abowt ainpiysiitd ma@nodf attine ipgredient} prefereblytframn, are

et hods. knéRt § BRCHISRAGH LT P TACR G-I E0Y ORORY ACPUI S S DBVl < and

time coursenef adm nistration of the active ingredients in the
pharmaceut|cal conpQsitiong of fhe inventiogn ma

é‘?e var i eégso. as to obtain
an anount 0264 act gRods P@W@ﬁﬁh%?qu@oﬁ%‘f‘ B_?%‘%Si‘%o H‘gg’@émf’he
desired t hagadfishiaGomBSBRIGE thefifenBorli))WilhGlt adrigtahd,@ptionallp/meSH b, and
node of adm nistratioh, wthout being toxic to th(ei patjient. An exenpl ary
dose range?qeessprydraredionts. dn gagersy thsdproggriont o PEPRIK SV&P‘@?‘F“&H .%m%ﬁ’lyt he
compound Ofyiddie ihi3\4SkiaQ6h § &fmqﬁohﬁd O BS §REntoR YaM1GRIA dafrictd) 6r Xy dALd hat a
patient can tolerate and not devel op serious hypercal cema. Preferably, the
conpound ofolidiearriersyerhotts Andihen, fignepesgasprihaning @ PIogucti s admi ni stered at a
concentrat f f ab i iff RO Lt 010 fFGrd? QlimithstrRGdr Ay e 1R QLY
wei ght, ab 08?618 001%55885%10%%%%?9 ogrma@_out (r) 001 rrsg abou}?[;eloo ng/ kg of
body wei ghformRé eapseles, nachetsedils tabletsolozengenitising 2 flavored brsisatWally wewsaango
I nt ended t o] M\ WY ' I ' : rsuit of
pot ency se g{;:{? iof/)@z{%ta?f%ﬁ% &dgﬂ( .gl?l%?%ﬁ‘%gcs'? ﬁl@gﬂlgrnf?ﬁ@ﬁ %3%8&%18&?]#“&5%@ of
prot ei n degpmamimeous fquidnat as an pidiin-vetet erwasér-ipoAGidtemalsiony erasiapliyir ovi des
novel scregni ng. net s, In one enbodi pent .. th i ?gg .S
gquantitati X e P gre Slpﬁfqgg,s (1|1sm gaél-l%eétgbgs ’g%crggaéﬁe%ﬁm %fr%%cg&g’e S. s Q&gacaaa?

and/or as mouth washes and the like, each containing a predetermined amount of a compound

of the invention(s) as an active ingredient. A compound may also be administered as a bolus,
electuary or paste.

[00262] In solid dosage forms of the invention for oral administration (capsules,
tablets, pills, dragees, powders, granules and the like), the active ingredient is mixed with one
or more pharmaceutically-acceptable carriers, such as sodium citrate or dicalcium phosphate,
and/or any of the following: (1) fillers or extenders, such as starches, lactose, sucrose,
glucose, mannitol, and/or silicic acid; (2) binders, such as, for example,
carboxymethylcellulose, alginates, gelatin, polyvinyl pyrrolidone, sucrose and/or acacia; (3)
humectants, such as glycerol; (4) disintegrating agents, such as agar-agar, calcium carbonate,
potato or tapioca starch, alginic acid, certain silicates, and sodium carbonate; (5) solution
retarding agents, such as paraffin; (6) absorption accelerators, such as quaternary ammonium
compounds; (7) wetting agents, such as, for example, acetyl alcohol and glycerol
monostearate; (8) absorbents, such as kaolin and bentonite clay; (9) lubricants, such a talc,
calcium stearate, magnesium stearate, solid polyethylene glycols, sodium lauryl sulfate, and
mixtures thereof; and (10) coloring agents. In the case of capsules, tablets and pills, the
pharmaceutical compositions may also comprise buffering agents. Solid compositions of a
similar type may also be employed as fillers in soft and hard-filled gelatin capsules using
such excipients as lactose or milk sugars, as well as high molecular weight polyethylene

glycols and the like.
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[ 00287] Screeni ng met hods of the invention include a quantitative,

hi gh-t hr oughput, i nage-based screen of cancer cells. The cells nmay be
grown, for exanple in multi-well plates or chips, for exanple 384-well
plate formats or in chips, such as the BioTrove QpenArrayTm Chi ps
(BioTrove, Wbburn, MA). The cells may be grown and treated in these wells

and pl at es 00263 ar e A tabRt ady bé ladebyseoMpressioh 6€mbiding] dptiahally wigiddede | i brary,
nucleic acid library, Sope.of the Ij%{)re}ries gaé beﬁcpi ased for_ HDAC .

i nhi bi t i onToE WFSEUE NFFPWHLi GPoRegssed ablpty may pe Brepayd Banepiades o gxmeple,

i nhi bition 61ﬁﬁﬁrh@ﬂroﬁﬁﬂbﬁ&ﬁ%yﬁeuﬂb§kg,€lﬁl§rfbﬁﬁt, inBf uﬂaeht,gfbs&@w,%,t SsinfeRaft
treated, the cells may be npnitored by phenotype as_discussed herein. For
exanpl e, t ({BUsXeRPlenspdim stangh slyeelals|on piopmlinked sedivmp earbexyametivt cablslor®ds nay be

used and 1 @eABELARE oPRisSRiinSARAN VMl 5t &e@@@ﬂ&a{fn iPfuig0d! es or
may be directly Iabgl egﬁegndf?ét ected itfm'%h%?gbj nd. ell's g?@%ﬁ%@gh hol es
are then s&gplage 3 mixige ghthe pewderedamtive ingretienbmeigipnadevitioandnert iquiddituept. e, by

an aut omat gyg;¢ygon 5@%@%@3@; %&%&%@ﬁ@p&ag@ ﬁ@émﬂ@phaﬁﬁ&@btg&qlwo RSitib ©

account, for exanple, the anount o uorescence, ‘conpare controls,
t he rel at i o&thepassent inyéntiony mycke sxdragses, capsates, pillstand graneles meyoptionally bhe anount

f fl ' f E |
cont ol § of creuex piopited B cBthgy o BEM bt ok BB R8s 8 0B8Ry 2R
Mol ecul es kv is theghaueredticalfoenulptingoari. t Theg thaf alsd bevfongulatd s sate provider

direct cyt LCi d, syner. ith bortezom b .in the RPM -8226 el oma
cell i ng. 8{“8@5%’}&1@% eﬁ?%éno-%ggﬁy aé;}c,,inﬁ W?egﬁﬁt%?rﬁlpélﬁlf)g’géhe’ﬁaﬁgwudes m)InZCUI es
derived fripnrakypepglntethyl cellubnt édvasying preportiosad brawide therdesire@dralafse @rofiléle
libraries compounds. descri bed ipn Sternson et al,., . etf. 2001 Dec
27;3(26) : 4 E-Pﬂg’,?“"ﬂ&‘& F%;‘P%?Pmeef a%‘P‘?{m € ngeym?m%%@kbgﬁoggg- 96;

Elag g arz'([))és Sekamﬁog:gﬁltnatiﬁf thf‘odglah%aﬁesz?edre&ﬂhlléﬁfer, o;%@@&oﬁs@&wa_tﬂa% S!?ﬁﬁiiﬁé ?]géﬁﬁ 9;%4 .

pu . an arty. et. al ., em H gf roughput Screen.
2004 Nov; 7 ?Q%ﬁ%gégﬁg g%mlé%ﬁ@@whwﬁaaq lafgc}\oisplrvg DTS BHEH onome\pther
conpounds. st¢r0 2GR} WRirhairh @hmbdigRly Heldré Gsea ThaREbAPSsHIHE B9 URE Spdhallyt i bi t

protein degradation.in a cell conprise contacti n‘%@z} cell exhibiting
aggr esone {OBEHRRAEEYING 245nls 284 Y darE2 esmRssiting th tréaees the AGYE a phenot vne

of the cel ihgreﬂf@ﬁl{s?bﬂyf@gﬂé@%eh@ﬁly?fn 4 RRaiR PEARh VP e ladstrollibtifAbMe of the
efficacy of the conpound., Phenotypes of cells may be determ ned as

descri bed téPRAlky; injaglelayedmpprer ykamipleg of erabeddingypmperitinss ihisham keysedni ng.
The cel | 18 pbdfhercubdihcsCoRRMRY SaaMs ir@éﬁién??inuaﬁk% diehRAE pati ent
cells, nyeloma cell lines, primary ce cultures of nyeloma cell line. Cell
cul tures, 9oeapsalpipd & ifrappropiate,paith enstor owrd of thesgbobe desoribad] exeipientswi t h

stromal caphsgspr ot i - ol ER |F‘9 [ t he candi date
conmpound ﬁo %hg md?glﬁllfjfdrsé%tffy tgpglﬁfeﬂ%% S,tf3§¥>f§1§ CQ%P%?S?%BOV\A ng over
the cel |, Iavegtion(p)ineludephermicefiticolly-eecentable amalsionk,ovicpamolsions, aclptidsyi ce. One

naving t ndsnap Rt el ind eBErE dh udfol SRR, BTt PR AR BB Bl 5

one or nomeaygfontinsinett dilventseoumnenlyauspd pt thelart, soch @, forexagiple, aatedor e nucl ei ¢

aci ds may [ npl an RNA ok DNA .nol ecul.e i . Si RNA
or an ol | gsgf.%e‘ft%%Qlﬁ]?%L;:%tag%rftseanﬁleeﬁ?‘}l%%gs’r?ﬁﬁ}‘ "}Sﬁﬁjlyﬂéééft?gdg‘%"é’gﬁ %@Wﬁg@ﬂ rom
HDACGE, dy merbomate, tiytjatetats) bewny] albatips beisss berzodte, xaiyizhe glypsipt,3-deslegder i ved
fromthe C—lte{m'n S % ITIDACG ga i no %ci ds 439-503), ani no .acids ? 0- 790 of
HDAC 6, afiig>Su RrPHEIgs e *iﬁlgl/l%’é%‘}n Bt $R B Y& Rger 2pd Ageme etlHer

sui t abl e piptiolegrahpdrbfige alddBollysledthyl Eriendydog e TRiyicidl estdlAEGorb@anidd | ed by
by Yao (aa .439- 03%);@ the C-termnal TDAC domain (aa 500-790), the

ubi qui ti n-nB?‘WEﬁS%ber Z domain (aa 781-931); or the N-terminal 460 am no

aci ds. [00266] In addition to inert diluents, the oral compositions can include adjuvants such

as wetting agents, emulsifying and suspending agents, sweetening, flavoring, coloring,

perfuming and preservative agents.

80



[ 00292] Sui tabl e smal | nol ecul es include natural and synthetic products. The
nol ecul es may be contained in a library; libraries of conpounds can be
obtained cormercially (e.g., from ChenBridge, San Di ego, CA, or may be
prepared by known nethods (e.g., as described in herein). [00293] O her
screeni ng nethods for evaluating a test conmpound conprise contacting an
cel | exhi bi aggr, géeﬂsﬁ@f%aﬁl t9/hd Betfe biiboud BPK Athe luating

t he cell WF@&A ng ngl vl\)nerelgﬂ corrg atl?oon of gﬁ({}fést)%%g of one of
nor e phenom}qims suspendingapentesrc for %ﬁmée pﬁloaﬁafpchapﬁmlc#potﬂa,tpc’imw@éme
conpound i

[00204] The he sif Eibtan 3003 BRLRAUAELLANAL, Abh BetBvalchi BEblE. col
after an |agalr-|a@.raprktralgachmﬁ,andma¢hnremﬂlemnﬁh t he prot ein degradati on

i nhi bi tor initigal eri. of trea the time in which it
Lakes t o olb28; O PRanBEetd Bt iSRS BEAE VBTl BFpl ofRenfl, M0 SN LY
| evel of aaddieisaguntohay beq»rqsemaﬁas(afsupﬂsmwry,vwmm may be)prep:hed by méumgbnmirch it

takes for the subject .t.0.clear bst anti al er apeutic, or
s er + b Plab oGRS o p R e e b b BeE Bhrel  ©ha
i s rel evangarfi@s t&@ﬁsh@afommnple{, 06609 Diild?) Iﬁalﬁﬂﬂbzmle rgmbl atuppbsitorpwensi 0N | S
wel | swtedt scrg ,cg‘hengg’g libraries f E s whi ch nodul at e,

e.g., inhi Biipy! Fe-ged Whicgdssolig 4 TogR tFRPatues pu hﬂl”é‘?ﬁ rreppptEteand.o

modul at e atheﬂam@&mmeasnmés&w@&dv Fﬁlﬁ?éaﬂltﬁﬁn&eﬁﬁﬂehhe dohigsbgenpr subject. The
chemical libraries can be pept.i de braries eptidomnelic libraries,

cheni cal | yl0838H hesi ?@H‘PP‘ilB?f&roif the ProseRtdmsRGIHY wléar@ suitableigevagingbl ay
libraries, a@fifistdliol alsh ﬁmhfdé&léslsﬁ’iésqam @ﬁe&eéfaéo@ag ifastes, Ralfilor By Pept i de
synt hetic organl c libraries, etc. [00296]Librarieées screened using the

net hods offoph attﬁnéﬁ@mmﬁnawht%wrwmeclwﬂ%@eaﬂ\r@b? @PyoRsTete: ypes  of
conpounds. joMP! €5 DRlack AT folhl fiMAndr® hERHRGalih @pﬁ&;ng i th
t he net hods of "the I nvention 1 nclude, but are not limted to epti des;
random bi db¢ lngmmnés) inglude pewdnes sprsxsehmasenwﬁywmsmrmns Insinnn gblaselvtionss and
di pepti de ij

ol i gocar b}atc:[ﬁlésg%dg%%%b?x &) ?ﬂé’%g onat eQBF%gﬂftv%%?Anﬂszﬁﬁg:bg%g}é dlgrf)sﬁezrilrlel es;
ant i body |dobditipmsexith @Ehabodtppdmcaﬂwatqebtahhcemer andiwghahy presdrentives blififdss,ar i es
(preferabl gani ule libraries). In some enbodi ments, the
conpounds i e?l%%#h%rar bg %rgcgned are nucleic acid or peptide nol ecul es.
I n a non-|[DeAAL] ng ei’henqnh’menpsepﬁsted,e:rmnisemd lgels magromxinsin additian phagpodidspl ay
l'ibrary. | e .types of conmpounds ud t are not
o ven o R SR R b e p RSO G ARoRS VS ol 1y
occurring oalﬂ;lwa):ea(paﬂﬁinsﬁstgch tiggahthpcetialostsderivhidap ity langlyogs, of an no
aci ds, suc % mno hosg‘g 1 gCJ ds ]ﬁnd 7-.am naﬁphﬁsphori c acids, or
ani no aci d lcﬂ’éfi?i Rt tale apd ging Oxifle,OF BYXIIES theT99kal ogs such as
phosphor ot[téa72} es aB@lmBN%m sb@ym&%ntaaﬂm GIaSn tSY BétiRIung obthenat ural |y

occurring, dru ates, m ne, oni cat echol am pes, .t hronbin,
acet yl cholUysat ortﬁo 5’@‘?“&?‘&9?1?155 aﬁ?ﬁaﬁf ﬁB‘Fé@a’l"’é wningmdyygre sealciiRnosi ne,

sucrose, glidgesad p oA, gainﬁaﬁ@mthéde@ﬁmdne@s raf9 buPRIkioHAR OF

pr ot ei ns can also be used . in the assays of the invention.
contain customary propellants, such as chlorofluorohydrocarbons and volatile unsubstituted

hydrocarbons, such as butane and propane.

[00273] The compound of the invention(s) can be alternatively administered by
aerosol. This is accomplished by preparing an aqueous aerosol, liposomal preparation or
solid particles containing the compound. A nonaqueous (e.g., fluorocarbon propellant)
suspension could be used. Sonic nebulizers are preferred because they minimize exposing
the agent to shear, which can result in degradation of the compound.

[00274] Ordinarily, an aqueous aerosol is made by formulating an aqueous solution or

suspension of the agent together with conventional pharmaceutically-acceptable carriers and
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[00297]In a preferred enbodi ment, the conbinatorial libraries are snal
organic nolecule libraries including, but not limted to, benzodi azepi nes,
i soprenoi ds, thiazolidinones, netathiazanones, pyrrolidines, norpholino
conpounds, and benzodi azepi nes. In anot her enbodi nent, the conbinatori al

| i braries conprise peptides; random bi o-oligoners; benzodi azepi nes;

di versomer s .such hyd ' o nﬁg%',ﬁl; [ As 6H idgs; Vi nyl ogous
pol ypepti dggl?lﬁ?f’%g@%fﬁgga%de%%%%% t cs;&g(lr)l g%car b?ntgfgég pept.i dyl
phosphonat egaponadbirtigpitaliyliniledeaohidnicistizetantsdTwaensi Riw@pics.iop palyptaglencr
carbohydrate lLibraries. Conbinatori I I r : pgrerci al |y
avai | abl e E¥erD), ingogious %thﬁk?( =10 Fﬁ’ce ddlr%?r%%% ?ZSF glgff%ﬁ?%\ggﬁ a%bscow, Ru,
Tri pos, | Ngoids sSth asledysir®, budfesss eulisj speathemsugiratcohels.dAeivbieganerallligsi a; 3D

Phar maceuti cal s, . Exton,, Pefms | vani a; Martek Bi osci ences, Col unbi a,

Maryl and; Biearsd from dsotomic;sh “30%% eferred enmbodinent, the library is

presel ect eghosps)t hat Trfisde@alattheihaoé theaddddiadvantage af promiding canteellzll e f or

cel lul ar uptake. For exanple, .conpounds,are, sel ected fic
par anet er sdejiyery o4a FOIBBRunggf 'S‘F FW{‘T‘B’&&S go thg F’%‘g' %ﬁ“%b%‘ﬁﬁﬁ ji%%lﬁ%%n%@ mdE By
hydr ophi | T gisdopyin@Gi mm%%ragmmihegropwwmnmmimmmmcamwbmf
conpounds getting into the cells. In &g{i?t her ts odi nent hech ur)r(g}ouggs are
anal yzed bysed it mercefe ikeflixed fhe agHver BRrPLgntEResy 1B n‘cgﬁ?ﬂ{eeo s oﬁgutgﬁll on
prograns. & FNEnEQHNiMaE @ Fdt@onGBINRE weghblanb badiypersing ths ective immediemiance
with the rr[éc?]h%égs of the prnggéent i nventi gn may be synthesized. There is a
great i nt eingspolymer sypirih@tgek met hods directed toward the creation of |arge
col | ection smal | SRARRE GorAMROMNER oiftehts, Poddb® Ssolutidh€andans ik, he |
screened f@rﬂgfloﬂar rra(%’?aogl cg‘lﬁ):ﬁ.bi ol og’:jig?zfl of o%er activity. The synthetic
met hods apgplse emhtemplatedsmtbeing asthintbersiopaeiibe BVenioBr ari es are perforned in
sol uti on_ Ofogbint Ne 3 ioflcRRARSombodtions 8P1i8 ifehidh SURROIK parSkiafl- phase

synt hesi s it éasier to conduct nu -step reactions and to drive
reactions admiaBtioatcomprisei dnh ohingte opinpbersd dfshednecation(e)ds sombinglign withens he
easi |y added and, washe 2 r 1805 SiRRaquests Srpbase

conbi nat Orp%orgyhmggugcag%%ceﬁga% sSte?gé:{g?r%Fﬁg\%ﬁei sol at oh, purification and
screeni ng. disleeteine suspensionorentulsimhs;t dr stedile rovidens ivdichhayshe re¢rastityted ynta uppor t s

a wider variety.of organic reactions. Ld- j .
[00300] ConbFRauraR SORBBUG PEBPR Iy Bt (pLRASy SR Shiokiams, o
synt hesi zegyfitsd, Bactérhstagphutes wisicldeader itheefdrmulationSsoterae with thudloog,of 8, 619 t o

Kilcoin et al, ichis here i ncorporated by reference inits entirety.
U. S. Paten%nt%?gg?li’%t,%f?pa?(ggg %@&ﬂglwlﬁ%’si s apparat us capabl e of

hol di ng a pjogrsyl i t y ExbmpRA6L dutibly epRehsant abnguaeals kafriesywhick siag bof nul tipl e
di screte conpounds or for conbi natorj.al |.ibrarigs of co [ ]In
one embodi FERPYedipgepbamaatisa; comPRHAS AL §e TY5 g?rilmglélgle g'gtgggg’?%oel’sp%%?i n

(such as glycerol, propylene glycol, polyethylene glycol, and the like), and suitable mixtures

thereof, vegetable oils, such as olive oil, and injectable organic esters, such as ethyl oleate.
Proper fluidity can be maintained, for example, by the use of coating materials, such as
lecithin, by the maintenance of the required particle size in the case of dispersions, and by the
use of surfactants.

