TREATMENT OF PROTEI N DEGRADATI ON DI SORDERS Rel at ed
Appl i cations 100011The present application clains
priority under 35 U.S.C. 119(e) to U. S. provisional
pat ent application, USSN 60/ 664,470, filed March 22,
2005, which is incorporated herein by reference.
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cﬂaﬂic{elﬂged 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
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suffering fromor susceptible to breast or ovarian
cancer. The nethod includes the step of adm nistering

to a subject in need thereof a therapeutically

effective anount of a protein degradation inhibitor,
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XX Ar1Ar2 R2 wherein each X is independently 0, S,
CH2, or N12.3; Yis 0, S, CH2, or NP-4; Ari and Ar2
are each independently an aryl group; Rl is a |ower
al kyl group or an aryl group; R2 is hydrogen, a |ower
al kyl group or an aryl group; and R3 is
I g I )
Y 8P 80 MRl SRR S, PO P, BNy o502 and
TaSE Mo ¢ veBn2Rg, filgd dulp 17, 2008;enttaofiwhichat arxcopdragahetiminefrence.

Ls for both.occurrences,.0. | ent ai referre .
(8 e b Sorr et FRbmins G fiC bR FesffBlablE e grotein
déyrhdation hdityd is @ coipdamt of fokataphenyl . I n certain

preferred enbodi nents, Ar2 is heteroaryl, nore
preferably optionally subgtituted oxazolyl. In certain
preferred enbodi nents, Rl|is phenyl or substituted
phenyl, nore preferably 4~am nosubstituted phenyl. In

certain preferred enbddi nentg, R2 is hydrogen.
the protein degradation

mul aey.
~

inhibitor is of one g

Ary Arp
Ra
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:



S NIn certain preferred enbodi nents, the protein
degradation inhibitor is a conpound of the fornula
bel ow with the stereochem stry as shown: These
conpounds of the invention are particularly useful in
t he net hods, pharnmaceutical conpositions, and kits of
the invention. [0015]1noany of the above-descri bed
aspects, the protein degradation inhibitorHis an |1 DAC
i nhi bitor. Conpounds (O

described in U S. pa?hnt appllcatlons S. ;%&?

60/ 773,510, filed ngfqary 14, 2006; U. DS. N

60/ 773,172, filed Kebrufy 14,2006; U.S.S.N.

60/ 289, 850, fi y 9,0 2004; U S.S. N =%8(144, 316,
filed May 9, > U, N;\/l filed July
17, 2003; @ which is inc} /ei n by

ref erence. &7 tai n enbodi meMts{t he proteln

degradation inhibitor preferably i\hibits HDAC6. In
certain enbodi ments, the protein gg
is specific for HDAC6. [0016]1n an t he
above-descri bed aspects, the protels=degradation

i nhi bitor preferably inhilgts HDAC6 enzymatic
activity, thereby |nh|b|t|ng aggr esone nedi ated
protei n degradati on. H 6
protein degradation inhybitor inhibits the C—ternlna
aceyl ation activity of AC6, thereby inhi0iting
aggresone nedi ated prdtei ® degradati on. [0017]1n
certain enbodi ments, Xt he ijnhi bt or 8f HDAE6={ eads to
the acetyl ati ' .

Adati on i nhibitor

O,N

5



Hsp90. The acetyl ation of Hsp90 renders this protein

| ess active towards a nunber of Hsp9O s client
proteins, thereby augnmenting protein stress in the
cell. In particular, for prostate and breast cancer,
the inhibition of 11 DAC6 and t he subsequent acetyl ation
of Hsp90 |l eads to di mnpshed activity of

st eroi d-bi ndi ng receptolfs due to the findiRng that
glucocorticoid re ' Ngpetion to
engage gl ueorticoids.y Therefore, HDAC6 i|phi bition

| eads to decreased segsitivity to estrogen in breast
cancer and androgefS i nOprostate cancer. [0018]In any
aspects, i\ certain preferred
egr t inhibitor is an
aggresone | or. In certaifl preferred enbodi nents,
t he aggresome_i#Ahi bitor is one re of tubacin,
scriptade, or a conpoufids descri bed herein. In certain
ot her enbodi nents, thellaggresone inhibitoﬁ IS one or
nmore of the conpoungs~d i i at ey
applications, U S S N 60/773,510, February 14,
2006; U.S.S.N 60/7,7& 72, filed Februafy 14, 20086;

5 led May 9,2001; U.S.S. N

enbodi nent s,

10/ 144, 316, 3. 2008, and U.S.S.N. 10/ 621, 276,
filed July of Which is i ncor por at ed
herei n by [0019) I n any of the

above-descrireed aspects, in certain preferred or
enbodi nents, the proteiy degradation inhibitor is a
proteasome inhibitor. Ifh certain preferredy '
enbodi nents, the prote rNQhi B oL Ne.or nore

of bortezonmib, M133N'sapdj argdn, and NH[-0052' In
certain enbodinentsﬁjkge prot easonme i nhigitor is a

conpound descri bedofieredon. [0020] 1 n any of the
above-descri bed aspects] in §ertain preferred

enbodi nent s he_{T Ot et 0 inhibitor is a
pepti de der rom HDAC6, dymfein, |an N-term na
pepti de of pE6, or C-termn Bti de of HDAC6. In
certain preferred enbodi nents, the C-term nal HDAC6

P eRfairdfefesedsethfoditheind, tHemroveid e gradatian ihébitt jyreconfpoand of the
cel|. 10021])1.n any of .the above-described aspects, in
f%\”‘haalie#’“b Q‘FISE’B‘% ?ﬁ.’i‘b‘%‘#g‘?’nt he phenotype can be
bi ol ogi cal or clinical sequelae in response to a
particul ar treatnent or conpound, anem a,

t hr onbocyt openi a, neutropenia, osteolytic |esions,
bone pai n, immunodeficiency, renal insufficiency,
hyper cal cem a, aneupl oidy of mature plasna cells,
percentage of malignant cells, acetylation state of
tubulin, apoptosis of mature plasnma cells, |evel of
aggresones in mature plasma cells, HDAC6

ubi quitination in mature plasma cells, HDAC6
association with dynein in mature plasma cells,
cellular levels of ubiquintinated proteins in nmature
pl asma cells, |evel of caspase-8 in mature plasm
cells, level of PARP in mature plasma cells, thym dine
uptake in mature plasma cells, dilated ER cistenae,
aggregation of mature plasma cells, deposits of

i mmunogl obulins in mature plasma cells, acetylation
state of non-histone proteins, acetylation of histone
proteins, global ubiquitination state of the cellular
proteins, state of cell cycle regul ation, necrosis,
mar kers of apoptosis, apoptosis state, Russell body
formation, cystic fibrosis tfansnenbrane protein
receptor state, and nodul ation of cellular protein
deposits, or global acetylation state of cellular or
extracel | ul ar proteins.




[0022] I n preferred enbodi nents, a decrease in one or
nore of |evel of aggresones, thronbocytopenia,
neutropeni a, osteolytic |esions, bone pain,

i mmunodefi ci ency, renal insufficiency, hypercal cem a,
aneupl oi dy of mature plasma cells, percentage of
mal i gnant cells, thym di neQuptake in mature plasna

cells, level of full length caspase-8 in mature phasma
cells, level of full len PA n N
cells, or aggregation mat ure pl asma c OH
indicates that the treafnent is efficacious. [§023]In

Q. i ncrease in acetylatPon

P qui tination in mature

aved form of caspase-8,

| evel of cleaved for PARP, necrosis, acetylation
state of non-histone prpteins, cellular ubiquitination
| evel s, apoptosis, markers of apoptosis, cell cycle
deregul ati on, or depgstt>@f immunogl obulins in mature

pl asma cells indicats th the treatnent is
ef fi caci ous. any f t heg above descrlbed
aspects, ingt N pr enbo _ 2t hod

i ncl udes thg er step of obt ai
sanphe frow pi ect, and, in certa
can i nclhdde tt
bi ol ogi cal sanple fromthe subject.
t he above-described aspects, in certain/prenerred
enbodi nents, the nethod includes the f#értherY)step of
determ ning the subject's phenotype aft\er_a/second
period of treatnment with the protein degradation
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[00R5] 1 n any of