[00279] These compositions may also contain adjuvants such as preservatives, wetting
agents, emulsifying agents and dispersing agents. Prevention of the action of microorganisms
may be ensured by the inclusion of various antibacterial and antifungal agents, for example,
paraben, chlorobutanol, phenol sorbic acid, and the like. It may also be desirable to include
isotonic agents, such as sugars, sodium chloride, and the like into the compositions. In

addition, prolonged absorption of the injectable pharmaceutical form may be brought about
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solution. The nmethod disclosed in U S. Patent No. 6,194,612 to Boger etal.,
which is hereby incorporated by reference in its entirety, features
conmpounds useful as tenplates for solution phase synthesis of conbinatorial
libraries. The tenplate is designed to permt reaction products to be
easily purified fromunreacted reactants using liquid/liquid or

sol i d/ I'i quibgl gRhd1aGdn FRgents WEiCK BETRPAHISIPLEE QK eCMubiumGndtionsddeladd synt hesi s
usi ng the tengmate will preferably be smal| organi c nol ecul es. Sone
conpounds igplatihe library may mimc the effects of non-peptides or peptides.
I'n contrasiygagoF0! | dnRHAS Sasty/ B ERhe e RbreGAFR UAR! lefslde&ua@mv@w%é i braries,
l'iquid phase synthesis does not require the use of specialized protocols
for noni topbwgotton@fthndmamxmbsut@pﬁguw intramyseylaninjpctivs] THisprayde synt he5| s

(Egner et @}gﬁﬁ
Chem 60: Zggcémpli—ll tcrl?y eqs ofa] 4 u@é’eng@'?%fc emes(%%m?é%]ghs Ifg%%ggltmg g, 1994
J. Og. Chgeoer w@eriﬁla&iltyl\/é’hq@@rof@bwphonm Q@ drygrthendepSide mpon itswate dEd. Engl .

2L 1005, JRslch il By, B denchff Bosh T 0. PRy, Ak’ ©
264: 399; addaﬂdabmnptwnmf epamhiprall@p@8minBiteyed drug Keoh.is Slvemplished by dissokddg or

[ 00302] Conmbi nad%’[gitﬁl ounE i’é?rarl es useful for the nethods of the
present i NVERT %1 Y2 %ed on solid supports. In one enbodi nent,
a split syfioRssi s thjaadble depot €drme ate nodde H@ fermdng mgro&mhpsﬁledna@cmﬂﬂ d
suppolrtz dgrl n é f@gﬁintggte%ksﬁghﬁ%q%%@dblepis nrtsrgeal Zeo&g\l?{i I%gio gorrpounds
on solid s ‘BB%%“P ;

Ch:c meyer eDepdndxélngQ& rafts Oﬁdruﬁ\ﬁiﬂol)im&(é adhd tl&lﬂaturé»@%hﬁ@arﬁ@%%owl? 6 anﬁ

Subst ant | SPRYHCRe T HE Obirog B F baepREHES. PUmples Lot HRdeTeltilt ot hods
for synt hegélgined nﬁ&iﬂé'p@@(&ﬂio@dterk)' 438 pblyEShRRded)| Débot pRAbleFormIRIoRS AreONE

product is attached to each support, wll be known to those of skill in the
art (see, @sqprepaed by endfappipg i 2919% méﬁ@ﬁwemex/mwwm&lﬁ@ﬁa Which are compatible

| munot hi ogs6ep&eHAssay for ldentifying HDAC and TDAC | nhibitors [ 00303] The
present invention provides an immnofl uorescence-based assay for

i denti fyi n[:fm@@s]t ageiben the t:qmmAd:o%thampnnmmaﬁeﬁﬁmml%tw@asaé@mcwcakhe

i nventive dbﬁgg? fai i cetyl ated
tubulin and acetyl at %Xtecgl?by%%ﬂeﬁp%r ?%I?&g%%?glcgt gg&lriﬁftones) The
assay is peantdieing.£e1 examp leIl tG 9P. 5%émmefpy¢fn@blagféﬁt<s9(l°/ﬂaotf agtpiedngredient iy

i nhibit HD / cr| bed above, any type of
agent, i ncé%ﬁ%ﬁg?éﬁ%(ﬁaﬁ% u‘}tfe\cgl}ygécﬁgﬁr%égmﬂ i onol ecul es, proteins,

pepti des, [POR8Fucl edegadkss aftths l;outvwf ahemwlamltci@é,lthgcqrmuhdwﬁmi ve assay.
In certain, I e ce, .n_particul ar
enbodi nent s%q?ﬁgtsmci%m | ec ds Fes' aasﬁggtgé%?&gteéfw E{}lggﬂ glreg) h? %E)%%%tfrglal

derivati ve&mposmomctfahepmehudvmnh,&ue foheularlinto pirrneecchicallgraeceptabipounds  of

t he present Invention a . sial | nol ecul es

pur chased, 305?%:@ Sbytcﬁ)%e(P n &(}%ﬁ%ﬁg@%ﬁh@ﬁgﬁk@?p&ﬁ% I'ques, prepared

t hr ough co[ﬁbttht}t or i dlchehadsegd keyels acitimotoasse of admibisaativachfliecistivd st or i cal
chem cal coll n cert.ai,n enbodi ne t he test S are

o ool aeul BerTEHs 31 T ph Bt RSPz DL myshinnnsy b AR 8 feS ghtain

pepti des. douny®int @ﬁth@acueab@ehdmnmhﬁmewﬁtoagﬁmeswdeeu@pthwp@heotl des. In
certain enbodi nents, lﬁ test agents .are 5) 00304] e assay

i nvol ves C'GMROA oﬁ'@p%f' ¥ Rifie emugsitioniepd g9 thﬁﬁloﬁffw Bt hedng  agent

under Spectbiic@oﬂ:@@dﬁén'tOﬁﬁexéﬁk}ﬁax?la@@r&héé&ﬁl?ﬁl'dl@ﬁ@nﬁé&'rﬁ%e type of nedia,
concentratjon of agent, solvent agent 1s dissolved or suspended in, pH,

t enper at url@9285 ne o PrafeaBAdessief ﬂ@tcempq%lrcg thepyeption 2r thsarammitinestiony be

det erm nedth@)ﬁa&ﬂﬁmp@ﬁ{?}%(a‘ﬁ(%ntc&%n &ﬁ&%%&ﬁm%@@éﬁb&?&h@& HypErcASaAN. PR A d be
appreci ated by one of his art. After a determned tinme

i ncubat i orfhéFarEpauRd of g unVé@tmmo?dﬁbP present ipednition Hradminigeredat avaompnaatfmrrcsft
primary arEbeRﬁ()’O lqhé %Cz{bg& 100 mg per kilogram of body weight, about 0.001 — about 10 mg/kg
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agai nst acetylated tubulin and a second primary antibody directed agai nst
acetylated lysine. The cells are then contacted with two secondary

anti bodi es specific for each of the primary anti bodi es and identifiable by
a unique signal. In certain enbodi nents, the unique signals are unique

fl uorsecence signals. However, chem huni nescence, phosphorescence,
colorinetric tic i 0 terfrRBiafelt6 e aBB¥e-al so be
used. The %‘i%ﬁ%ﬁ%’ﬁ ea&éﬁ%@?h%ﬂ(g%fgg%\g?gf;} _Eﬁ?%éggfji es i s nmeasured and
opt i onal | yregjted vhlutsedrealsd mterdeddo e part ofithe mMedA®n. of ' MAC and HDAC i nhi bition
under the specified conditions with the test agent. Optionally, the extent
of inhibition is determned relative to a control in which no test agent
was added. sdeenpgidsalyn enbodi ments, the secondary antibody is |left out and

the primar nti bodjes are .uni quely | abgl.e ri Lt J d
(he br e 0002 B el i A0S WL Gkt
i n?/fantl ve ﬁﬁﬁﬁ:ﬁ)ﬂ-ﬂﬁl &plalistionpsndlye pdrtiaaraf D ihednveRign wrdgsievelbact eri al
cells, yeast ce

S, nNa lian cells,, nurine cell s, el s pmat e
cel|'s, or yreniae mefhods. :Eg?’n?)%mn}iféi@ﬁe.nilthe CEFTRP H’eglo & |%ﬁ§t§%&ef ﬁeelﬁg% s are
human cel |ﬁ}a@é&b&l%c|1§@é/en@cﬁ$ﬁﬂcﬁﬂﬁlfr0m an% tissue gr or gankjsystﬁm_ or be at
any stage of “devel oprent.. e cells may be derived from ir, nerve,
nuscl e, bol§8287d; gesgPW@l%&@Etb?dsd’éH}et%‘(?%P‘?fh‘Pgluﬁer %%qapil%ﬁ%eoglg\}/’g]gglé&? " bone
mar row, heglobe LA brednlof BincefRNS M'BRTellShREFowS, dbOsxamisledn awiti-whll alittsr
testes, ovarres, uterus, cervix, spleen, epdocri neﬁg%g.t ?m g)r ai sRi nal
cord, eye,orehips, fohexamplel 384ee)l pinte formes erin Chipg BN AT RCE QL ENF OBFILTEY ot a

cel | s, Pr OBABL IS TR, WPubuft, MAY| The Edls 8 beRAM dRMichied I aiclis amd € hurman
cancer celTs nes. Any type of cancer cell may_ he used. Oer{dgln exenpl ary

cel | | i nesplates| Thearatudatedpfith am}a@llm?cuhdibr%dﬁm){# gy AyRlsicecidthiTE:
el 0genoug, | eI RuddA el be Blusatthr ABACSHNIbANYAG! 38c6@ATEHn. FUBE RIS ancer
eu

| ung cancer, col on cancer, em a, |ynphonma, skin cancer, brain cancer,
cervi cal caacesbiasd trvechinbibitioaof oboraggreaeraeer Prefegsomeuylitiontaggss; Uneees

include |Vf %%%SQF ?égg?ag{%g%&%g%g P%\%;grypm diBusdehfeRin, [H3PexaBipte, nltifz806] The

cells are ¥ tissue culture plates (e.g. 384
wel | pl at es)d hisasheatdtgiatheh stase-sebhific@ntitmdich may ba vsedisad sicegnizid West agent at a

ecified concentration is, added,. 4l t.1 pl | t est
Sent rmy GoetEBEE geueRL gy Ml ofnbP BEGRAP 1o APT ad iR | €9

cal cul at i ofaephind.CHRIlY ad thipagh-Tles dre ten agpeett iniag unbibsgdéashicn. Thisaisaitbe daws h t he
cells under physioligical conditi fory 1- 0 ek - hours.
Af t er war dstor ?’Ff"é“Pi"e }’Y n?ﬂt%m?t?‘i on %@él?g&uoﬁeﬁ%n\g\?a@%go .cﬁ{f;hes(é{; r atlé:(keeé1 ug:tgl s are
i ncubat ed yichiht,ifheeximplephy ambiuit b6 flu@sscare, epgaicivdthfeontralsdbetektive] t ubul i n
and the other for_acetylated |ysine. The gntibodi na | or
pol ycl onal 2mquxt elfiyorgseeng ’iVFré)rﬂ @?er?“ﬁ% oéﬂﬁ a‘%’&fl{eo g?%g(gggea{ng‘g&#%% a
conmer ci al ,SQEd ff refdiBfecd FoBiathpRNAd Dairsisfortubadii erchbsigiyie dndDMSGamay be
fluorescent secondary_antibody. The %Ip?t gs ar.e.l.rrg el?d .and t he ftlfuor escence -
si gnal frowaed aneomtrels. Modecules BHEAreentlh BIRPEOTTRZE g?' onat ISt Tt at ed. As
woul d be appLEGHAbRGHPINIRPRerS Witk bbrtezbiblii eheaREMI-8188 myldisa cetljlinbe St ai ned

for other markers, such aS other grptei ns,. nu Iei(i afig coHtent .. DNA
content, RUA28Bnt entA tubylimssisciivssubdibeary paRiaeIor e cPRLes G LA SORAKEY Y hen be

used to calg ASSPO RS e£athHE She [itRarfed o€ bbrRndcriball 4eSiermben
est abl i sha(g e#%?%ﬁ?tg%?ﬁcti gn releat i%nshei ps to cafﬂ%ul ate the io of HDAC

to TDAC i nSMt uh.oPrg Let. 2081 BeapTia(26hé2 31 PeeearyyS T ebel- Kiie B¢ H8AC, etc.
[ 00308] They J, DY 63y by ' £ £ F008 AS €5, 00(8):4389-
hi gh- t hr O%&?@S.bé’ﬁéﬁ&%ﬁa&fﬁ%&i,ﬁUéﬁ&)ch@d@?@tB‘ B (8)

94. Epub 2003 Apr 03; and Haggarty SJ et al., Comb Chem High Throughput Screen. 2004

Nov;7(7):669-76 can be screened to identify additional active compounds.
[00289] Method for identifying a candidate compounds to inhibit protein degradation
in a cell comprise contacting a cell exhibiting aggresome formation with a candidate

compound, and determining a phenotvpe of the cell, wherein modulation of the phenotype is
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systens using nmulti-well plates, fluid handling robots, plate inmagers, and
conputers and software devel oped for high-throughput screening. In certain
enbodi ments, at least 100 test conditions (e.g., test agent, concentration
of test agent, type of cell, tenperature, length of incubation with test
agent, pH, nedia, etc.) are assayed in parallel. In other enbodi nents, at

| east 300

embodi ment Sgvr Bt bRRYREBeRRRYAY, PRl ot My WRldbIRN S | i
ot her enbodiesveihtdsherait, fbmamPlbwmnagshasqﬂondtldmnso screpningy dhie pall typgsal | el .

00309] Co L f
|[nvent } vem;g% ali)%éerser%g | ilSgge}i' gayl?lgcrlwéﬁ ﬁ%ﬁ‘?a{?té% E"]Ighlt"%ﬁhﬁd”"§ n&ﬂnz&? ©

—

n cer
enbodi nent s¢ll tilerass ayeloma Loslélind. dleﬂl(tahmrbi pnslpamuituncs ion hatisnt eslls mey beBIRC. | n

ot her enbodi the y o) ntl f s of
TDAC. Kits F@%@‘itﬁﬂ% o) salfier 8ﬁ‘e‘p°e§§/u @?e SR f%ngf%arysl?ee"gaatdhﬁé h%@gé’cg G
degr adazj i O?Oﬂﬁmd@fhelm‘i& Gmetm;lgtdthe Erehb dﬂabsﬂniﬂ;ﬂommvesthemalé, e, imar e
conmpound of the_ invention acin, 0 of F ) or
phar maceut ilatere) t}"“éﬁ‘c"e@?%p%‘g"é@g}éf’ POEYPS O’é“‘n‘ﬁ gﬂ 4"% Bhd

i nstruct i oRgentiff othk @pprdfiutd msﬂxﬁdsQfava&eﬂﬁﬁeﬂl%ﬁthﬁﬁ&ﬂsc[ld’mjeude dos ages,

adm ni stration routes, patient educational informati expi ration date,
storage con¥2®Pbns, tndidaierme)prales mey be qae prpere of fgma lgﬂn?]r?&‘ﬁg’ tl‘f%dg“bf t he

present '”‘ﬁﬁél&ﬂc(a&dcﬁﬁe&Qldi’c!éb\fds(i@ﬁﬂenfo}%@wuﬁm DA hetdculége. anOUNE S i N
the kits with har maceutlcall . acceptabl e carriers-or they may be provided

in bul k anﬁi}ﬁﬂ Pcally acceptable carriers. [00312] The

i nvention rov'ﬁﬁébﬁ &&ﬁﬂ?ﬁﬁ RIIRAS b Ak PR frsh MDA GaReut, i cal |y
effective armu fs of an a%pr ot el ﬁfdegr agaﬁtlon i nhibitor an d@ i

phar maceut |tﬂmwtyx areaperatsise Feraxpinple, paptidhs|/dgayrd. ﬁ%@@&a@@@éﬁofé&%éa tion is
formul ated f é %&8&3433[‘%)8? 3@% a%ﬁfa 58817 (%f AU(P Bnflo 22448 98RO3 dr3d R

protein de ation pac instructions to treat a
subj ect sufof éwlamgldacmle%os @khﬁepmtable@ep@eauphlé@ dierdlyadigbindingidemaii oSor der .

HDACSG identified by by Yao (aa 439-503); the C-terminal TDAC domain (aa 500-790), the
ubiquitin-binding BUZ domain (aa 781-931); or the N-terminal 460 amino acids.

[00292] Suitable small molecules include natural and synthetic products. The
molecules may be contained in a library; libraries of compounds can be obtained
commercially (e.g., from ChemBridge, San Diego, CA, or may be prepared by known
methods (e.g., as described in herein).

[00293] Other screening methods for evaluating a test compound comprise contacting
an cell exhibiting aggresome formation with a test compouhd, and evaluating the cell
follbwin’g contact, wherein a correlation of a modulation of one of more phenotypes to a
reference value is an indication that the test compound may be useful as a protein degradation
disorder treatment.

[00294] The method may further comprise determining a phenotype of the cell after an
initial period of treatment with the protein degradation inhibitor. The initial period of
treatment may be the time in which it takes to establish a stable and/or therapeutically
effective blood serum level of a therapeutic compound of the invention, or the time in which
it takes for the subject to clear a substantial portion of the therapeutic, or any period of time
selected by the subject or healthcare professional that is relevant to the treatment.