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



[0028] I n any of the above-described aspects, in
certain preferred enbodi nents, the nethod further

i ncl udes obtaining the nrotein degradation inhibitor.
[0029] I n any of the above-described aspects, in
certain preferred enbodi nents, the nmethod further
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e Invention provides a nethod of identifying
a candldate conpound or nolecule to inhibit protein
degradation in a cell. The nmethod includes the steps
of contacting a cell exhibiting aggresonme formation

wi th a candi date conpound, ahd




determ ning a phenotype of the cell, wherein

nmodul ati on of the phenotype is indicative of the

ef fi cacy of the conpound. In certain enbodinments, the
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[0037]In still a further aspect, the invention
provi des a packaged conposition. The packaged
conpositions includes a therapeutically effective
anount of an a protein degradation inhibitor and a
pharmaceutical Iy acceptable carrier or diluent,
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HDAC6, am no aci ds 439-503 of HDAC6, am no acids

500- 790 of HDAC 6, ami no acids 781-931 of HDAC6, or
the ami no acids 1-460. In céPtain preferred

enbodi nents, the peptide is at |east about 99. 9%
identical to any one or nore of the C-term nus of
HDAC6, am no acids 439-503 of HDAC6, am no acids

500- 790 of HDAC 6, ami no acids 781-931 of HDAC6, or
the am no acids 1-460. [0040]1n yet another aspect,




[0041] I n still another aspect, the invention provides
a nethod of treating a protein degradation disorder
or cellular proliferation disorder. The nethod

i ncludes the step of admnistering to a subject in
need thereof an effective ampunt of an RNA to
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of a a sed b

cogipopih e SR i e PR Lol Aok aidkthe

foﬁﬁ‘a%fon%ih&%ﬁ c§rﬁﬁcﬁinﬂj aiﬂlek/gduatmg ulxellfclbtwih@eantact, wtherein a

a-t ubul
coSRIGHER PHCmERUTIoN OF A BIRRGE PP EER Gre (B ey g Eaton
th&%é te&t'cﬂﬁ§ouﬂﬂ%ay%| usefll @%Sprwmeiegmﬂitmhel&omet tredtrabyac Imcertam
(1.25-20 ;AM for 48 h. rowt h i |b|
profbredmeadineLs hedsd SRy LTI HOT Sy (r?-‘%‘@caﬁe £fggfide, ora
“gfé afd thytnidine uptake (Figure 3B). Figure 3
enonstrates dose- dgﬁ)endent [%rowth i nhi bj t

s ghvheaove meﬂiggr Yhe LI5S further

[0834]t ubaelmcaainrely ﬁ@’é‘h’l‘m?
m&&‘i’e‘é%&%ﬁe@g JfiRY celllafibr AafiGiaNRtiod of treatment
OVEer cone ect of tu acin. M 18 cells

withu{He prasein dgradation sebibitor. Iperien prafaediemboRigegs L B cbove
métg cfso %ﬁéﬂ@g}g s %ﬁﬁgﬁﬁb&fclﬁl:aﬁe&&[ae @regbon% a particular

neasur hym di ne uptake. Figure
trebtrilemonsimied Ehmptype_m@clm, gfeniia @ﬁ@b%ﬁqm@anwﬁs??ema

o5 G bl i RSB OER. Bpcmi
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aptogt%sg (c:)i‘ I%Qttulref 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
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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
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rational e for conbining VELCADE with tubacin in the
treatnment of protein degradation disorders. There are
two pat hways whi ch degrade m sfol ded/ unfol ded proteins
whi ch are wubiquitinated. The fornmer is the proteasone
pat hway, and the latter is the aggresone pat hway,
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t ot.0xi.c ni -
%V%cetnﬁ% tan uﬁ) C)g ﬁfd rx/éa}qgrﬁ lag S}ge%eﬁélﬁ% é@gé}@ngﬁtgsgﬁf th@muime
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[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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[ 0052] Fi gure 11 shows that tubacin inhibits MVLIS

cell growth in the bone marrow m croenvironnent MM 1S
cells were cultured with tubacin (1.25-5 LIM in the
presence (2.5 and 5 nM or absence of Velcade, with or
wi t hout bone marrow stromal cells (BMSCs) for 24 h.
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RPM 8226 cells were cultured with tubacin (T: 5 pM
and/ or bortezomb (B: 5 nk4) for 12 h. Whole cell

| ysates were subjected to Western blotting using
anti-Ub Ab. [0056] Figure 15 denonstrates that tubacin

and bortezom b i nduce synergistic anti- tunor activity

FHDAC @ezlﬂunb 06185781(98) MMDUT 2 BhERMNG 488 MYKE, %Ji ehaffetetized by

cultured for 24 hin the presence or absence of

ey philitydo mbibihprotein degradatien. media (o), as well as with 5
fobdd)(a) ofy s]a(ﬁ a‘hbiMer( éecg %et%ﬂbzgp 0 MESOJ R¥th6d & adprotein
a t ure
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PR A RS et MU Bl 550

then subjected to (D) Western blotting using
anti - HDAC6 Ab or (E) M T assay in the presence or

absence of 5 nM b 1212 é%{% 1S cells were
cultured for 24h f'ﬁ PerpiaL e Dravingy 5 oy or
[ea4BhcCi n (Egﬁ edntlows the Mpreﬁi;lnlof H\R%Y(BS mimanu;ﬂelb;yeleﬁle@\dm cell

1) Tifesvett sttt e ST 1bes BresShickd BitEndintine o
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antippgy. iR wieridemansteates dkat Brbagiy varﬁcaléssmlucee Retyiatiopaf i-awtulin in

a EBMaEs éeﬁglﬁfgsﬁjohured in the presence or absence of
tubaC|n (5p, M. Wiole cell lysates were subjected to

¢4t ern tﬁf@{re B neowasthe grosth inhiHwEEfeptef bybggin g MM cell lines. MM

[
t
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601Fi gure 19 shows a schematic of the
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gﬂm@w}%@ﬁwp Uh3fihof | uor escence quantitative assay
[0(543! acet ylgatesabphedliytepiclshréiein Wb frbDioh PRERSys 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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[ 0061] Figure 20 shows the toxicity and synergy of
Tubacin and LBH589 with Bortezomb in MM 1S cells.

[ 0062] Fi gure 21 shows the toxicity and synergy of
Tubacin and LBH589 with Bortezom b with RPM -8226
cells. [0063] Figure 22 shows the effects of LBH589 and

ﬁhidpﬁmiatado'ﬂheaﬁ:angtlmﬂhe groteatumte pathney Sdand tiieceter liethe dgétr%s‘éhﬁe
WS

PR e R A B R el BB o B8 sy specfi

inhiditery berm@ymitatVEESADRM asd abandin¥eee aaﬁmmranay 6f §idoxic
[ 0066] Fi gure

ce [.in MM 1S, and (B) RPM cells.
%%Wg’?qegtp ®iPhe specificity of Tubacin for tubulin

[aoﬂ]yl at i Grpuves SHéSvs kﬁé$td3§c:§§i§1hﬁ&§\ﬁy ehanédd QR Tdabrd-GHdN&426
shows .t he.chenical structu

‘a'gg?’ﬂ‘i}a'rlﬁ AL s Jinep, HEM;1S ({&MRPMISZ% (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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Tubaci n). The hydroxynet hyl substituent off the phenyl
ring in Tubacin has been renoved. [0068]Fi gure 27
shows the synergy between DHW Tubaci n and Vel cade in
nyeloma cell lines (A) MM 1S, and (B) RPM cells.