[00295] This embodiment of the invention is well suited to screen chemical libraries

for molecules which modulate, e.g., inhibit protein degradation in a cell, tissue or subject, or



[ 00313] The invention also provides kits for screening for protein
degradation inhibitors. The kits may include control conposition, for
exanpl e, tubacin and niltubicin for reference. The kits may al so incl ude,
reagents, for exanple, test conpounds, buffers, nmedia (e.g., cell growth
media), cells, etc. Test conpounds may include known conpounds or newy
Fli S coviar ednﬁfemmewpﬂ&otﬁpe Bs @éﬁaﬂ’fm{cd?creﬁmfbic?mttﬁme&k sdbjémg dl"ﬂe&ﬁexﬁfcaldﬂi(i;@?&ﬁ ngs :
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one or nor gcethbihdlR, AN Ghesy/RaiSneidshed uhﬁfr@ trAns{RioB-basek eidEEIRS, SthkPhiont he
determ ning of the aceylatlon state of tubulin), instructions for use, and
i nst r ument Beptide syadelieeiepng liBigHpe i sanpl es. [00315] One or nore of the kit

of the 'n\/ﬁm@«gn mxlﬁﬁldﬁeﬂéa%%ﬁg%tmcds bothe gfeeéﬂpi@en@nlshﬁ anﬂfrxs@ﬁsess' ng
the efficacy o protein S%Fgra atron treatnent may be package wth _ a kit

for treati vajiely Qfitymee pheompgredsa Examplas efdibmsies thabcanbe srseqned iy goperdange with
Procedur esy,e ?&Pﬁdm thOverldod %l%&eﬁxﬁ ale BVEhit &b tﬂég@@bs random biBMigdRREL MENS

wer e obt ai ne rompatients wt Mononucl ear cells ( MNCs) separat ed by
Fi col | - Hi pé;q@reomb@msachys Mnm;m@mz@msesas@dlp@mldéstvab'llqg@h%mplmmgdes,er m BM

ﬁglrslg;?Zd [ n?E%nElp%g &{Hgﬂﬁu eé{l § ne&gﬁ%(seg’l on%ﬁﬁ ‘gﬁ"ﬁaﬁsgp%@%sb tryp5| n and

0.02% EDTAhbramtmﬁboMthrudsj echobydrae libenies; iafidignaall molecuBelibrati¢siprsferabdit,i ent s
BM pl asma gel and BM st r.omal , cel | 1S) and
resi st ant S(C"ﬁqu'% aec & S |Sﬁléls§§/§%%mﬁm oﬁ’e gg%?bowd(}%%&b\f%é'WSt even
Rosen ( Nor dchoapst ape mollhctmdenpeptld&o]eagﬁ In thon—]ﬁﬁlﬁn@?iﬁnﬁq@pﬂﬁ&mwmﬂ WM
cell lines were, .obtaine Anre t Collectlo kville,
VD) 1L SRRt AR e entp ey b Gp e BpbtP A e e 2k
(Erl angen, blﬁ@]:’elﬂﬁﬂl)ﬂllted\@J Eptliasalops ixﬁ{;ﬁﬁl’fg paRMels tdRprizig xﬂﬁmwlymﬁrfne@ st ant
RPM - Dox40 ce nes_wer e pr.Qvi am on (Lee Mffitt
Cancer S PP R0 AP OB 385 YRR B M 5 Foln - 1640

cont ai ni ngphbg%bhea@as 4dYLdAEnS BRasphdricBSids, Dr eithoGoRIE h&dhg fdd-peplle lidkegtss, MO) ,
2 RM L-gl utanal ne, 100 UmM penicillin, and_100 Rg/ nl stfeptomcin (GVCO

G and | sl argleiogpid anpiqas gich as Plsosmghwa%%%‘%ﬁ hPinenst artiseti syhefip °‘6 (1
ng/ m). Mapailiyestubh@ 8ARs, Oplahs, QWphineWetdtdBl chieOHbIRARS, Hedniayy ( BM

aspirates by negative
acétylcholine, prostaglandins, organic molecules, pheromones, adenosine, sucrose, glucose,

lactose and galactose. Libraries of polypeptides or proteins can also be used in the assays of
the invention.

[00297] In a preferred embodiment, the combinatorial libraries are small organic
molecule libraries including, but not limited to, benzodiazepines, isoprenoids,
thiazolidinones, metathiazanones, pyrrolidines, morpholino compounds, and
benzodiazepines. In another embodiment, the combinatorial libraries comprise peptides;
random bio-oligomers; benzodiazepines; diversomers such as hydantoins, benzodiazepines
and dipeptides; vinylogous polypeptides; nonpeptidal peptidomimetics; oligocarbamates;
peptidyl phosphonates; peptide nucleic acid libraries; antibody libraries; or carbohydrate
libraries. Combinatorial libraries are themselves commercially available (see, e.g.,
ComGenex, Princeton, New Jersey; Asinex, Moscow, Ru, Tripos, Inc., St. Louis, Missouri;
ChemStar, Ltd, Moscow, Russia; 3D Pharmaceuticals, Exton, Pennsylvania; Martek
Biosciences, Columbia, Maryland; etc.).

[00298] In a preferred embodiment, the library is preselected so that the compounds of

the library are more amenable for cellular uptake. For example, compounds are selected
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sel ection using an anti body cocktail (RosetteSep Separation System

StenCel | Technol ogi es, Vancouver, Canada), as previously described (31).
The purity of MMcells was >90% as confirmed by flow cytonetric anal ysis
usi ng anti-CD138 Ab (BD Pharm ngen, San Diego, CA). Mnonuclear cells
(M\Cs) separated by Ficoll-H paque density sedinentation from BM aspirates
wer e al so vaseichnispectisd bdniesdrs bieh@s,tbat notBMitd tuysize, dipbphilid@lyShisdophdlieitpy evi ousl y

accor di ng 08 SR HSPYRe A Bes Ty R L e P s e oo B
| nhi bi t or Sinother embodin@ent) & dodotatis @RBdnalyRédiyeh edindnsidhdlior Ghur dandreivasli b was

provi ded by M Il enni um Pharmaceuticals (Canbridge, MA). HDAC6 specific
i nhi bi t or SCHRYET FPIEREALCR BT0E Sact i ve derivative niltubacin are obtai ned

from Broaqodzvs| i t ut ehdfontiardaticdiiboil Sblaly o8k iRRdoPaREARIIBE etoliSt i t Ut e

of Technology. Both inhibitors were djssolved in DVSO and stored at -20 C
until use.ofBMpresppitineestien may be synfhegiped: chgreiipp eipalcnisieaiin spahedis mathadsy i di ne

upt ake. Brdifky 10w GELlestidnDOlardOdiR s bYGhdl) orldli EconfoHRRL &ithd}ied 6 Wel |
t he f

culture plates in presence nedi a, Vel cadé and/or Tubacin for 48 h at
37C. DNA sWiielhessidsbeggrsenndden phermapplogBall piofagieal efiotleer p¢twity 1 Theargsmthetier ki n

El mer, Bo . : ' : : pawel 1)
during t hgﬁﬁg%q[s M@Qlﬁﬁ%ﬁ ﬁﬁ%e K%h#%ﬁﬁéﬁdﬁp*ﬁgg%e %rﬁ%rfra]lg % lrg/\%?{gﬁlﬁ%??‘glrlér:egé{ di n
triplicat ehasg Hevt dn a sohid bipporin Salédpliase synthesis Takesi ihéasisr toopdust frabii-steyf

bortezom or .tu 0 on |4 ..qr . e ing -
3 (4o i AeRROR e AR eeln b Gl it ol STIARSERSTEh ok (RARLATS,
abls or 3an c ?)ﬁ easélydfiic{dre}nb MSl'pe}dﬁw'ap a‘_ﬁlt_él%eaﬂﬁ&}cﬁioﬁ:etler ?cblidaﬂ}aé@clzdml:indtd)ﬁaﬂ efs ﬁgr ﬁ

pul sed w . 0 MIT.t0 e e or . as 0

Ul ur e, SRR B Yot s i nii g it BhRPacde Bl or bance
was neasurteditshal séRitionphase cigmistpappars phatavetiey of dpheic tdastion®ehan gelsd-Cor p.

Sunnyval ep%gge.c Al l experinents were performed in quadruplicate. Western

bl ot ti ng. heiir¥el I's were cultured with Vel cade and/or Tubaci n:

har vest ed;[oost8hed; aogbinyisesl cdfipoghd isares bOTht @resertt hvieliol hsy bdCImthpdiked. 4) ,
150 T N AP0, S TR B Mo BRRNCY o L I8 S
incorporated by reference in its entirety. U.S. Patent No. 6,190,619 discloses a synthesis
apparatus capable of holding a plurality of reaction vessels for parallel synthesis of multiple
discrete compounds or for combinatorial libraries of compounds.
[00301] In one embodiment, the combinatorial compound library can be synthesized in
solution. The method disclosed in U.S. Patent No. 6,194,612 to Boger et al., which is hereby
incorporated by reference in its entirety, features compounds useful as templates for solution
phase synthesis of combinatorial libraries. The template is designed to permit reaction
products to be easily purified from unreacted reactants using liquid/liquid or solid/liquid
extractions. The compounds produced by combinatorial synthesis using the template will
preferably be small organic molecules. Some compounds in the library may mimic the
effects of non-peptides or peptides. In contrast to solid phase synthesize of combinatorial
compound libraries, liquid phase synthesis does not require the use of specialized protocols
for monitoring the individual steps of a multistep solid phase synthesis (Egner ef al., 1995,
J.Org. Chem. 60:2652; Anderson et al., 1995, J. Org. Chgm. 60:2650; Fitch ef al., 1994, J.
Org. Chem. 59:7955; Look et al., 1994, J. Org. Chem. 49:7588; Metzger et al., 1993,
Angew. Chem., Int. Ed. Engl. 32:894; Youngquist ez al., 1994, Rapid Commun. Mass Spect.
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were subjected to SDS-PAGE, transferred to PVDF nenbrane (Bi o-Rad
Laboratories, Hercules, CA), and i munoblotted with Abs agai nst specific
proteins. Flow cytonetric anal ysis. For cell cycle analysis, MMcells
cultured for 24 h in Velcade (5 p,M and/or Tubacin (5 JAM were harvested,
washed wi th phosphate-buffered saline (PBS), fixed with 70% et hanol, and
treated W ¢.p. Hhyl.fq91585, 9 ARNGRS. @8@%&5&9&@&@&&1&% akja9p4, Scienet ma;pej is,

IN). Cells were then stained with i diumiodine (P, Sigm) (5 pg/ml)
and cel | capdIStevprayiq 47 @l w83 Rioeg dﬁ’lﬁ%‘r% 884k am M sof tware on an Epi cs
flow cyt OI"@hﬁfz (Coub%&%lnhmmh@%{nd 1tdlrﬁie%5taﬁﬂlfwthé fh@hods SHihontseaf Vel cade

and Tubac on-paracrine gromh in the 0 eval uate
growt h st i imunéion oan @Wﬂ@ﬁ%lmﬁ@}ld SHPAAVISc & P W@P&ﬁf atSBhtBWBb%“SIBeQOle4

M1 1S cel | Spr\\'folc pta.{'%ﬁg aﬁd}m%@oﬁ@ %%aﬁgrtsgcﬁl 96 e SPhAESS ishiRed lﬁ%yﬂheﬁi’é the

presence ot e an 5| s’was neasured” as descri bed
above. | mmlﬂnrbﬂy@ifbomg)unds on soliGetippsris (sk¢ eg. eI;Ialwenﬂ 8% Ehem ket 8F:4béttezor ni b

were harve S f C1 H
7.4), 150 iff @Q%ﬁl}%" L’éﬁ %%A%@W@z ﬁ)?%nﬂ% %,Sc edr_rli\/l PK/EF, 5
gu éj gé [ﬁédl ?gtpgpts EﬁFt)% Cs;g_ﬁchdlpﬁoﬁ;ﬂthgﬁmal hb;ar}ot:as rsubsltalnﬂmyl @edglelof kymprivad wgrg
- rapsfe r.ace o- Ra

Labor at or j &tchaddp i3 pustace. Cﬁgﬂm I&ﬁé ‘g FS(WP%%P uf‘ahospeg%%1 &%@(31)
\r/IMESE ern als Q&)bm?“msl mgﬁﬁgrddﬁdztﬁgatﬁmdd-tﬁ%ﬁﬁupmﬁewm lmtlmdwhjxsihnm,ofahﬁnyl at ed

i stone ace ate I st i phospho- SAPK (JNK),
caspase- 8 @5%&?@&@ @%fé‘pféé’g*- %97 zﬁ’&%&ﬁ*ﬁ‘gg‘%@ Si gngl i ng, Be\(/erl 3/ MA) ;
with anti-a-tubulin Ab (Santa Cruz Biotechnol ogy, Santa Cruz, CA); as well

as with anti-dynein Ab (Si gma Saj nt Lo i munopr eci pi tati on,
whol e cel | Inmugigfluarsigseeessaiion Meady g P {"‘r'd%%‘S(nhﬂél’ﬁéﬁ n Abs overnight at

4C, and t hﬁﬁhﬂiﬂc ubatygd pi@sérﬁ et R flovMdsal’ hhﬁuﬁﬁﬁbfb%&né@ﬁdﬁb@aﬁyﬂ)r

Bi ot echnol ogy) 'for 2 h at 4C_as in our priar

| munopr ecidgtifiing sesigeats wAdHRAS padpreiDA 1%%4%)’ ?'Ft’dm(h ﬁ%@ve\‘we BEEESti on of

HDAC6 and géég@i)rpt eﬂgﬁﬁb&%c a{rﬁ@&ﬁés%f dcRR1dd tiUNEGNG aENAated lysine (z e,a S cells
were transient transfected wi th HDAC6 "si RNA ( Dharmacon | nc. zeahaayette

CO) using maket for pessylatedhisionesdt Bemssaytis Rarticulpslyieefihig 1destifing Aeamp
(Amaxa Bi 35%)! 1tc§lf§5m.lé 'l—ﬂtﬂ]ﬁf §QH[S@TDA@)H ViBSeriC 1A sQRSer{bdBAbovEtnk Sde 3@

transfecti were subjected to Western blotting and MIT
assay, in tgest, mé@mﬁmdwmlmer%bm@i@meg proteins, peptides,

polynucleotides, efc., may be screened using the inventive assay. In certain embodiments,

small molecules are screened. In certain particular embodiments, the small molecules are
tubacin-like or are tubacin derivatives. In certain embodiments, the small molecules are
compounds of the present invention. The test agents may also be small molecules purchased,
prepared through traditional synthetic techniques, prepared through combinatorial chemistry
techniques, or obtained from historical chemical collections. In certain embodiments, the test
agents are biomolecules. In other embodiments, the test agents are proteins or peptides. In
yet other embodiments, the test agents are polynucleotides. In certain embodiments, the test
agents are polymers.

[00304] The assay involves contacting cells with a specific concentration of the test
agent under specific conditions. The specific conditions include type of media, concentration
of agent, solvent agent is dissolved or suspended in, pH, temperature, time of incubation, efc.
There particular parameters may be determined by the operator or scientist conducting the
assay as would be appreciated by one of skill in this art. After a determined time of

incubation with the test compound, the cells are treated with a first primary antibody directed
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Gowh of MMcells adherent to BMSCs. To eval uate the effect of

conbi ned tubacin and bortezom b treatnent on gromh of MM cells adherent to
BMSCs, MM 1S and RPIv118226 cells were cultured for 24h in BMSC coat ed
96-wel |l plates, in the presence or absence of tubacin and/or bortezom b.
After treatment, DNA synthesis was neasured by [311]-thym dine (Perkin

El mer, BOS%%%%QWIE@&@% e P&%&(ﬂ&}&m& dabedy &%teﬁ%é&mst MetylgaPgsiberent s

wer e perfo I'n""quadr ¥ icate,  Sta ical ‘anal ysis. Statistical
si gni f i carifte colis areltheh ewrem@swﬁbwrwgmdw aplibagios sesaifie dorcarls fdhe iRy

R b e e
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bor t ezom buntgie fansboeneckignplsi $hivevageclamilamieyesnes, glmsp@rqsh@cc;&plgusyﬁws of t vvar e

g(rjg?{ ?\r/ne( gng%g%lt&rfaﬁ°§?‘?8€°8‘éd§5’ﬁf é@?rorug erscf]ga cﬁslo\ll)%gg%zgh Ug%%&@ Tu aC| n

speci fi cal deYordagiaaiodass &4 ybatied ranmépmmmubqﬂanmtaﬁed to\@dtarmine thej ammynt of The

basel i ne e SSi s’ exam.ned in.sever

At hough MAPAS SR ihieitton et o e AR eSS TRE e SFht. iRy,

consti tut 'M@E&’ceﬁ’éﬂfrﬁ%xdﬁ%@ermﬁﬁﬂd}&eﬂa@é tba\éehtsolﬁl‘fwlﬂm%te&r@elﬁwadeddedl n

RPM - Dox-40 cells (Fig. 1A). Since tug0 |n i.nduc acet%/r%atlo of a tubul in

in A549 huleRriain Ay Rdifens, therondamang RO b leRrouband ik ARtfpdicpy

activity (lﬂﬁauebl1Q€e1ﬁf€oﬁfatantmcaﬁ&bﬁﬁld@um Quafiseadnon acetyl at | on of
a-tubulin in MM 1S and MM cel | s, Assownln baci n

signific anEOD§05] nduc é‘élymfﬁﬁli @ﬁy be used in g Pf}vﬁntm? aésaﬁogg %Qﬁg’ﬁﬁ BH P55 hi on
in both yspeddid FBP{Aa&%%Gb&%Ar aPeell¥ ;TeE!& 81152 bi@ Al AR mubk© beis rat

expr essi on | ortant nd ot her acetyl ated proteins were recognl zed by
Western bl Qﬁlbamglatesleﬂﬁ |oahum@seﬁlls§1awé>reesq9b§w i gmporigents, tha gelivefa uman40

cel I's (dat a0k ahay, ggg%ﬁiﬁg@ggsgmm%aﬁwatwp@ggerbfms assessed,

and show t peak acetylation of a-tubulin in
RPM 8226 cédvebpment] The ¢dllsguay@)derivaddome siie, hpir, rexyss Bwadle owss dighhivs tad: not

al tered by t L{Q,%? Tl dttrgcﬁ??]%gevegﬂaﬁo%e Mrfowﬂ'ﬂ)%%) 1r13m , liver, p!ﬁ‘lc?etaQ @ﬁmﬁ@l?tc)ﬁoﬁt 1on

has been a8%0¢ia obnent anci es$ 6, 47); conversely,
i nhi bi t or skidfieykj ‘tﬂaddmetad‘eawalyésasterus,sprve)s@pi?eraelpﬂoem%ﬂmgmn‘@wnt%Pé@ﬂ PRI

strategy %?82{8 e Das be nftg§@g§§£@%%&ﬂﬁgelggﬁm §§go§}dgegg&qyeg§ ln of a

hybrid pol rrpoun am ¢ aci d derivative
NVP- LAQB241Ix &ﬁ}unmsmﬂbdimnta,rm«: edivl agectiimantogneeStalls dinesh ey tergend cancer cell may

In(r)]n I\/i/lel iCtSB%‘ﬁJ&X R %]alérgé%eng)l a['?"ycgélbvlté%es i cﬁud% Gl le ?ﬁbﬁng rhoﬁ(i—ﬁ;d ﬂﬂﬂts'l E)IQ)EnaI ySi ne

150 exa n contr st to acin,
whi ch spec admmyélygenmumnmeﬂtML)abwast cariceaom,rtanlcampe( Pragtateldneet,dyng SAHA

triggers nore ent ac at| .ne_an t t han
a-tubulin f’q"—‘ﬁc@‘p Oi‘fj) can“lfﬁ EW&O&% Far Qraﬁ? cgg%b%?ﬁggcag%eﬁstl tutively
expressed kiombhan€e]Honk | bzﬁﬁSr amd Spéuitfic d:ellbﬁes mcls&eMMilS:,dﬁ%ﬁ RIPMIR22S6,

acetyl ation C rmng the specific inhibitory effect of
t ubaci n onDﬂ%&M?ﬁM6 fi«w’l@fcel | s. EXAMPLE 2

[00306] The cells are typically plated in multi-well tissue culture plates (e.g. 384 well

plates) and allowed to adhere to the plate before the test agent at a specified concentration is
added. Multiple concentrations for each test agent may be tested to establish a dose-response
curve to allow the calculation of ICsy values. The test agent is allowed to incubate with the
cells under physioligical conditions for 1-24 hours, preferably 4-16 hours. Afterwards, the
cells are fixed, blocked, and washed. The treated cells are incubated with the primary
antibodies—one specific for acetylated tubulin and the other for acetylated lysine. The
antibodies may be monoclonal or polyclonal. In certain embodiments, the antibodies are
obtained from a commercial source. The primary antibodies are then tagged with a

fluorescent secondary antibody. The plates are imaged, and the fluorescence signal from
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Tubacin inhibits 1VIMcel |l grow h. Based upon the specific inhibitory
ef fect of tubacin on HDAC6, next exam ned was the cytotoxicity of tubacin
agai nst drug-sensitive (MM 1S, U266, |INA-6, and RPM 8226) and -resi stant
(RPM -LR5 and RPM -Dox40) MM cell lines. These cells were treated with
tubacin (1.25-20 i.tM for 48h (Fig. 2A) and 72h (Fig. 2B), and
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MM 1R cel Imdcroa&ﬁem\m/ednyen(lm@xcaﬁant drgamelidspent.l y, no cytotoxicity in PBMCs

is induce ubaci ese results indicate that tubacin
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treated wi¥herngpsHpg multitgel] plapes. flyid lt?ndlzzatobqtf RS EREF SR comBEes 8B/ PARP

cl eavage 's%ﬁwag%%ioﬁeﬁ'f&h@t@m veBPtisEraidish. Ol berldiefiBotithdns, at1BRE SoctRita
strongly sugg}@st that tubadin-induced cytotoxicity in M cells is nediated
vi a caspasendisiger(denteshinsph eesicentratixaniest agentimecifisell.Aempsratyare; langih et i on of
ADACE wi t by, tion
of ubi qui t| nat ec}{%}lﬁ?g{éﬁg&% %&largkg\%?%%%@ ﬁraél%%%h@ﬁ?ﬁ%ﬁo?gﬁéé?%ﬁ v
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t o DNA damnagassgyedgeparallel.i e, nel phal an and doxorubicin) (29). It has also

been sho hsp XPr.ess ! om, b resistance
(30, 51) onvir sel #mﬁg‘ﬁﬁﬁﬁ%mhﬁ? t8%{3or éﬁgar&%g&m%%ghhgg&égi%@% in
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bortezom b_resi.st t. hav nstra
ol yubl qui EFhEH TR SEEtR ST s P IAGU A T SOPRB O S B SHEEHggr esone
pat hways (iBémify SAbific inhibitodRAT®ALONSt i tuti vel y bi nds bot h pol yubi qui ti nat ed
m sf ol ded proteins and dynein, thereby recruiting m sfol ded protein cargo
to dynein notors for transport to aggresones along mcrotubules (39). It
was exam nkik whet her inhibition of HDAC6 activity by tubaci n aI ters t he
interactio HDACG, with Ub and/o nein, HDACG is consi
coi rrrrunopr@gfl&llt at gghwntvﬂlt‘;ﬁ?&lpw&éedﬁﬂtf o HE e gPsEP desrpdpt s (Fig.
3B) and dysubjett. (It Gits BE&Y confiirise bnd tszaﬁtxamhpwnalafﬂﬁb@&htbxt&é thbaMri?-ﬁd 51. 1M
for 8h), co- |nﬁru]a£q&re0| p:[tat hon of HDAC6 wi gepﬁsénel is mar r}hl bited
in a dose-¢&p8 oA ) mﬁaﬁ@al&ﬁcmﬁ?ﬁ? B %&S P HDACS
and ubi qui dnid BakQEtidRE mr@b@mesnmattém&aﬂe ol gmchﬁs)iosagwadlﬁm@ﬁmﬁt%ﬁt@ﬁ t he
i npact of tubacin gn@y yubi qui tination of proteins. expect ed,

apy

pol yubi quiR¥IFE e é“if‘?tglag‘i’lg FEPITan optg, sipseanIFoRditiens; Wd’tcﬁu%%i)ét andihedifeed

RPM 8226 q@hingj hov‘@ﬁ@éomﬂﬂn@é Ghd preRA inbhRABYBanVRréREMAN HERPhibally eat ed
MM 1S cell's (Fig. estl n npensat ory ;l))r ot easomal deégradati on of
pol yubi qwetffeﬁta‘tﬁ‘éél%ﬁ tlléthﬁ its Wﬁb@gmfl’égftwl?@l}’élc%e@tal ledaeigreorthRytmaydgr adat i on of
pol yubi qu%@g&&quk%ﬁu&swh%ﬁ%&%aﬁmg@ spisblBhferdlependent on aggr esones
t han proteasones, consistent wth MIT data em)nstratl ng that RPM 8228

cel | s are [#2] sensiThe inentionlsb @edvides hagkagddwpmpssiter ¢ompriping thepapeutimly

| nportantl cally
augnent o asce i s ob AP EEloki feeridiho NG bRk LMY R 10

RPM 8226 aweiries or dibreptarihd paozkagdtdmmpoagmmts fammec(ﬂér geatiBER subfjbet seffarimgul t s
further i [a 0 |t|na cec oth

urcher ot Bl sl e BB AON Al POL AR AU AL SRRSO

si gni f i cartsubjectsotfbmitg fioom of sup@lpybllblthmpxtotamaﬂ@chdpnmt «hscnéerl n MM cells. EXAVPLE
4 Synergistic anti-MM activity of tubacin with bortezom b is nediated via
JNK- caspase acti vati on. Havi ng shown significant accunul ati on of

pol yubi quitinated proteins after conbined treatnent with tubacin and
bortezom b, exam ned was whet her conbination treatnent could al so i nduce
significant cytotoxicity in MMcells. expected, tubacin synergistically
enhances bortezom b-i nduced cytotoxicity in both MM 1S and RPML8226 cells.
For exanple, 5 nMand 10 ri Mboitezom b trigger 26% and 66% RPM 8226 cel |
deat h, respectively, which is increased to 87% and 91% respectively, when
conbined with 511M tubacin (Fig. 4A). To anal yze the mechani sm whereby this
conbl nat| on treat rrent rredl at es syner gl stl c ant| - MVI tOXI CI ty, next perfor rred
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To identify the specific role of HDAC6 inhibition nediating synergistic MV
cell cytotoxicity with bortezom b, MM 1S cells were transiently transfected
wi th HDAC6 si RNA, as previously described. HDAC6 protein expression is
significantly downregul ated by transfection (Fig. 4D); inportantly,
bortezom b significantly increases cytotoxicity in transfectants in a

dose- depen@gnt3) f ashiradinfrit®n akbprovides Ritfor meenmglmmaeinngladaﬁon active

carboxylic, acid tubacin analo does not .affect either acet n of
e bt 1 n eehorsa ERG manso e seBRr ey e Seaneed rHbEROh

bort ezom byefelide. PDkits Blafialsind Rl HehgenWelop e AR, Watkonfpolil] B2RE, sediks (data

not shown). These results show that 1nhibition of HDA speci fi cal | y .

augnent s b e @olb aropdh medivleeelleyaior best eamBPURds TV INESINPC RN SOMBBRES fF conbi ned
wi th bort mglsmaégﬁﬁﬁas St E%ﬁnbﬁié%o?xta%rﬁﬁésﬁéfb&nﬁé\{h&at' ent plasma
cells. ving show significant cytotoxicity of conbined treatnent of

t ubaci n. anl0BLHt ez odfits foressomsingthe efﬂcmsvfammt@méaegr@d@aml ﬁwé@rdwat@am@t@?f ect of

th nbi | . BM
(e, - T @8R AR ity FohAT AR 5} Qb BRL b BB b oL Ty
in the predsottedberenl(sgnoagaits footheebtarmmlng$fﬂwlaa¢}diatmo S'mebof‘ﬂ(b@hs), st ent W|th
MM cel | | dat a t ot B b t b kedl
ce i ne % ff”h Sf%na)&s%}m%%tﬁ?orc%@%&%%%? oitezonm b is markedly

augnent ed ’Ej’f/t an’t ly, no toxicity is
recogni zed[OﬂﬂlS]or malOneBMusresafniid ldtr ofithd ineattied rr(alibg packBjed together, fws next

exam ned the n| sm where onbi ned

speci fi cal ?Wgﬁe ggoréwwg?%iﬂ%aqyﬁ?w %?%%?daﬁn?%§??gmﬁ%ﬁa§ beBﬁ(ika% in
PBMCs. Bot witiPBMtgoraratifg\icsteiiegtadistibnfdisordet.ne same MM patient were treated
for 12h with tubacin (5 JIM. Constitutive expression of HDAC6 is
relatively higher in BMPCs than PBMC, inportantly, acetylation of a-tubulin
is markedly enhanced by tubacin in BMPCs, but not in PBMCs (Fig. 5E).

Ongoi ng stBHA®&IASe further delineating the nol ecul ar mechani sms of this
observation. EXAMPLE 6 Tubacin conbined with bortezom b inhibits paracrine
MM cel | grBxeimental Procédéreiave previ ously shown that the BM m croenvironnment
confers cell growh and drug resistance in MMcells (3, 30, 31), and next
st udi ed waBordmafrowchioorad cels@MBRCrenltures= DAC6 i nhi bition in the presence or
absence of bortezomb, in MMcells within the BMmlieu. MM 1S and

RPM 8226 cel | s Bidrspeaiméntsiweaeiobthingd Gom wetidntuwitt ENBEVorionudi¢re cgllsé@¥{ese or

b f K
Saheronce. FHUARARS HennBRte AR 306l RANSEAE D idhundiloMMem WA PR 1
cel I's (1. 78ltupes< VoheBth a@liélegxi ceam)wm@yemm c@gaapededcems WeR. Haere@j:bdil,n Hhank(, 01)

Egllgl] 6!{3 %yﬁgﬁereié?} g ﬁllumrl'nccﬁ” b%ég- égg] eln'? s | on V}(‘E I\/E%_%Lr%h.dcléﬁgged

by centrifugation.

-

Cell lines, patients BM plasma cells and BM stromal cell (SCs).

Dex-sensitive (MM.18S) and resistant (MM. 1R) human MM cell lines were kindly
provided by Dr. Steven Rosen (Northwestern University, Chicago, IL). RPMI8226 and U266
human MM cell lines were obtained from American Type Culture Collection (Rockville,
MD). IL-6 dependent INA-6 cell line was kindly provided by Dr M Gramatzki (Erlangen,
Germany). Melphalan-resistant RPMI-LRS and doxorubicin-resistant RPMI-Dox40 cell lines
were provided by Dr William Dalton (Lee Moffitt Cancer Center, Tampa, FL). All MM cell
lines were cultured in RPMI-1640 containing 10% fetal bovine serum (FBS, Sigma Chemical
Co., St. Louis, MO), 2 pM L-glutamine, 100 U/ml penicillin, and 100 pg/ml streptomycin
(GIBCO, Grand Island, NY). INA-6 cells were maintained with addition of IL-6 (1 ng/ml).

MM patient plasma cells were purified from bone marrow (BM) aspirates by negative
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| mportantly, tubacin significantly enhances bortezom b-induced inhibition
of CHJ-thym di ne uptake in adherent MM 1S (Fig. 6A) and RPM 8226 (Fig. 6B)
cells. The viability of BMSCs, assessed by MIT assay, is not altered by
conbi nation treatnment (data not shown). These data indicate that conbined
treatnment of tubacin wth bortezom b triggers synergistic selective-
anti-tuno rselac:tidnvjsing aagamnmﬂy chdidtadlgRlosetieBert Sa@alﬁtwm)tsteau Stehﬁetldbyhmkgres,o m ng
cell adhesion ne resi sIa to [ api e concl usi on,
Chese"r oo PEoDEr SR efBisEoR] RetToGRLs T By st VBV 2l aMuctie. anc
pr ﬁt easo rr&omﬁm’fedtwtmw dytonidridaialyeiz @sinp anti- e:me? Wb«BD)Phﬁm%A@hgﬂi@tmlegi ly I
enhances I t ot oxi ci t ro ra vvor or clinical trials
oot gned tefeiaieistesn il TYRNCe] Fabited vi Fisoanpiet SPmie soPbeiior o b

ther eby i M ayiifgsReld 48 used tC@mBlidiopMerm BM suMa@usr(Bmc%y;tag peludiphi bits
t he car bo%wgrm nal _dopai n of HDAC6, causi ng t ubul i n hyperagetyl ation.

Not abl y, Ph(2Radd) pil gxrstisiepts Wihaiatient spmplEnyere Rerfumed aqcopkingip dheone
acetyl ati %toéoh!@pﬁraﬁ@%%rth@fnbmnapk%wgomgel | cycle, or viability of A549
| ung cancer cell Tubacin is cytotoxic to nyeloma cell lines at
concentraqhmofseqw red to exert an effect on tubulin acetylation (Figure
la, b). Synergy is observed between tubacin and the potent proteasone

i nhi bi tor, bor trag peptiac GM%haagﬁ,}eas&nEé maorlw&tezd%%wakaﬂ%medb REferiRineCul es

in corrblnatlon have no effec e viability of peripheral blood
nononucl ed} #’%W‘?%‘FK@HP‘@%)MAThEPé%ﬁ’aclﬁﬁg’é@Pr @b?ﬂ”h@gll‘b‘ pen-agiivet oxi c
consequenGeriPitivk RiHubBAdieste Bbfain%!i %oﬁa%%@&’idsﬁt@ce"@'ﬁa%&d @ﬁvérk!i&} (‘iﬁ ar1d

investigation. Prelimnary data obtained M - 8226 I ne

denpnst r atMasgachpsetts Bigtate of Teelmolagsr Bah lthbmfﬁl a&e@cﬂlqﬁﬂ@@@n@ﬁﬁﬁ)@hd stotsdci n
(Figure 2g}.,PemiPys. experiments with tubacin at conparable concentrations
inrat astrocytes and striatal neurons have elicited features suggestive of
Russel | bqﬁyAgﬁthstlg on (Figure 2b). These data support the hypothesis that
HDACG6- medi at ed” aggresone formation i s nedi ated by the carboxy-term nus
deacetyl ase dOPRjiffeAith @a%qﬁeaaﬁe@bmmmlm ttkd BRag, 'MIODGEH’&I@’&' R des

Screeni ng met hods of the invention incélude a quantitative, throughput

i mage- bas éﬂelk)c}?@é@wcb‘?ﬂt@ah861’“’%1@!1]@6@iaé%ﬁtléﬁlelpﬁs%ﬁﬂﬁéﬂeqha,p‘i’f&@aée ﬁm/@mt with a

smal | nol ec le Libr ar§ hj ased for HDAC inhibition. Tubulin and histone
acetyl ati di %%%’Oé‘*éb 3t |%Dé\‘1‘iﬁ36’6‘tﬁs’é§”a§/§1ﬁés%%dé§’ [alﬁht Hd

cor r espon@eiith Bl ERANMASEAREACUIANL BAdIARin PAYTR (08" RiARRY Bidg) an

unbi ased fashi on on an autdmated Axon 50 A ep crosgope for
t he abi | i the last 8deai<é hrwitenss., AB ekpesinonts Wﬂnbmrfqmna@mtypmateon Control s of
trichostatin, tubacin and DVMSO were used for reference. Ml ecul es have
subsequentqlvwl%éﬂlikiﬁpl@ﬁ?ﬂswzed foll owi ng assessnent for direct cytotoxicity
and synergy with bortezom b in the RPM 8226 nyel ona cell 1ine.

Tubacin is t heTh inbibitgprediept ofborezomil andrmcubagin dsi VdF celltgaevgh an gsseBALG. At

| ow m cro QAtsr r@ﬁe[t tion and
mar ked an!tg? -k%;agil%l eraisl ‘8@%&8%3%’3%@ ?é #%g%ttiﬁg%&a%?{a}ﬁg%ery g?oma cel |
lines. |nabudiantons desotibediprevposhr(Bby GelsSiom %dscuwasm mﬁeﬂmﬂde&ﬂxbt oxi ¢

b1 00 monGHARLT RS L gEdu R AS sE e Sl PF S00l P enshll kel

t he robustomyihing 045 IeCf e@ﬁsoﬂfanadm@qnéasm@amoﬁhhmsﬂ@cb spBct@phot&@bibr | 1 N€S i n

t he presence of ro ronma, and interleul dn-6. EXAVWPLE 7
Char act er @B{ef‘blﬁrb@‘?"ui%go Véé‘“ﬁ?"ag%@ Ad dd} eosRenth e @erfpratedivh awedruplients s m of
mal i gnant

Western blotting.

MM cells were cultured with Velcade and/or Tubacin; harvested; washed; and lysed
using lysis buffer: 50 mM Tris-HCI (pH 7.4), 150 mM NaCl, 1% NP-40, 5 mM EDTA, 5 mM
NaF, 2 mM Na3VO4, 1 mM PMSF, 5 pg/ml leupeptine, and 5 pg/ml aprotinin. Cell lysates
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pl asma cel | s. Bi ochem cal purification of the aggresone. The
aggresone wi Il be isolated biochemcally in a panel of classical human
cellular nodels of multiple nyel oma. The presence of proteasonme subunits in
the pericentriolar mcrotubul e organi zi ng conplex (MICC) is determ ned as
di scussed bel ow. The expression of HDAC6 in each of these cell |ines has

al ready begdle vitfid 6t IDRY AR D PYDFRh&ReERS (BINREd LitMRat6RR} I OSONEeS

w Il be perforned as described20. Briefly, cells are harvested and treated
with cyt odiardes FAD aaf immaeadintied vathiAbs geginit yprsHicaEoteiRe cyt oskel et on and

m crotubul es. After cell |ysis and nuclear pelleting, centrosones are
purified DEloy cxlomepieanplesdl. ent and assessed for 20S proteasome content. The

ef fect of proteasone inhibition and protein folding stress on the

prot eosomal codeerll aytlermnaysis Mlicels eufred Saré hipVelafe o 1B¥) wndfehypardy .

Fl uorescengce.,.m croscopi etectl.on, of — r-esone
formati on?(%i“ n evyeﬁ%g?rz‘i Sée%f g’flsglﬁ%mtﬁ lel%slp lééatgig‘%fgftq?%%%gg@lﬁsﬁyé#{j %‘q?’h@/?or mat i on
of a vi mendthanok; afl @datddMAHCENIY/ A5 FNasAGRIChS DiggnbicaabipqindisnapsiseBeed by

fl uorescence m croscopy using antibodies_agai nst HDAC6, hsp70.and_vi nentin.
Exani nat i drellsivers Bemsiginedowith propidium jodine &Y. Wietw) by i/eheadeell sslegrefdes and
ol ecul €S GRUIcAindh 36 1B EkaR A6 ard bh 83 Bplth hbw dFlofleflt (Colitr a00r esOMe -
formati on I's augnented, as reported previously. ggresone formation
i n pati entlmgeumiolpgy, Higlshlo k) )4 s: The role of the aggresome in protein
catabolismin myeloma cells is determned in vivo, the effects of :

pr ot eas omeEferd oHPACHI € andi Dibacisronararag irediNheelf gyewth nghe BM.assessed in
patient-derived nmyel oma cells. Using an i nmunofl uorescence approach, the

structure and comyelsiteigenvthstimplationryd sigopingiis MY sekscadberenide BYSGodve. The
cel I ul ar rﬁﬁwqbsrc%u@&e@%&%ﬂ\gég fcsabf@d@mal tes P ROBI ROMELAS: 45T NY

fl uorescence m croscopy. ortezom b-sensitive and resi stant
pat i ent - deYéleasld andipt Bubaginl DNA. sprthedisieas mesirpdagdes¢rpied abdvebl ood nononucl ear
cell as controls. This analysis may establish the aggresone as a

pr ot eol yt i onthwndbleftirg.of cancer cell survival, and a determi nant of clinical
resi stance to proteasone inhibition. EXAMPLE 8 Determ ne the nechani sm of

HDACS- nedi at ed Geljgpdberfevitlotuleain env/or bortezogih werelherrestadicraskad, anklysedi s of
HDAC6: Ch ek i Zaki. 6 i Gat1r B, euang, 5t
afsiplipdid %ek.ggtnghamq{@r@ﬁ% F50dpRmAI! £ 8RR, 5 Mﬂ%@%ﬁgﬁg he

formation iIs done by geneti c and chemical geneti ¢ appro
cl assi cal N#i. duiMiNeaVéd, prdd EMPFad deim] (QPerdeCRIR) 1%/ 1 apigitpie Yorade ¢k mat i on.

One nethod will be to ck- i, | d-.t A nd transfegt cells with
o bace B e Ko S it bRe R B0E e RS RS SLE | 5 1
domai ns9. ubotaheies,dfepcudac@A), aind dmisnmbkottdd with lsp¥eiiic Abg (316 Wédstern blottiapf er i ng

RNA, preferab usi ng .. rately.transfect selecti nmut ant.s .qf h
eyt 1 ¢ Wiiern iSh e EHRCS Sel il AR Sl BRI RGN VB B uleniBET. |
over - expr eshquiith @), shosphbes AHKE GDIK)pdaspalsd 8 chspaserD, dibpadel 3, iafkdlP ARP b {€¢in
stress and_ aggresone forpati.on i,.s assessed w t ropriate _trichostatin
ond iy anoanbefEy VAT il dlior ARG SS (ablarsrof AR P e St A DACS
domai ns, WOAY, aasell EAWRK hifti-Bheth APIREha, ISBACLOWEINIOY. For inthintpredipitai, y does
not inhibit HD§§26. Pr ot eonm ¢ _anal ysi s _of protei n@ar gg:ts of. HDAC6: The
non- hi st or Veol§ sllfatates srerqippesated vitheaantir P oretyneirwds SpppisatHAsC.grd thsed i n

chem cal gaadhied SidPotBRATGINRH-ALMB (Barith ErisFoecNRL PRE 2Get k% 3t 8
treated with tubacin for 24 hours and |1ysed on culture di shes w thout

di st ur bi ngPWaErEudy 3 hi Ersupircidtates Heredhinybieged i Wepradiaténgliost ei n
targets. ARtRRbl HOAYALBIEHRNLL. fication detection schene is enployed using
the acetyl ated-1ysine rabbit polyclonal antibody, which is known to bind

NUMEr ous CPRlahkka tr EsBlcBbR 51 MIDATRANA ed | ysine residues. Sel ectively
Il '

acetylated targets w be determ ned by mass spectronetry. Cytoplasnc

lysates from t whRCigvehis faleqfinSighilySrALRcBd GRATESL @5 siRRQAV@haaloh GRCL €d Wi th
succi nimde, covalently nodifying non-acetyl ated | ysine residues. The

y
| ysat es arlefayetat@) using[{Cpll LireiNugldafpas? KM BAccowhngle powietees (nlaya a
functional carboxy-term nal deacetyl ase domain. The newl y deacetyl ated
| ysines are then covalently nodified with succinirnidyl-biotin for
streptavidin purification and mass spectronetric detection.
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EXAMPLE 9 ldentification of potent, selective inhibitors of HDAC6 enabling
the investigation of protein catabolismand aggresone formation in nouse
nodel s of multiple nmyel ona. Mol ecul es derived fromdiversity-oriented
synthetic pathways are used in in silico structure-activity relationship
nodel ing to ascertain nodul ar determ nants of selectivity, potency and

cyt ot oxi ci BipsyskefseGeilteesburg] MDAdstactibns {33 Pollowiestcamsfectiong MIM.&S keells were

ant i neopl asti c rget.. t .Rev er. 2004:4:349- 360 2 ito RR

Aoy csonpaSibierten B WEiremdions ad FEF Boar 476 kst prabicbee SELERGURD: Ko
2000; 10: 524-53 ohnsi.on JA CL, Kopito RR Aggresones: a cellul ar
response t 7Y "JM"B}%‘{"&F?{%F“?}O@&% Bi o|.p1993; 143:%%83- 1898 4. Junn E
e Ssonm e SRl Hen RS D SSHR oL 8 Dy RRS IR o, ¢
Ryaln MC, Twivk ?eb’lls%er@hﬂmmscﬁm\ﬂ;gﬂ @gmmumlk wareigmaé@g E@aengsmglscA

[ i cations r A pat hol ogy. robi o | S. ' 6: - . Ant on
Lg,p 3chube9qafe@%63§3f Diat?sf EOEShs FresaET o a\’aﬂénc et ﬁ@%@r %gmgz~ 5 PM

Real i ni  C, ywd3eaés BNAYntMsis VAR Mbafiked b3 PNEWIRNdinel BeridE e S dstoh MM A)

| ocal i zati on of proteasomal _degradation_of a viral: antigen. J Cell Biol.
1999: 146: 1upiakepas previously described (44). All experiments were performed in quadruplicate.

Statistical analysis.

Statistical significance of differences observed in drug-treated versus control cultures
was determined using the Wilcoxon signed-ranks test. The minimal level of significance was
p <0.05. The interaction between tubacin and bortezomib was analyzed by isobologram
analysis using the CalcuSyn software program (Biosoft, Ferguson, MO) to determine whether

the combination was additive or synergistic, as previously described (45).

EXAMPLE 1
Tubacin specifically induces acetylation of a~tubulin in MM cell lines.

The baseline expression of HDAC6 was examined in several MM cell lines.
Although MM.1S, U266, INA-6, RPMI18226, and RPMI-LRS5 MM cell lines constitutively
express HDACG, only low levels of HDACG6 are evident in RPMI-Dox-40 cells (Fig. 1A).
Since tubacin induces acetylation of a-tubulin in A549 human lung cancer cell line by
specific inhibition of HDACS6 activity (40), the effect of tubacin was examined on acetylation
of a-tubulin in MM. 1S and RPMI8226 MM cells. As shown in Fig. 1B, tubacin significantly

“induces aceylation of a-tubulin in a dose-dependent fashion in both MM.1S and RPMI8226
cells, without alteration of protein expression; importantly, no other acetylated proteins were:
recognized by Western blotting. Similar results were observed in INA-6 and RPMI-Dox40
cells (data not shown). The dose-dependent effect of tubacin was assessed, and show that
tubacin (5 pM) induces peak acetylation of a-tubulin in RPMI8226 cells at 12h.(F ig. 1C).
Importantly, expression of HDACS is not altered by tubacin treatment (data not shown).

Histone acetylation has been associated with development of malignancies (46, 47);

conversely, inhibitors of histone deacetylase represent a promising new treatment strategy
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tubacin (1.25-20 pM) for 48h (Fig. 2A) and 72h (Fig. 2B), and cytotoxicity was assessed by
MTT assay, as describe. Tubacin significantly inhibits both drug-sensitive and —resistant MM
cell growth, with ICso 5-20 pM at 72h. The most sensitive and resistant cell lines are
RPMI8226 and MM.1R cells, respectively (Fig. 2B). Importantly, no cytotoxicity in PBMCs
is induced by tubacin (Fig. 2C). These results indicate that tubacin sensitivity is independent
of resistance to conventional chemotherapeutic agents (dexamethasone, melphalan and
doxorubicin) and suggest a favorable therapeutic index in tumor cells versus normal cells. It
was shown that HDAC inhibitors SAHA and NVP-LAQ824 trigger MM cell death via
caspase-dependent apoptosis, it was studied whether tubacin-induced cytotoxicity is also
mediated via apoptosis. In MM.1S and RPMI8226 cells treated with tubacin (10 pM) for 0-
24h, time-dependent caspase-8/PARP cleavage is induced (Fig. 2D), confirming our MTT
results. These data strongly suggest that tubacin-induced cytotoxicity in MM cells is

mediated via caspase-dependent apoptosis.

EXAMPLE 3

Tubacin inhibits interaction of HDAC6 with dynein; when combined with bortezomib,
it induces accumulation of ubiquitinated proteins.
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(Fig. 3C). After treatment with tubacin (2.5 pM and 5pM for 8h), co-immunoprecipitation of

HDAC6 with dynein is markedly inhibited in a dose-dependent fashion, whereas co-
immunoprecipitation between HDAC6 and ubiquitinated proteins is unaffected (Fig. 3B).
Next examined was the impact of tubacin on polyubiquitination of proteins. As expected,
polyubiquitinated proteins significantly accumulate in tubacin-treated RPMI8226 cells;
however, no significant change was recognized in treated MM.1S cells (Fig. 3D), suggesting
compensatory proteasomal degradation of polyubiquitinated proteins. These results also
indicate that degradation of polyubiquitingted protein in RPMI8226 cells is more dependent
on aggresomes than proteasomes, consistent with MTT data demonstrating that RPMI8228
cells are more sensitive to tubacin than MM.1S cells (Fig. 2A, 2B). Importantly, combined
tubacin (5 pM) and bortezomib (5 nM) dramatically augments accumulation of
polyubiquitinated proteins in both MM. 1S and RPMI8226 cells, compared to either agent
alone (Fig. 3E). These results further indicate that degradation of polyubiquitinated occurs in
both proteasomes and aggresomes; therefore, inhibiting both pathways induces significant

accumulation of polyubiquitinated proteins in MM cells.

EXAMPLE 4

Synergistic anti-MM activity of tubacin with bortezomib is mediated via JNK-caspase
activation.

9%



29. Mtsiades, N., Mtsiades, C. S., R chardson, P. G, Poul aki, V., Tai,
Y. T., Chauhan, D., Fanourakis, G, G X, Bailey, C, Joseph, M,

Li bermann, T. A., Schlossman, R, Miunshi, N. C., H deshima, T. & Anderson,
K. C. (2003) Blood 101, 2377-80. 30. Chauhan, D., Li, G, Shringarpure, R,
Podar, K., OChtake, Y., H deshima, T. & Anderson, K C. (2003) Cancer Res

63, 6174 6177. Iigajv'mg"s'h%ﬁ Bgﬂﬁcan-{aocuﬁﬁﬁaﬁbﬁgﬁ%lwﬁqmﬁﬁeﬁ BFteins\ifter é@lﬁﬁ%&i T,

Chauhan, D., Ri chardson, ossnan , Munshi, N.

M t si ades, trdatment il ébssin ankbor@zoxp@@@@}nnmdow vihgther @@@aﬂs@mat@@t cpnﬂées hi e,
T., Chauh : des, C.,
Podar , Wulﬁg‘f'uce Eﬁﬁﬁ%&t y‘élwx}l'uﬁﬁd}s/ on, celéiyléf Mg% %%(gg‘r?os%glﬁ %@{L&kﬁ(@ooa .
Oncoge ne 2®ha1&3869r8%2@81b-1n®3:ed Bjrtotesiaityrin, both MMebSiamd RRVIS226 aellsafor D.
L oa b exfuptels LA o frenckhy fescfoo(RARER Db Bl |
Ri char ds o’rmsﬁecm@ly, “&h@gs fsreaded tcss7<mamm,seappcﬁwycwh¢m@mme@mﬂn@m 23,
0o U Aot e B
CRi - Bar | Ogdyﬁerg\ﬁ;tlc argx‘allx(@? &ﬁﬁblty,lnext ﬁnmhed cellSycle pagiting &t WM. 55 cel]lsr'thafm B,

aj | cumar, ) r kal ovi c ex Sle e D.,
O | owski , AD gloné qags Bt altpy °611|_°V‘?1‘%H’E°§iﬁ W%greaSAborfN %%'ag% Bopetis T.,
Essel ti ne,m&eaded(lmftd 3B5%) M phaamam. (B cell§Ca|§QD&ﬁﬁ“lpfbv1dﬁs sﬁdxesw%nder son, K

C. (2003) N Engl:--J Med 348, 2609-2617. . 36. K 2000 Trends Cel |
Bi ol 10, 5‘2’4’053@13’:@?00‘8@%‘@{‘{““@“’9“ berffzem g@rs 815135{%&] reaged & Kopi t o,

R R (2006(5)6%‘@ 308k subG0/8P hasgééls é’hgges &b@comlﬁtmlﬂtreatﬁ@zﬁmﬁéerss &

Sztul, 2002) Traffic 3, - awaguchi, Y., .Kovacs,
McLaurin, wozvtovgﬁ@bdeaﬁl (Fig. 4B). f@ﬂhmexw%waﬁexpmw@@fmﬁ OePPnSlSIfsﬁ toml 738.

cycle profile, tubacin does not trigger induction of p21c’.p !, Importantly, tubacin inhibits
induction of p21°P! induced by bortezomib (Fig. 4C).

Since accumulation of polyubiquitinated proteins induces a cell stress response, next
examined whether this combination treatment of MM.18 cells triggers activation of INK
(also known as stress-activated protein kinase), a hallmark of cell stress response, followed
by caspase cleavage, as described in our previous studies (9, 22). Tubacin alone does not
trigger phosphorylation of JNK or caspase/PRAP cleavage, and bortezomib alone induces
only modest phosphorylation of INK as well as caspase-9, -8, -3 and PARP cleavage (Fig.'
4C). Of great interest, combined tubacin and bortezomib treatment markedly augments both
JNK phosphorylation and caspase/PARP cleavage in MM.1S cells (Fig. 4C), consistent with
cytotoxicity assays (Fig. 4A). Other cell stress respoﬁée—related proteins (ie, hsp-70 and
Grp78) are also induced by this combination treatment (data not shown). These results
indicate that tubacin inhibits the G2 phase arrest induced by bortezomib, thereby facilitating

apoptosis mediated via stress-induced JNK activation, followed by caspase/PARP cleavage.

To identify the specific role of HDACS6 inhibition mediating synergistic MM cell
cytotoxicity with bortezomib, MM. 1S cells were transiently transfected with HDAC6 siRNA,
as previously described. HDACG6 protein expression is significantly downregulated by
transfection (Fig. 4D); importantly, bortezomib significantly increases cytotoxicity in
transfectants in a dose-dependent fashion (Fig. 4E). In contrast niltubacin, an inactive

carboxylic acid tubacin analog, does not affect either acetylation of a-tubulin (Fig. 4F) or
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10 nM). Consistent with MM cell line data, cytotoxicity in BMPCs induced by bortezomib is
markedly augmented by tubacin (Fig. SA, 5B, and 5C); importantly, no toxicity is recognized

in normal PBMCs similarly treated (Fig. 5D).

We next examined the mechanism whereby combined tubacin with bortezomib
specifically induces cytotoxicity in MM patient plasma cells, but not in PBMCs. Both
PBMCs and BMPCs obtained from the same MM patient were treated for 12h with tubacin (5
pM). Constitutive expression of HDACS is relatively higher in BMPCs than PBMC;
importantly, acetylation of a-tubulin is markedly enhanced by tubacin in BMPCs, but not in
PBMCs (Fig. SE). Ongoing studies are further delineating the molecular mechanisms of this

observation.

EXAMPLE 6
Tubacin combined with bortezomib inhibits paracrine MM cell growth.

We have previously shown that the BM microenvironment confers cell growth and
drug resistance in MM cells (3, 30, 31), and next studied was the functional sequelae of
HDACS6 inhibition in the presence or absence of bortezomib, in MM cells within the BM
milieu. MM. 1S and RPMI8226 cells were cultured with or without BMSCs, in the presence
or absence of tubacin (2.5 and 5uM) and/or bortezomib (2.5-10 nM). MM cell adherence to
BMSCs triggers increased [*H]-thymidine uptake of both MM.1S cells (1.75, p < 0.01) (Fig.
6A) and RPMI8226 cells (2.0 fold, p <0.01) (Fig. 6B). Either tubacin or bortezomib alone
inhibits BMSC-induced [*H]-thymidine uptake in a dose-dependent fashion (p < 0.01).
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Tubacin selectively inhibits the carboxy-terminal domain of HDACS, causing tubulin

hyperacetylation. Notably, tubacin was previously reported to have no effect on histone

acetylation, the transcriptional profile, cell cycle, or viability of A549 lung cancer cells.

Tubacin is cytotoxic to myeloma cell lines at concentrations required to exert an
effect on tubulin acetylation (Figure 1a, b). Synergy is observed between tubacin and the
potent proteasome inhibitor, bortezomib (Velcade), (Figure 1¢). Remarkably, these
molecules in combination have no effect on the viability of peripheral blood mononuclear
cells (Figure 1d). These data suggest a plausible cytotoxic consequence of inhibited protein
catabolism warranting further investigation. Preliminary data obtained in the RPMI-8226 cell
line demonstrate an increase in cellular ubiquitinated proteins with tubacin (Figure 2a).
Previous experiments with tubacin at comparable concentrations in rat astrocytes and striatal
neurons have elicited features suggestive of Russell body formation (Figure 2b). These data
support the hypothesis that HDAC6-mediated aggresome formation is. mediated by the

carboxy-terminus deacetylase’domain and ascnbe a mechanism for tubacin cytotoxicity.

Screening methods of the invention include a quantitative, high-throughput, image-
based screen of cancer cells treated in 384-well plate format with a small molecule library
biased for HDAC inhibition. Tubulin and histone acetylation state-specific antibodies were
used and recognized by corresponding fluorescent secondary antibodies. Wells were scored
in an unbiased fashion on an automated Axon 5000A epifluorescence microscope, for the
ability of cause potent, selective tubulin acetylation. Controls of trichostatin, tubacin and
DMSO were used for reference. Molecules have subsequently been prioritized following
assessment for direct cytotoxicity and synergy with bortezomib in the RPMI-8226 myeloma

cell line.
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lines has already been validated by immunoblotting. Preparation of the centrosomes will be
performed as described®’. Briefly, cells are harvested and treated with cytochalasin D and
nocodazole to depolymerize the cytoskeleton and microtubules. After cell lysis and nuclear
pelleting, centrosomes are purified by a sucrose gradient and assessed for 20S proteasome

content. The effect of proteasome inhibition and protein folding stress on the proteosomal

content of the purified aggresome will also be determined.

Fluorescence microscopic detection of the aggresome: With aggresome formation,

intermediate filament reorganization occurs with the formation of a vimentin cap at the
centrosome; Aggresdme formation is assessed by fluorescence microscopy usiné antibodies
against HDACG6, hsp70 and vimentin. Examination of myeloma cell lines treated with
proteasome inhibitors and molecules causing misfolded protein stress will determine if

aggresome formation is augmented, as reported previously.

Aggresome formation in patient-derived myeloma cells: The role of the aggresome in

protein catabolism in myeloma cells is determined in vivo, the effects of proteasome and
HDACG6 inhibition on aggresome formation is assessed in patient-derived myeloma cells.
Using an immunofluorescence approach, the structure and composition of the aggresome is

characterized as above. The cellular reservoirs of monotypic are examined by
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phenotypes indicates efficacy of aggresone inhibition treatnent. 16. A

met hod of selecting a subject with a protein degradation disorder for
treatnent with a protein degradation inhibitor, conprising: determning one
or nore pEXANMBER frent phenot ypes, adm nistering a therapeutically

ef fective ambunt of a protein degradation inhibitor to, the subject;
Determine the mechanism of HDAC6-mediated aggresome formation. '

Structure-function analysis of HDAC6: Characterization of the enzymatic domain

relevant for aggresome formation is done by both a genetic and chemical genetic appro_aéh
using the classical ubiquitinated-prbtein model (DF508 CFTR)® of aggresoms formation. . |
Oné method will be to knock-down wild-type HDAC6 and transfected cells with an HDAC6
protein mutated in both amino- and carboxy-terminal deacetylase domains®. Another

approach is to knock-down HDAC6 with small, interfering RNA, preferably using separately

transfected selective mutants of each enzymatic domain.

Chemical genetic analysis of HDAC6: In DF508 CFTR over-expressing cells, the

effect of tubacin on ubiquitinated protein stress and aggresome formation is assessed with

appropriate trichostatin and trapoxin controls. Trichostatin is a potent inhibitor of both
HDACS6 domains, whereas trapoxin is a potent HDAC inhibitor, which uniquely does not
inhibit HDAC6.

Proteomic analysis of protein targets of HDAC6: The non-histone targets of HDAC6

is determined. Two approaches grounded in chemical genetics and mass spectrometry are
used. Adherent cells are treated with tubacin for 24 hours and lysed on culture dishes without
disturbing nuclei or microtubules, enriching for cytoplasmic protein targets. An antibody-
based purification detection scheme is employed using the acetylated-lysine rabbit polyclonal
antibody, which is known to bind numerous cellular proteins with modified lysine residues.
Selectively acetylated targets will be determined by mass spectrometry. Cytoplasmic lysates
from tubacin-treated cells are prepared as above, and reacted with succinimide, covalently
modifying non-acetylated lysine residues. The lysates are treated with purified HDAC6-
H216A, which possesses only a functional carboxy-terminal deacetylase domain. The newly
deacetylated lysines are then covalently modified with succinimidyl-biotin for streptavidin

purification and mass spectrometric detection.
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determ ning the one or nore phenotypes after an initial period of treatnent
with the protein degradation inhibitor, wherein the nodul ati on of the one
or nore phenotype is an indication that the disorder is likely to have a
favorabl e clinical response to treatment with a protein degradation
inhibitor. 17. The nmethod of any one of clains 1-16, wherein the protein
degr adati opXiamMmilE 9 or is selected fromthe group consisting of tubacin,
bortezom b, SAHA, R115777 FTI, 166Holm nun-DOTMP, arsenic trioxide, 17-AAG
MG132, sapljeatigedtiona gofelrt, s€10&H e inhiBitors o LHIRAICE0Mh ablingtithy idveeti@ikios bfi N5 1- 16,
wher ei n thﬁrdlélﬁkﬂaﬁoﬁbﬁﬂﬁrﬁﬂ@éﬁr%ﬂeﬂ’bﬁbﬂﬂdﬁrm it dnbaeli bAGhRItiplelByeldhie. met hod
of any one of aweknﬁ_ s d ereln thelgr tej,n degradati on %rb}tor is of
the forml a: Sty derive P8 dvemity ORI R IAEVeYS Alsdioed el
unsubst i t ugR@turdaARER %ﬂatibhstgﬁﬁ{oaé]ﬁx@%ias@éﬁaﬂhﬁbdﬂar de¥Ehinent® bf REYGVilyC,
substituted or ubsti t ut branched or unbranched heteroalrphatrc
substltuteHﬁ@FYdﬂiﬁH%@¥¥ﬁﬁed branched or unbranched acyl; substituted or
unsubstituted, branched or unbr anched aryl; substituted or unsubstituted,
branched or unbranched het er oaryl ; -Eﬁﬁgﬂm61r=0)RA; -CO2RA; - SRA; - SORA
-S2RA; -N(RA)z; -NHC(O)RA; or - C(RA)3; wherein each occurrence of RE;, is
i ndependently a hydrogen, a protecting group, an aliphatic noiety, a

heteroallp an acyl aryl npiety; a heteroar
noi ety; al %mgﬂ{gt)ﬁw&%@f‘c?rwﬁ é?%?Pgﬁfcd”gQWﬁG{eVa(FW?ra?ﬁoﬂd 349-
di al kyl am sgp het eroaryl oxy; or heteroarylthro noi ety; R2 is

hydr ogen; hal ogen; cyclic or acyclic; substituted or unsubstituted,

branched o2. KeHARRNEEr@bnE aidilion®peis sndqrroteetég%eg@uoﬁ.uneﬁdsteéu@otor
unsubstrtu§%ﬂlobranched or unbranched heteroaliphatic; substituted or

unsubstitu barched or unbranched acyl ; substrtuted or tnsubstitued,
br anched § branﬁgeg gééBKLSUbStI ted or %ubstltuted branched or
unbr anched>h ar 0 gresopyep grsellulanyespongene migipided - SoRp:

- SC2RB; - NeBteins N &8) Biol. -m@{:(@mg 1808 - C(RB) 3; wherein each occurrence of RB
i s independently a hydrogen a protecting group, an aliphatic noiety, a

het er oal i ptnatunﬁ HTDI:eES‘,S{ Su&ﬂ]’BQMburHalh@W F&ﬂm@b’.déhmﬁlah&I s algEre%tﬁﬁeﬁ aa&foy |
yl am no,

noi ety; alkox r aIIc |t hiq; anm no,

di al kyl ani Pf8t é%@gf%‘?”& h%tzg% ¥7y47t8ﬁ9 -47%di ety: and R3is
hydr ogen; clig c ted or unsubstituted,

br anched o$ alhﬂ‘g i{da‘éMé ITQ& g‘XchlE‘tofeé )?@Iaf"dm"éad’é’élt“il A EHREY
unsubsti t uinqmicattuhaﬂﬁrmdrm p&ﬂ&ﬁ@nmedbiaeber oBbigY3atde0; substituted or

unsubstituted, branched or unbranched acyl; substituted or unsubstitued,

br anched o6. Alﬁlbﬁ agcbasibat vl Bacﬁbh%th&tdﬁt@lleOWebk@m t(ﬁtbb'ei Eday PhaRrRehag cor
unbr anche tero CN. - SRc: -SCRc

-S2Rc; - s LeIRPT 3623 mmlrc%)ﬁfcé'delm’ Tetf%glglar \Rﬁaé‘rzé??? Qafé’éi‘ﬁeaé%r&%}r rence of Rc

i s i ndependtnidhfiororaelengERen. 3 CRIBEACHIODI4GN op24 an al i phatic noiety, a
het eroal i phatic noiety, an acyl noiety; an aryl noiety; a heteroaryl

noi ety; al KoSatciaaviyth meboamgbtsbw EJ as“zwllEBI @hara&mrﬁ@uo@dnmbaml&%f
di al kyl am no, hetgﬁgaryloxy heteroaryl har maceutical | y

accept abl eaggas?nge at&@rt]y\;zacty‘rqlsgléc gﬁ%—lc@mera J Cell Biol. 1993 146: 1239p 1254

8. Dul JL, Davis DP, Williamson EK, Stevens FJ, Argon Y. Hsp70 and antifibrillogenic
peptides promote degradation and inhibit intracellular aggregation of amyloidogenic light
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HDACS6 regulates aggresome formation and cell viability in response to misfolded protein
stress. Cell. 2003;115:727-738
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20. The net hod of any one of clains 1-16, wherein the protein degradation

I nhibitor is of the fornul a: o R1 and pharnaceutically acceptable
derivatives thereof; wherein Rl is hydrogen, or an aliphatic,
alicyclic, heteroaliphatic, heterocyclic, aromatic or heteroaromatic
noiety;, nis 1-5; R2 is hydrogen, a protecting group, or an

al i phat i c, 1al Hidyshihz T, RictiaedsoaP| GhaihbeD, Pabrebetia Wil Eltiot: 27, atns §, Afiderson
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18. Haggarty SJ, Koeller KM, Wong JC, Grozinger CM, Schreiber SL. Domain-selective
small-molecule inhibitor of histone deacetylase 6 (HDAC6)-mediated tubulin deacetylation.
Proc Natl Acad Sci U S A. 2003;100:4389-4394
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Xis -0-, -C(R2")2-, -S-, or -NR2A-, wherein R2A is hydrogen, a protecting
group, or an aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic

or heteroaronmatic noiety; or wherein two or nore occurrences of R2
and R2A, taken together, forman alicyclic or heterocyclic noiety, or an
aryl or heteroaryl noiety; R3 is an aliphatic, alicyclic,

het er oal i phiatCasoraeLEMitohisbn &), Idn Qratrovelactireoldrisioncaleaeiydaserihiitprs inad
Y is hydrogep.or an aliphatic I cychi heterqad i phatic, heterocyclic,
aronatic dﬁb %%83?%%%??%6ﬁ%ﬁ%ﬁ?@’ﬁ&ﬂf@@43§ﬁ§%3§%f any one of clainms 1-16,

wherein t ot el adatj Qn_ i nhi Bi. .S f t.hesfo . 22. The
met hod of %&%ﬁg"fw SRR, S i%“,h"\% 2‘?‘%‘?‘%"%"#@2’@8@?‘% L gé‘%"é VHaF SE o
i's a conpoHDACH dehetymask activiky links the tubulin cytoskeleton with immune synapse

organization. Immunity. 2004;20:417-428
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23. The nethod of any one of clains 1-16, wherein the protein degradation
inhibitor is of the fornmula: 24. The nethod of any one of clains 1-16,
wherein the protein degradation inhibitor is a conpound of formula: R2
wherein, each X is independently 0, S, CH2, or NR3", Yis 0, S, CH2, or
NR4; Ari and Ar2 are each independently an aryl group; Rl is a | ower alkyl
group or 3. ar Hideghi@pT., Podar, K., Chauhan, D., Ishitsuka, K., Mitsiades, C., Tai, Y.-Z.,
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R2 is hydrogen, a |ower alkyl group or an aryl group; and R3 is

hydr ogen, a | ower al kyl group, an aryl group, an al kyl carbonyl, an

al koxycar bonyl group, or an am nocarbonyl group. 25.The nethod of claim 24,
wherein, X is for both occurrences 0; Yis S; Art is phenyl or substituted
phenyl; Ar2 is heteroaryl, nore preferably optionally substituted oxazol yl;
Rl is phemd. orume$ D, Meed. [Hacmyl.., CollingwgudeT &¥ aBhyer,4A aBeuppHY ISAI, iYL Bt ed

phenyl; R2 is h en. 26. The t hod of clains 1-16, wherein the
propein_degradé%%%ﬁg?ﬁhfb&pég4%¥%ii%éﬁét£%§'enzynatic activity, thereby
' nhi bIting, A00T SN BPd &t RoBh)Y Ll Bt Rl 215,
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49, Mitsiades, N., Mitsiades, C. S., Richardson, P. G., McMullan, C., Poulaki, V.,
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V. M., Marks, P. A. & Anderson, K. C. (2003) Blood 101, 4055-62.
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The contents of all references, patents, and patent applications cited herein are hereby
incorporated by reference in their entirety. The contents of Appendix A (25 pages), attached

hereto, are hereby incorporated by réference in their entirety.

Other embodiments are within the following claims.
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27. The net hod of claim 26, wherein, the protein degradation inhibitor
inhibits the CG termnal aceylation activity of HDAC6, thereby inhibiting
aggresone nedi ated protein degradation. 28. The nethod of claim1-16,
wherein the protein degradation inhibitor is an aggresomne inhibitor. 29.
The nethod of claim1-16, wherein the protein degradation inhibitor is a
prot easone inhibitor. 30. The net hoddimsl ai m 29, wherein the proteasone
inhibitor is one or nore of bortezom b, M3l32, sapojargon, or NPI-0052.

31. The nethod of any one of clains 1-16, wherein the protein degradation
i nhi bi tor WahatispRRidddse derived from HDAC6, dyenin, an N-term nal peptide of
HDAC6 or C-term nal peptide of HDAC6. 32. The nethod of claim 31, wherein
the C-term nal HDAC6 peptide is sufficient to nodul ate a phenotype of a
cell. 33.1The AelhRd oplreay agﬁbjeét@ﬁﬂf&myfro&ﬁ@r suhRpEil ot oeieRghIARn S

bi ol ogi cal or clinical sequelaein response to a fg@srtl cul ar treatnment or

conpound, SRERFECTIPHPBEBURISEIEE % Swl?@a’t ingpehihercolsiherapsnirally s8¢ Biis, bone

pain, i mm&ﬁ@qﬁ?tbﬁﬁ%&i’ndé iod iAgMESL ci ency, hypercal cem a, aneupl oi dy of
mat ure pl asna ce per centage of malignant cells, acetylation state of

t ubul i n, apopt osis of mature plasma cells, |evel of aggresones in mature

pl asma ceI a l%’&f gédglsq

associ at i on Wi !{-@é yr%@n&#%a%ngfﬁbée}&&t% (felgl% ce i ek%aa\gle?iﬁs of

ubi qui nt i nptoéiferaiicodisordsr mmpraitemr@pwlmsom@rl s, level of caspase-8 in
mature plasma cells, level of PARP in mature pI asma cells, thym di ne uptake
in mature plasma cells, dilated ER ci stenae, aggregation of mature plasm
cells, depdsit sTiafmethvdofaidinlRivhersinithe cellblar projfifeasivn disetdesis caet. y| at i on
state of non-histone proteins, global ubiquitination state of the cellular
proteins, state of cell cycl e regul ation, necrosis, markers of apoptosis,

apopt pSi s gtat Tescﬁed ofcﬁ éoggr ma‘t hollncer e % Ieﬁqr'r:ﬂol%g lﬁtlélle fgﬁﬁbr ane

protein reéecepto i BHo p05|ts or
gl obal aceleykatiadpmphdai® behstecahder) larg oanceexrtdlawebdmbxar proteins. 34. The
met hod of claim 33, wherein a decrease in one or nore of |evel of
aggresones, thronbocytopeni a, neutropenia, osteolytic |esions, bone pain,
i mrunodefi ci ency, renal insufficiency, hypercal cem a, aneuploidy of mature
pl asma cel bs, pEirecesihabef ddimaivhemirthe cekdrss muliypted Mysdemaipt ake i n nmat ure
pl asma cells, level of full length caspase-8 in mature
6. The method of claim 2, wherein the protein deposition disorder is Wilson’s disease,
spinocerebellar ataxia, prion disease, Parkinson’s disease, Huntington’s disease, Familial
amytrophic lateral sclerosis, amyloidosis, Alzheimer’s disease, Alexander’s disease, alcoholic

liver disease, cystic fibrosis, Pick’s Disease or Lewy body dementia.

7. The method of claim 1, wherein the protein degradation inhibitor is a combination of

a proteasome inhibitor and an aggresome inhibitor.
8. The method of claim 7, wherein the proteasome‘inhibitor is bortezomib (VELCADE).
9. A method of treating a cell exhibiting symptoms of a protein degradation disorder

comprising administering a therapeutically effective amount of a protein degradation

inhibitor to the cell.
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plasma cells, level of full length PARP in mature plasma cells, or
aggregation of mature plasma cells, indicates that the treatnent is

ef fi caci ous. 35. The nethod of claim 33, wherein an increase in acetyl ation
state of tubulin, HDAC6 ubiquitination in mature plasma cells, |evel of

cl eaved form of caspase-8, |evel of cleaved form of PARP, necrosis,

acetyl ati ofp, st atiR dhdaFehis DORNRerfih el $s o @F hidteAdr 2Bl Gdintd A8EQR a' evel s,
apopt osi s, markers of apopt osis, cell cycl e deregul ation, or deposits of

i mmunogl obtFes ¢l mature plasme cells indicates that the treatment is
efficacious. 36. The nmethod of claim1-16, further conprising obtaining a
bi ol ogi cal sanple froma subject. 37. The method of claim1-16, further
conpri si nglldet eFheimrthag thhblrsd@g@mensﬂphelhﬁpvmu’amteww Osemm@fmecl od of

treat nent r f claim

e Fur (S bSO ST RBhd AL Mch Slecr oI PRIRG, PRGSO

subj ect. 188k folﬁub:&rtédzdd@dlls;bﬂmngpl‘dmml ofllschamie mmn'bwj;ﬁasnfaweﬁdqpnmanympmem ng

adm'nisterl EQ ra calgé/ eff ctlvea ddi ti onal
1 11 CI‘I e tn

T er e to 1000 Ster cellbonenr:
protein degr a’d’a on ? v R R «%Fﬁ DGR E Rod of

cl ai m 39, mﬁie,rsehdmmtorbahscbrmecytefs. the add| tional protein degradation
inhibitors is an aggresonme inhibitor. 41. The nethod of claim 39, wherein
at | east one of the additional protein degradation inhibitors is a

pr ot easoneld. nhithetndthod of 2laidd he, \ﬂm&i@dxefbﬁluﬁbca&dMiBSne oMyedre biviMi S, asxbist | onal

protein d ﬁg@ n IQ%Y} nor e of rtezom b, tubacm ,
MD132, S@jg 83‘90%?51 ’8%%153 4 SR ERLRS! lsbo?ﬁyaf&?ﬁ%“éif ings, RTIMETYL - 16,
furt her codmrelsﬁmEQemmﬂnamemgmg. he treatnment or progress of the cell or
subj ect .
13. A method of treating a subject suffering from or susceptible to multiple myeloma
comprising administering to a subject in need thereof a therapeutically effective amount of a
protein degradation inhibitor, to thereby treat the subject suffering from or susceptible to

multiple myeloma.

14. A method of assessing the efficacy of a protein degradation disorder treatment in a
subject, comprising:

determining one or more pre-treatment phenotypes;

administering a therapeutically effective amount of a protein degradation inhibitor to
the subject; and .

determining the one or more phenotypes after an initial period of treatment with the
protein degradation inhibitor,
wherein the modulation of the one or more phenotypes indicates efficacy of a protein

degradation inhibitor treatment.

15. A method of monitoring the progress of a subject being treated with an aggresome
inhibitor, comprising:
determining one or more pre-treatment phenotypes;
administering a therapeutically effective amount of an aggresome inhibitor to the subject; and
determining one or more phenotypes after an initial period of treatment with the

aggresome inhibitor,
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44. The nethod of any of clains 1-16, further conprising obtaining the
protein degradation inhibitor. 45. The nethod of any one of clainms 1-16,
further conprising co-adm nistering one or nore of a chenotherapeutic
agent, radiation agent, hornonal agent, biological agent or an
anti-inflammtory agent to the subject. 46. The nethod of claim45,
wherei n the chenot herapeutic agent is tanoxifen, trastuzanmab, rakodfene,
doxor ubi GhéteinfthdRb@iMtRGIoE bR dritnor oftihe prstatypesindiosled ufficazn b adppasome,
exemest ane, cycl ophos-pham de, epirubicin, |etrozole, torem fene,

f ul vest r Ehibitign tygg sterone, trastuzumab, nethotrexate, negastrol acetate,
docet axel , paclitaxel, testol actone, aziridine, vinblastine, capecitabine,
goselerin acetate, zol edronic acid, taxol, vinblastjne, or vincristine.

47. The h®t hodl msthodiof sdersing p subiest with 2 peoteip dpgradation disprdrsiontea®dring one

or nore a#ﬁf- ﬁ&ﬁ%-treatnent phenotypes to a standard
phenotypgimtt%t'g.d .gﬁﬁﬁh@%?&éﬁ)al 47, wherein the standard phenotype is
t he cor r espondtiterginiheenstoy pwré predreptafent fhesetyres! | or popul ati on of cells.

49. The nmetho . &]-al Lch, i Srefnebralistiod hiRfor §Pr € of
the foll ow nga,qingfé S\%{slgé éqcl)léhgp %%?bﬁ%%géﬂ%ﬁﬁ% cgﬁﬂl g,éracullot Gr ed 0(l:rel s from
t he subj detspbjest; cel |s fromthe subject pre-treatnent. 50. The net hod of

claim49, wherein.t.he.cells fr ' : : | cell,
(BVEO) . por IGHBPUTE bF S5t aE Mhins bt e il pRlufpsttins HEpbOM S BRT,

f ol | i cl eprotdih depgladativd mhibitolher epithelial cells, bone marrow plasma cells,
primary cancer,.cells,..pati.ent derived tuynor. cells. .. acer ous
hemat opoi"@eiet? e W‘@@tfqpns THheqnp SF M9 {een%elaoe °ds gns%’fh?%tlc?ﬁwec eﬁr@e?@é(;r

ast rocyt #ikely tdHave A favetdbirctliafcal redpohset b hgatmgnirveitomprotriddegtadatiquriohibitor.

degradation in a cell conprising contacting the cell with an aggresone
i nhi bitor. 52. The nethod of claimb51, wherein the aggresone protein

degr adat i1pn i Themethad 60hnkYnéBATms 1-1%3whdrbia theprblih defradatinrintfbitorfiur t her
conprising inhibitin r ot easo rqotein
e s s€ ec!ted fll'OY}l tﬂe g%ou% conselsu%lgrg?tu%acgn,%lortezomib, SAHA, R115777 FT],

16611 olminun-DOTMP, arsenic trioxide, 17-AAG, MG132, sapojargon, and NPI-0052.

18.  The method of any one of claims 1-16, wherein the protein degradation inhibitor
inhibits HDACS.

19.  The method of any one of claims 1-16, wherein the protein degradation inhibitor is of

the formula:
A
0] (0]
R:;/k/k Rz
wherein

R is cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic;
substituted or unsubstituted, branched or unbranched acyl; substituted or unsubstituted,
branched or unbranched aryl; substituted or unsubstituted, branched or unbranched
heteroaryl; -OR a; ~C(=0)Ra; -CO2R4; -SRa; ~-SOR4; -SO2RA; -N(Ra)z; -NHC(O)R4; or -
C(Ra)s; wherein each occurrence of Rp is independently a hydrogen, a protecting group, an

aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl
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degradation in the cell. 54. The nethod of claim51, wherein the
aggresone inhibitor is tubacin, a conpound of claim16, or a conmpound
identified by a method of claim47. 55 A nethod of identifying a

candi date conpound to inhibit protein degradation in a cell, conprising:
contacting a cell exhibiting aggresone formation with a candi date conpound,

and det er ng. a f the L8l ek 6 u | . the
phenot ypempPiEts; A PE%PEWEWSQEQﬁ@y A&y k# %@ﬁ%@gﬂg 5%3&#%2kﬁgﬁhod of
C'?'”1F51mmﬁﬁ£&#ﬂgﬁhﬁoﬁ@ﬂd'da}e nDIecuIe |s one or nore of a snal

nol ecul e, a peptide, or nucl ei ¢ acid..,57. The .nethq wh

the nucl ei ¢ ackds PgdragenRrlogeRHNA] cwcllcsfmmgfl bﬁ}ﬁu st ed:%l%n%e%%ﬁod 31[ .

cl ai m 55, uﬁ%{cﬁécﬂaﬁphﬁwp@j%b Gﬁad 8l s tutadeor ddubstitied, rhemchdeor MibKEhched he
dynei n- bi ndi ng domain 0 the TDAC, donmai

of HDACH lsterpdivhatic; évbﬁlmg %ﬂnwbﬂt%t hganclegor F%‘EPGSF"AY? S&P?H}%%’%‘E\F %ﬁé?’el"ﬁs

t he smal |
debrhﬁch&? AHoRRehddhr; fsbthreg BRaREbstiaféRpRhcedbE ary.  60.
The nethogﬁy#ﬁmﬁg ﬁ%ere|n rhrﬁste of deterrrs1ln|nd§l thg;EPEnOt pe i's by

i mge- baswesbranched bhtm*emll; oRu; -SCTDRR] H§Re; CN; -SCN; “SRs; -SORs; -50 Rz -NO
-N(Rg)2; -NHC(O)Rg; or -C(Rp)s; wherein each occurrence of Ry is independently a
hydrogen, 4 protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;

an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety; and

Rj is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORc; -C(=0)Rc; -COzRc; -CN; -SCN; -SRc; -SORc; -SO,Rc; -NO»;
N(Rc),; -NHC(O)Rg; or -C(Rc)s; wherein each occurrence of Rc is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety; and pharmaceutically acceptable salts

and derivatives thereof.

20.  The method of any one of claims 1-16, wherein the protein degradation inhibitor is of

the formula:
R3
O/kO
Y Wﬂx “R2
R _

and pharmaceutically acceptable derivatives thereof;

wherein R! is hydrogen, or an aliphatic, alicyclic, heteroaliphatic, heterocyclic,
aromnatic or heteroaromatic moiety;

nis 1-5;

R? is hydrogen, a protecting group, or an aliphatic, alicyclic, heteroaliphatic,

heterocyclic, aromatic or heteroaromatic moiety;
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61. A nethod for evaluating a test compound, conprising: contacting an cel
exhi biting agffrecone folination with a test conpound, and evaluating the
cell followi ng contact, wherein a correlation of a nodul ati on of one of
nore phenotypes to a reference value is an indication that the test
conpound may be useful as a protein degradation disorder treatnment. 62.

The net hod of e 241 ai s &l, further. conprising, determning a
phenot ype of t ﬁg¥sc%?]? '(gé{tﬁ?" B TR 21 VHSEHR gd lgﬁyﬁ%e& wﬁfec‘g&g[g{o?%gr protein
dﬁgr adat i o ailijih%t_hi, Ftlﬁ)dyclic, ;ﬁateroihlfﬂ}aﬂ_e,ﬂhtl&ﬁbcpéliccTrajna@i@dﬂﬁfbroavdheaﬁein[biét?,e el
phenotype is a biqlogical or clinical s el.agsin response to a particul ar
treatment or co‘??ﬁ’gl?ﬁgr} R RRIP AGFUH ARG ﬁ?ﬁ?ﬁ%ﬁb&&% Y%F‘é?orﬂ’éﬁ’tall‘ﬁ%ﬁi a,

ost eol yti Cod 1Rtdr&¥slic MORE, BednbrylicHeeREST neiegacy, renal insufficiency,
hyper cal cem a, aneupl 0i ¥ of. mature pl.asma cells,  percentage of nalignant
cel I's, acetyl atifof 2 plighe 193@ll%sﬁbaWﬁ,roaa%@ﬁﬁdﬂegocwh%qomaac M eaptics

level of aggfgsanes, |evel of aggresomes in mature plasma cells, HDAC6

ubi qui tination, HDAC6 ubiquitination in mature plasma cel|s, HDAC6

associ ati on wi t hidhpideszan pranadiphatic, gicyelieaheteopliphatic hetatogyclic earematicoir

ubi qui nt i nak&daBMAkEhBRty). N Mature plasma cells, level of caspase-8 in
mature plasma cells, level of PARP in mature plasma cells, thym di ne uptake
in mature plasma cells, dilated ER ci sternae, aggregation of mature plasma
cells, depgsit f mdISHQY i LR - acet j on
state of n%%-h?g%3%% prote#ggghgﬁg g?15%%%%???kggggﬁ%g%g%gogﬁgﬁﬁgggélIuIar
protei ns, eneatfdhecrmadhd: cycl e regul ati on, necrosis, markers of apoptosis,
apoptosis state, Russell body forngtion, cystic fibrosis transnenbrane
protein receptor state, and nodul afji on of cellular prgtein deposits, or

gl obal acetyl ation state of cel e C L aN<proteins. 64. The
met hod of claim 63, wherein a rease in one or e of-'anem a, |evel of
aggresones, thronbocytopenia, ngutropenia, osteolytac |esions, bone pain,

i mrunodefi ci ency, renal insuf®iciepcy, hypercal cem a, aneuploidy of mature
pl asma cells, percentage of malignant q;lls, t hym, gdiz=ne uptake in mature

pl asma cells, |evel of N aspa | ; pl asma cells, |eve
of full length PARP in e plasma cel |l 4, gati on of mature plasm
cells, indicates that Thesreatnent is ef NregCi . 65. The nethod of claim
63, wherein an increase in acetylation state 9f tubulin, global acetylation
state, acetylation state on non-hi stone prot HDAC6 ubi quitination in
mature plasnma cells, |level of cleaved formo pbase-8, |evel of cleaved
form of PARP, necrosis, acetylation state of wenfhi stone proteins, cellular
ubi qui tination |levels, apoptosis, mapkers of apoptosis, cell cycle
deregul ati on, or deposits of immuno gl obulins in matureppl asma cells
indicates that the treatnent is | j , : BQ@@ of claim 63
wherein the evaluating is by inmager based nul tidi nensijpnal reeni ng. 67.
The nethod of claim6l, wherein t test conpound is @ne or nore of a small

mol ecul e, a peptide, or a nuclePc acPd.
S 0
T
N

&

O,N
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68. The nethod of any one of clains 1-61, wherein the subject or the cel

is a human. 69. A kit for treating a protein degradation disorder in a

subj ect, conprising: a conpound of claim91 or pharnaceutically acceptable
esters, salts, and prodrugs thereof; and instructions for use. 70. The kit
of claim69, wherein the conpound is present as a pharnmaceuti cal
conposition conprising a therapegtically effective anount of the conmpound
and a pharnaceutically acceptabl carrier. 71. A packaged composition
conprising, a therapeutically ef o ot ei n degradati on
i nhi bitor and a phar naceuti cabtily acceptable carrigr or diluent, wherein the
conposition is fornul ated for/iriftlng a subject suffering fronror
susceptible to a protein degsadatd on di sorder, and packaged with
instructions to treat a subjpct sufferlng fronror susceptible to a protein
degradati on di sorder. -7 A é\nucrénﬁ1a0|d nmol ecul e whi ch encodes
a pol ypeptide derived HDAC6 mhereln t he pol ypepti de when expressed in
cell exhibiting aggregongs causes an inhibition of protein degradation.

73. The isolated nucleiT acid of claim 72, wherein the nucleic acid is
derived fromthe nucleic acid encpdi ng the Ctermn of HDAC6, am no aci ds
439-503 of HDAC6, am no acids 5004790 «qf C amMq acids 781-931 of
HDAC6, or the am no acids 1-46M\" 4, e 1Sol afjed n@Q¥l eic acid of claim
72 or 73, which is at |east agghi 60% i dentical tqggthe Cterm nus of HDACS,
am no aci ds 439-503 of HDAC6 §o aci ds 500-790 of |ITDAC 6, am no acids
781-931 of 1-PDACG, or the. a aci ds 1-460. 75. The isolated nucleic
acid of claim72 or 73, N ; uout 80% i dentical to the

C-term nus of HDACG, & BARP. am no aci ds 500-790 of
HDAC 6, am no acids 74& : , W acids 1-460. 76. The

i sol ated nucleic acid ofClaim72, which is ¥ gast about 90% i dentical to
the C-term nus of 1{DAC6, am no acids 439-503"0f HDAC6, am no aci ds 500-790
of HDAC 6, anino acids 781-931 of QHDAC6, or the anlng’a0|ds 1-460. 77. The

i sol at ed hucleic acid of claim 72f whi h i s.at astNapout 99. 9% i denti cal
to the G HN

P o

0o O

OH

T
z
é
/
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term nus of HDAC6, am no acids 439-503 of HDAC6, am no acids 500-790 of
HDAC 6,. am no acids 781-931 of HDAC6, or the am no acids 1-460. 78. An

i sol at ed pol ypeptide derived from HDAC6, wherein the polypeptide inhibits
aggresone nedi ated protein degradation. 79. The isol ated pol ypepti de of
claim 78, conprising an am no acid sequence as identified by Ctermnus of
HDAC6, am no aci ds 439-503 of HDAC6, am no acids 500- 790 of HDAC 6, am no
acids 781-931 of HDAC6, or the am no acids 1-460. 80. The isolated

pol ypepti gie Of Tiel @diBd 03 any ey SticThith) € 1petickal@ the prattin degradatiah ohibitoOikoa
identical to an one or nore of the C-term nus of HDAC6, am no acids

439- 503 ofonMPAREHOL faA® aci ds 500- 790 of HDAC 6, amino acids 781-931 of
HDAC6, or the am no aci ds 1-460. ®1l. The isol ated pol ypeptide of claim78,
wherein the peptide is at | east abiut 80% i dentical to any ong or nore of
the Gterm nus of HDACG, am no acids 439- 303 of IDACE, am no agids 500-790
of HDAC 6, am no acids 781-93 A "o -4BSOH 82. The
i sol at ed pol ypeptide of claim | east about 90%
identical to any one or i no acids
439-503 of HDAC6, am no aci ds_ 5t id
HDAC6, or the am no acids 1- .
78, wherein the peptide is dt |east] about 99.9% i dentical to any one or
nore of the C-term nus of HDB ai no aci ds 439-503 of HDAC6, am no acids
500- 790 of HDAC 6, amino aci ds™81-931 of HDACG, or the amino acids 1-460.

adm ni stering to 3
specifically bind

23.  The method of any one of claims 1-16, wherein the protein degradation inhibitor is of

24.  The method of any one of claims 1-16, wherein the protein degradation inhibitor is a

the formula:

compound of formula:
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87. A nethod of identifying HDAC or TDAC i nhibitors, the nethod conprising

steps of: providing a cell; providing a test agent; contacting the cel

with a test agent; treating the cell with a first primary anti body specific

for acetylated tubulin; treating the cell with a second primary anti body

specific for acetylated lysine; treating the cell with a first secondary

anti body specific for the first prlﬁary anti body and | abelled with a uni que

f I uor ophore; treating the celf'with a second secondary anti body

specific for the second prinmary antijbody and | ablled with a unique

fl uorophore, wherein the fluorophg (s different fromthe fluorophore of

the first secondary antibody; imfging the cells based on the two.

quorophores and quantitating the degrlee of inhbition of both TDAC and

|I's are derived froma hunman
grein the cells are

87,
I|ne

derived froma hunan nultlple nmyel o cel

wherein,
each X is independently O, S, CHa, or NR3;
Y is O, S, CH,, or NRy;
Ar; and Ar; are each independently an aryl group;
R, is a lower alkyl group or an aryl group;
Ry is hydrogen, a lower alkyl group or an aryl group; and
R; is hydrogen, a lower alkyl group, an aryl group, an alkylcarbonyl, an

alkoxycarbonyl group, or an aminocarbonyl group.

25. The method of claim 24,
wherein,
X is for both occurrences O;
YisS;
Ar is phenyl or substituted phenyl;
Ar, is heteroaryl, more preferably optionally substituted oxazolyl;
R; is phenyl or substituted phenyl, more preferably 4-aminosubstituted phenyl;
Ry is hydrogen.

26.  The method of any of claims 1-16, wherein the protein degradation inhibitor inhibits
HDACS6 enzymatic activity, thereby inhibiting aggresome mediated protein degradation.

27.  The method of claim 26, wherein, the protein degradation inhibitor inhibits the C-
terminal aceylation activity of HDACS, thereby inhibiting aggresome mediated protein
degradation.

28.  The method of claim 1-16, wherein the protein degradation inhibitor is an aggresome

inhibitor.
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90. A conpound identified as an HDAC or TDAC i nhi bitor using the nethod of
claim78. 91. A conpound of the fornmula: wherein Rl is cyclic or
acyclic, substituted or unsubstituted, branched or unbranched ali phati c;
cyclic or acyclic, substituted or unsubstituted, branched or unbranched

het er oal i phatic; substituted or unsubstituted, branched or unbranched acyl;
substituted or unsubstituted, branched or unbranched aryl; substituted or
unsubstituted, branched or unbranched heteroaryl; -ORA; -C(=0)RA, -CO2RA

- SRA; - SGRA; -FRBRAtod HCRMA 2;16; MHGER)tRArorin degfafitAn3nhivite ied proeawime
occurrence of RB is independently a hydrogen, a protecting group, an
aliphatidnﬁﬁﬁéﬁy, a heteroaliphatic noiety, an acyl noiety; an aryl noiety;
a heteroaryl noiety; al koxy; aryloxy; alkylthio; arylthio; am no,

al kyl am no, di al kyl am no, heteroaryl oxy; or heteroarylthio noiety; R2
i s hydrogih: hBiegaethed efyplaim 29 ovheseip dhe imoteasgme dnhibiton i 9p LMLt i t ut ed,
branched e s ¢ NpeYets ¢ or acyclic, substituted or
unsubstifﬁ%@%@ggganc%gﬁ%g?&%%%fgﬁgﬁggk%eteroaliphatic; substituted or
unsubstituted, branched or unbranched acyl; substituted or unsubstitued,

branched g5 u : b § Ul tAS BRI dediRtkior hRBRASHa O

unbr anc he%’he?@ﬁegg‘%gﬁjo%?e é%?a%x% E{B%é?%}ol%%& ) i:’{%CN eg{;CN 0 SRB; - SOa:QB;

- S021343; pephi@ derivid RBED ARKGHGRRBIN WrterntiakByBide whEPAIGH asfctermidelur r ence of
It3 is inde ndﬁﬂbl a hydrogen, a protecting group, an aliphatic noiety, a
heteroali%ﬁﬁ??g nnﬁé?y, an acyl noiety; an aryl noiety; a heteroaryl

noi ety; al koxy; aryloxy; alkylthio; arylthio; am no, alkylam no,

di al kyl am,_no, heterpa XY:~,0r, het er oaryl t hi i ’ . R3 is
hydr ogen?% al ogléefff‘etgg’/‘i:%lé c@anérfi law%‘f’lingf}e s rént"i@;l glgﬂengﬁe¥%%e§ig ggsfpflterﬁtttce)d,
branched @wduakraghehaghealfbpéiaiti c; cyclic or acyclic, substituted or
unsubstituted, branched or unbranched heteroaliphatic; substituted or
unsubstituted, branched or unbranched acyl; substituted or unsubstitued,
branched @3, unbremehedoany bf clawstai-t sitvadrai the pheHasipe istiiedgicdlpaniidied or
unbranched heteroaryl; -ORc;, -C(:O%_gr: -COZRc;d-CN'. tﬁ_rCN -}%Rce; . - SORc;
_SOPRe; - fggpelac myemRonss: to a RpiGeHpizeatpeit oppqapnohd, prerpia; throgiboryIgReIR e nce of
Rc is i ndgnendens,otealyhy BEOSE Boncdpai, dheshodi@cighdiinaldnsudfidigloat i c noiety, a
heteroaliﬁhatlc noi ety, an(&pyl noj ety; .an anyl nn%g% ; h ter%ﬁmyl

Toi ety aPXRSASHICORY FRRR IO RAAHE Blesmt i Pacntzgt RbaLgmRBhoalf At aton

di al kyl anlta@,ofhﬁ;hﬁﬁ,%gmbmaﬁmaﬁrews%@aw hdvBll oF ap@tines irmmguRadsiaceNs, i cal |y

acceptabl e salts and derivatives thereof. H 8' . ) .
HDACS ubiquitination in mature plasma cells, HDAC6 association with dynein in mature

plasma cells, cellular levels of ubiquintinated proteins in mature plasma cells, level of
caspase-8 in mature plasma cells, level of PARP in mature plasma cells, thymidine uptake in
mature plasma cells, dilated ER cisternae, aggregation of mature plasma cells, deposits of
immuhoglobulins in mature plasma cells, acetylation state of non-histone proteins, global
ubiquitination state of the cellular proteins, state of cell cycle regulation, necrosis, markers of
apoptosis, apoptosis state, Russell body formation, Cystic Fibrosis transmembrane protein
receptor state, and modulation of cellular protein deposits, or global acetylation state of

cellular or extracellular proteins.

34, The method of claim 33, wherein a decrease in one or more of level of aggresomes,
thrombocytopenia, neutropenia, osteolytic lesions, bone pain, immunodeficiency, renal
insufficiency, hypercalcemia, aneuploidy of mature plasma cells, percentage of malignant

cells, thymidine uptake in mature plasma cells, level of full length caspase-8 in mature
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92. The compound of claim91, wherein R3 LS 93. The conmpound of claim91
of the formula: wherein n is an integer between 1 and 5, inclusive; and
each occurrence of R3' is independently hydrogen; hal ogen; cyclic or
acyclic, substituted or unsubstituted, branched or unbranched aliphatic;
cyclic or acyclic, substituted or unsubstituted branched or unbranched

het eroal i phat i subst ted r ched ac
substi tut@ésr@ﬂfceUﬁj‘EM? 4 é‘ﬂi}eﬂgthg;w er r&%‘%h%%g%gt&ns‘ﬁg& u?‘?ut ed ory
unsubst i t )bgeh ool ARGERS tmmmmhﬁdfmﬁmeu@ar yl; -ORc; -C(=0)Rc; -CX®RRc; -
CN; -SCN;" -SRc; -SORc; - SCRRc; - NOR2; -N(Re) 2; -NHC(O)RC or -C(Rc)3;
wherei n each occurrence of Rc is independently a hydrogen, a protecting

group, ansali pﬁﬂérﬁ&h(‘i@df%ﬂm 38, WIRk&h 8R lcRASY 1h Gcdtlbfidrystat@of tabylin, HDACIGY;  an
aryl nnlety, a heteroaryl nnlety al kox | ox al kyl 1 hi. o; \ylthlo
am no, al Whileitination injmafukeilesmarrslls, kaelkaf éﬂ dogg g?aSP?éf’ r 55 OF #1359 o et y .
94. The CO@%I%%@?A%, ﬁéc?dsﬁ‘, gc%ty?a{tlo;t Q{a{@Hf QAon-histone proteins, cellular ubiquitination

levels, apoptosis, markers of apoptosis, cell cycle deregulation, or deposits of

immunoglobulins in mature plasma cells indicates that the treatment is efficacious.

36.  The method of claim 1-16, further comprising obtaining a biological sample from a

subject.

37.  The method of claim 1-16, further comprising determining the subject’s phenotype
after a second period of treatment with the protein degradation inhibitor.

38.  The method of claim 1-16, further comprising obtaining a second biological sample
from the subject.

39.  The method of any one of claims 1-16, further comprising administering a
therapeutically effective amount of one or more additional protein degradation inhibitors to

the subject or cell.

40.  The method of claim 39, wherein at least one of the additional protein degradation

inhibitors is an aggresome inhibitor.

41.  The method of claim 39, wherein at least one of the additional protein degradation

inhibitors is a proteasome inhibitor.

42.  The method of claim 39, wherein the additional protein degradation inhibitor is one or

more of bortezomib, tubacin , MG132, sapojargon, or NPI-0052.

43.  The method of any one of claims 1-16, further comprising monitoring the treatment or

progress of the cell or subject.
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95. The conpound of claim94 of one of the fornmul ae:

97. The conpound of

claim94 of one of the fornul ae: R3'R3" 98. The conpound of claim 93,

95, 96,
protected hydroxyl, al koxy, thioxy, am no, allcylamno, dialkylan no,

or, 97, wherein each R3' is independently hal ogen, hydroxyl,

- NC2,

G-C6 alkyl, C-C6 alkenyl, CG-C6 alkynyl, or acyl. 99. The conpound of
claim9l, 4\/\/nereln R2 s, of

The method of any o cnalmscir ngl“uIther comprising obtaining the protein
degradation inhibitor.

45.  The method of any one of claims 1-16, further comprising co-administering one or
more of a chemotherapeutic agent, radiation agent, hormonal agent, biological agent or an

anti-inflammatory agent to the subject.

46.  The method of claim 45, wherein the chemotherapeutic agent is tamoxifen,

trastuzamab, raloxifene, doxorubicin, fluorouracil/5-fu, pamidronate disodium, anastrozole,

exemestane, cyclophos-phamide, epirubicin, letrozole, toremifene, fulvestrant, fluoxymester- '

one, traistuzuinab, methotrexate, megastrol acetate, docetaxel, pacli_taxel, te_stqlactone,
aziridine, vinblastine, capecitabine; goselerin acetate, zoledronic acid, taxol, vinblastine, or

vincristine.

47.  The method of any one of claim 1-16, further comprising comparing one or more of

the pre-treatment or post-treatment phenotypes to a standard phenotype.

48.  The method of claim 47, wherein the standard phenotype is the corresponding

phenotype in a reference cell or population of cells.

49.  The method of claim 48, wherein the reference cell is one or more of the following,
cells from the subject, cultured cells, cultured cells from the subject, or cells from the subject
pre-treatment.

50.  The method of claim 49, wherein the cells from the subject are bone marrow stromal
cell, (BMSC), a peripheral blood mononuclear cell (PBMC), lymphocytes, hair follicles,
blood cells, other epithelial cells, bone marrow plasma cells, primary cancer cells, patient
derived tumor cells, normal or cancerous hematopoietic stem cells, neural stem cells, solid

tumor cells, or astrocytes.

51. A method of inhibiting aggresome mediated protein degradation in a cell comprising

contacting the cell with an aggresome inhibitor.
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rn X R2" wherein mis an integer between 0 an [ i ve;

between 1 and 6, inclusive; Xigs 0, S, CHz, 6l\llej gr INgI ysiaxg Rglre}‘grabl y
aliphatic, heteroaliphatic, acyl, substituted or unsubst i t ut ed aryl, or
substituted or unsubstituted heteroaryl. 100. The conpound of clai m 99
wherein Xis O 101. The conmpound of claim99, wherein Xis S. 102. The1

conpound of claim99, wherein mis 1. 103. The conpound of clali 9
wherei n R, |srl&ub&hddﬂfeuim61,mecﬁt§1sthetaﬁsfé$9‘??é¥%tFi6‘éiF§‘]a@aﬁi’6&7mﬁqﬁ%égc%’nbound of

claim 99, erein R2 is selected fromone of the follow ng:
conpound Hﬁ\glé{éi m 91, wherein R2 is ow ng: 105. The

53.  The method of claim 51, further comprising inhibiting proteasome protein
degradation in the cell.

54.  The method of claim 51, wherein the aggresome inhibitor is tubacin, a compound of

claim 16, or a compound identified by a method of claim 47.

55. A method of identifying a candidate compound to inhibit profein degradation in a cell,

comprising: ' | ' “
contactiﬁg a cell exhibiting aggresome formation with a candidate compound, and
determining a phenotype of the cell, wherein modulation of the phenotype is

indicative of the efficacy of the compound.

56. The method of claim 55, wherein the candidate molecule is one or more of a small

molecule, a peptide, or a nucleic acid.

57. The method of claim 56, wherein the nucleic acid is an RNA, mRNA, RNAi, siRNA
or DNA.

58.  The method of claim 55, wherein the peptide is a peptide derived from the HDACS,
the dynein-binding domain of HDACS, the TDAC domain of HDACS, the N-terminus of
HDACS or the C-terminus of HDAC6.

59. The method of claim 55, wherein the small molecule is contained in a multi-channel

arrayer library.

60.  The method of claim 55, wherein the step of determining the phenotype is by image-

based multidimensional screening.

61. A method for evaluating a test compound, comprising:

contacting an cell exhibiting aperesome formation with a test compound, and
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106. The conpound of claim 91, wherein RL is of the fornula: V-1.11.1 O
., AYL Il wherein R' is ,Arxr, wherein Yis NHor O0; L is a linker

noi ety; and A conprises a functional group that inhibits histone
deacetyl ase. 107. The conpound of claim 106, wherein Re is O

evaluating the cell following contact, wherein a correlation of a modulation of one of more
phenotypes to a reference value is an indication that the test compound may be useful as a

protein degradation disorder treatment.

62.  The method of any one of claims 51-61, further comprising determining a phenotype
of the cell after an initial period of treatment with the protein degradation inhibitor.

63.  The method of claim 51-61, wherein the phenotype is a biological or clinical sequelae
in response to a particular treatment or compound, including anemia, thrombocytopenia,
neutropenia, osteolytic lesions, bone pain, immunodeﬁciency, renal insufficiency,
hypercalcemia, aneuploidy of mature plasma cells, percentage of malignant cells, acetylation
state of tubulin, apoptosis of mature plasma cells, level of aggrésomes, level of aggresomes in
mature plasma cells, HDAC6 ubiquitination, HDACG ubiquitination in mature plasma cells,
HDACS6 association with dynein in mature plasma cells, cellular levels of ubiquintinated
proteins in mature plasma cells, level of caspase-8 in mature plasma cells, level of PARP in
mature plasma cells, thymidine uptake in mature plasma cells, dilated ER cisternae,
aggregation of mature plasma cells, deposits of immunoglobulins in mature plasma cells,
acetylation state of non-histone proteins, global ubiquitination state of the cellular proteins,
state of cell cycle regulation, necrosis, markers of apoptosis, apoptosis state, Russell body
formation, cystic fibrosis transmembrane protein receptor state, and modulation of cellular

protein deposits, or global acetylation state of cellular and extracellular proteins.

64. The method of claim 63, wherein a decrease in one or more of anemia, level of
aggresomes, thrombocytopenia, neutropenia, osteolytic lesions, bone pain,
immunodeficiency, renal insufficiency, hypercalcemia, aneuploidy of mature plasma cells,
percentage of malignant cells, thymidine uptake in mature plasma cells, level of full length
caspase-8 in mature plasma cells, level of full length PARP in mature plasma cells, or

aggregation of mature plasma cells, indicates that the treatment is efficacious.

65. The method of claim 63, wherein an increase in acetylation state of tubulin, global
acetylation state, acetylation state on non-histone proteins, HDACG6 ubiquitination in mature
plasma cells, level of cleaved form of caspase-8, level of cleaved form of PARP, necrosis,

acetylation state of non-histone proteins, cellular ubiquitination levels, apoptosis, markers of

119



108. The conpound of claim91 of one of the fornulae: O 109, The
conpound of claim9l1l of one of the formulae: RIR .1,. 00

apoptosis, cell cycle deregulation, or deposits of immunoglobulins in mature plasma cells

indicates that the treatment is efficacious.

66.  The method of claim 63, wherein the evaluating is by image-based multidimensional

screening.

67.  The method of claim 61, wherein the test compound is one or more of a small

molecule, a peptide, or a nucleic acid.
68. The method of any one of claims 1-61, wherein the subject or the cell is a human.

69.  Akit for treating a protein degradation disorder in a subject, comprising:
a compound of claim 91 or pharmaceutically acceptable esters, salts, and prodrugs
thereof; and

instructions for use.

70.  The kit of claim 69, wherein the compound is present as a pharmaceutical
composition comprising a therapeutically effective amount of the compound and a

pharmaceutically acceptable carrier.

71. A packaged composition comprising, a therapeutically effective amount of an a
protein degradation inhibitor and a pharmaceutically acceptable carrier or diluent, wherein
the composition is formulated for treating a subject suffering from or susceptible to a protein
degradation disorder, and packaged with instructions to treat a subject suffering from or

susceptible to a protein degradation disorder.

72.  Anisolated nucleic acid molecule which encodes a polypeptide derived from
HDACS6, wherein the polypeptide when expressed in cell exhibiting aggresomes causes an

inhibition of protein degradation.
73.  The isolated nucleic acid of claim 72, wherein the nucleic acid is derived from the

nucleic acid encoding the C-terminus of HDAC6, amino acids 439-503 of HDAC6, amino
acids 500-790 of HDAC 6, amino acids 781-931 of HDACS, or the amino acids 1-460..
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74. The isolated nucleic acid of claim 72 or 73, which is at least about 60% identical to
the C-terminus of HDACS6, amino acids 439-503 of HDACS6, amino acids 500-790 of HDAC
6, amino acids 781-931 of HDACS, or the amino acids 1-460.

75.  The isolated nucleic acid of claim 72 or 73, which is at least about 80% identical to
the C-terminus of HDACS6, amino acids 439-503 of HDAC6, amino acids 500-790 of HDAC
6, amino acids 781-931 of HDACS, or the amino acids 1-460.

76.  The isolated nucleic acid of claim 72, which is at least about 90% identical to the C-
terminus of HDACS6, amino acids 439-503 of HDAC6, amino acids 500-790 of HDAC 6,
amino acids 781-931 of HDACS, or the amino acids 1-460.

77. - The isolated nucleic acid of claim 72, which is at least about 99.9% identical to the C-
terminus of HDACS6, amino acids 439-503 of HDAC6, amino acids 500-790 of HDAC 6,
amino acids 781-931 of HDACS, or the amino acids 1-460.

78. An isolated polypeptide derived from HDACS6, wherein the polypeptide inhibits

aggresome mediated protein degradation.

79.  The isolated polypeptide of claim 78, comprising an amino acid sequence as
identified by C-terminus of HDACS6, amino acids 439-503 of HDACG6, amino acids 500-790
of HDAC 6, amino acids 781-931 of HDACS, or the amino acids 1-460.

80.  The isolated polypeptide of claim 78, wherein the peptide is at least about 60%
identical to any one or more of the C-terminus of HDAC6, amino acids 439-503 of HDACS,
amino acids 500-790 of HDAC 6, amino acids 781-931 of HDACS, or the amino acids 1-460.

81.  The isolated polypeptide of claim 78, wherein the peptide is at least about §0%
identical to any one or more of the C-terminus of HDAC6, amino acids 439-503 of HDACS6,
amino acids 500-790 of HDAC 6, amino acids 781-931 of HDACSG, or the amino acids 1-460,

82.  The isolated polypeptide of claim 78, wherein the peptide is at least about 90%
identical to any one or more of the C-terminus of HDAC6, amino acids 439-503 of HDACS6,
amino acids 500-790 of HDAC 6, amino acids 781-931 of HDACS6, or the amino acids 1-460.
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83.  The isolated polypeptide of claim 78, wherein the peptide is at least about 99.9%
identical to any one or more of the C-terminus of HDACG6, amino acids 439-503 of HDACS,
amino acids 500-790 of HDAC 6, amino acids 781-931 of HDACG, or the amino acids 1-460.

84. A vector which contains a polynucleotide capable of encoding a polypeptide having at
least about 80% sequence identity to the C-terminus of HDACG6, amino acids 439-503 of
HDACS6, amino acids 500-790 of HDAC 6, amino acids 781-931 of HDACSG, or the amino
acids 1-460, and characterized by the ability to inhibit protein degradation.

85. - A method of treating a protein degradation disorder or cellular proliferation disorder
gomprising administering to a subject in need thereof an effective amount of an RNA to
specifically bind and inactivate the HDACS.

86. The method of claim 85, wherein the RNA is an RNAI, siRNA, antisense RNA, or
ribozyme.

87. A method of identifying HDAC or TDAC inhibitors, the method comprising steps of:

providing a cell;

providing a test agent;

contacting the cell with a test agent;

treating the cell with a first primary antibody specific for acetylated tubulin;

treating the cell with a second primary antibody specific for acetylated lysine;

treating the cell with a first seéondary antibody specific for the first primary antibody
and labelled with a unique fluorophore; |

treating the cell with a second secondary antibody specific for the second primary
antibody and lablled with a unique fluorophore, wherein the fluorophore is different from the
fluorophore of the first secondary antibody;

imaging the cells based on the two fluorophores; and

quantitating the degree of inhbition of both TDAC and HDAC.

88. The method of claim 87, wherein the cells are derived from a human cancer cell line.
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89.  The method of claim 87, wherein the cells are derived from a human multiple myeloma

cell line.

90. A compound identified as an HDAC or TDAC inhibitor using the method of claim 78.

91. A compound of the formula:

wherein
R; is cyclic or acyclic, substituted or unsubstituted, branched or unbranched aliphatic;

cyclic or acyclic, substituted or unsubstituted, branched or unbranched heteroaliphatic;
substituted or unsubstituted, branched or unbranched acyl; substituted or unsubstituted,
branched or unbranched aryl; substituted or unsubstituted, branched or unbranched
heteroaryl; -OR,; ~-C(=0)R4; ~CO2R4; -SR4; -SOR4; -SO02RA; -N(Ra)2; -NHC(O)R4; or -
C(Ra)s; wherein each occurrence of Ry is independently a hydrogen, a protecting group, an
aliphatic moiety, a heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl
moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy;
or heteroarylthio moiety;

R, is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -ORg; -C(=0)Rp; -CO2R3z; -CN; -SCN; -SRp; -SORg; -SO2R5; -NO3;
-N(Rp)z; -NHC(O)Rp; or -C(Rp);; wherein each occurrence of Rp is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety; and

Rj; is hydrogen; halogen; cyclic or acyclic, substituted or unsubstituted, branched or
unbranched aliphatic; cyclic or acyclic, substituted or unsubstituted, branched or unbranched
heteroaliphatic; substituted or unsubstituted, branched or unbranched acyl; substituted or
unsubstitued, branched or unbranched aryl; substituted or unsubstituted, branched or
unbranched heteroaryl; -OR¢; -C(=0)Re: -CO2Rc; -CN; -SCN; -SRc; ~SORc; -SOzR¢; ~-NOy;
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NRc)z; -NHC(O)Rc; or -C(Rc)s; wherein each occurrence of Re is independently a
hydrogen, a protecting group, an aliphatic moiety, a heteroaliphatic moiety, an acyl moiety;
an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy; alkylthio; arylthio; amino, alkylamino,
dialkylamino, heteroaryloxy; or heteroarylthio moiety; and pharmaceutically acceptable salts

and derivatives thereof.

%

HO
92.  The compound of claim 91, wherein Rj is

93.  The compound of claim 91 of the formula:

wherein

n is an integer between 1 and 5, inclusive; and

each occurrence of Rs’ is independently hydrogen; halogen; cyclic or acyclic,
substituted or unsubstituted, branched or unbranched aliphatic; cyclic or acyclic, substituted
or unsubstituted, branched or unbranched heteroaliphatic; substituted or unsubstituted,
branched or unbranched acyl; substituted or unsubstitued, branched or unbranched aryl;
substituted or unsubstituted, branched or unbranched heteroaryl; -ORc; -C(=O)Rc; -CO3R¢; -
CN; -SCN; -SR¢; -SORc; -SQch; -NO3; -NRc)z; -NHC(O)Rc; or -C(Re)s; wherein each
occurrence of Re is independently a hydrogen, a protecting group, an aliphatic moiety, a
heteroaliphatic moiety, an acyl moiety; an aryl moiety; a heteroaryl moiety; alkoxy; aryloxy;

alkylthio; arylthio; amino, alkylamino, dialkylamino, heteroaryloxy; or heteroarylthio moiety.

94.  The compound of claim 91 of formula:
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95.  The compound of claim 94 of one of the formulae:

R R4 Ry

A

0" 0 o)\o Ry 07 0
R3' .
W - \Q)Q\RZ Ra
R3' , . ,and . .

96.  The compound of claﬁn 95 of one of the formulae:
R4 Ry

o)\o Ry’ o/ko
Rs'
Rz Rz
,and .

97.  The compound of claim 94 of one of the formulae:



Rq R4

Rs3 0 0] R

PN
R’
Rz Rz
0O (¢}
R2 RZ
R3' R3' ’ .
R4 , R4
’ /k
s o7 o
3|

)\ R

0 o - R '
R3'
Ro Q)Q\Rz
R3' R .

98.  The compound of claim 93, 95, 96, or, 97, wherein each Ry’ is independently halogen,
hydroxyl, protected hydroxyl, alkoxy, thioxy, amino, alkylamino, dialkylamino, -NO,, C1-Cs
alkyl, C;-Cs alkenyl, C;-Cs alkynyl, or acyl.

99.  The compound of claim 91, wherein R; is of the formula:

wherein m is an integer between 0 and 8, inclusive; preferably, between 1 and 6, inclusive;
X is O, S, CH,, NH, or NR’; and
Ry’ is aliphatic, heteroaliphatic, acyl, substituted or unsubstituted aryl, or substituted
or unsubstituted heteroaryl.

100. The compound of claim 99, wherein X is O.

101. The compound of claim 99, wherein X is S.
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102. The compound of claim 99, wherein m is 1.
103. The compound of claim 99, wherein Ry’ is substiuted or unsubstituted heteroaryl.

104. The compound of claim 99, wherein Rz is selected from one of the following:

RJVS\A(O/ O

105. The compound of claim 91, wherein Ry is

106. The compound of claim 91, wherein R; is of the formula:
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”

wherein Ry’ is vvv , wherein Y is NH or O; L is a linker moiety; and A comprises a

functional group that inhibits histone deacetylase.

107. The compound of claim 106, wherein Ry’ is
0]

g
HN SOH

108. The compound of claim 91 of one of the formulae:

O,N
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109. The compound of claim 91 of one of the formulae:
Ry R4

0*0 0)\0
R3MR2 RsMRz
Ry : 1

/k SN

/'\/\ NN
R3 Rz Rs Ra,

a§] 0

e,
ullo
tllﬂo
o
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