[ 0069] Fi gure 28 denonstrates the specificity of

O THERE s B{%gsggdé?grig.gllyﬂl@ﬁﬁeyﬁﬁmepm. Jﬁ}ﬁ&xﬂ&@a@@s that tubacin

acetyl ation. e 29 shows the chem ca
signifisontly ishibits MRA.1$ telligrofvihoeven i thupreseaee efifMECs. doreover, tubacin

PR e TR S abedin) “CTTS [0072] Figur o a1

[0ea3p NSt r aFizgre Kialespeadiates that fubadin Nicrifigallylinfuses aagiyldtion of o-
B O
(BYWediefi Wotrof ba8limhopeestibreofIYDACH in MM vadldineNK(C) d4M ]l Saand
g\f’gl(q%ggée ceillrs] wré%ecluﬁunr%d ?c?rlzlll hI i1i1 ﬁ-z%sbréséace wg %r%d 5 ﬂl@ﬂ o§ ggserﬁzgl\o/% tubacin.
) RPM18226 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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[0075] Fi gure 34 denonstrates the specificity of

NKI -94-1 for tubulin acetylation versus |ysine
acetylation. [0076] Figure 35 shows the chemni cal
structure for NKI-59-1. [0077] Figure 36 shows the
synergy between NKI-59-1 and Vel cade in nyel oma cel

RANIB324 Alls WikeloBiturdd ithBibaciRMT: GeIN)SendbP Btk EthibyBe SHkA) for 12

denpnstrates the specificity of NKI-59-1 faqr tubulin
ha&ébcgl? eglh Iygates é&%@lbjeygeﬂﬁ%wééf@m %ﬁ%\lﬁmg PHdMOAR gur e

§he6p hows F@ﬁr&ﬁ%&ﬁ&&a@&%&%&n%ﬁ’c{ bd}!e%mi@%d]dce oynergxstlc anti-
[OO O] Fi gure 39 shows the Séner bet ween NKI

tapapiastety 1n MYlerB acs dA) Ml Mi$226 MY, ceb\mer@ Byltured for 24
HREMe F&bacd or O%Qﬁﬁg]l&'g%}é%% ¢ M%g&#ﬁ%f AT (Ef)h% well as with 5 nM (m)

specificity I'n acetyla
or 10 nM (m) bortezomib; cytotoxicity was assessed by MTT assay. (B) MM 18 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 ant1-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
[3H]—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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versus |ysine acetylation. [0082] Figure 41 shows the
chem cal structure for NICI-82-1. [0083] Figure 42
shows the synergy between NK1-82-1 and Vel cade in
nyeloma cell lines (A) M 1S, and (B) RPM cells.
[0084] Fi gure 43 denonstrates the specificity of
[BB60182- 1 Fipurd Ifshbwina echemyticadf] th’fﬁnigletlswghbmﬁinﬁmroﬂuorescence
acetylation. [0085] Figur.e 44 shows.the chem ca
e S T A T
[896181 gy bEigwReID shislvs B tdkicfydn¥/ ejre g MabdNeina MBSl with
! [ ne(?fgj&)A%{vﬁ@/l %S, and (B) RPM cells. [0087]Figure 46

P 19 Ke!sspecificity of NKI-84-1 for tubulin
m@gyl at | PrFuMELIISHEWS the kdiGciH@al ¥imtdydl TubackPahll IFH 8D with
[ 0088] Fi gu% 47 shows the lfoec)tr@o%y%l;ubaci n and

é@@f?%ﬁlbﬂwlﬂbﬁﬁzﬁﬁd&%et ylation in

[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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RPM -8226 cells. [0089] Figure 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 |lysine acetylation in A549 cells.
P01 1] Fi géligerdsid shheswkhe chemiedl fsgradture for NKJag-h and

=-84-1 tu in acetyl ation i cel . .-

OB, TR RS Sty RPbeh R0 Sy cleage jnmygloma cet
lidee (A)AVINDLS) disd (B) BRPDAIcelldNKI - 82-1, NKI-81-1, NKI-93-1,

294-1, NICl-59-1, NKI-60-1,..DHW i d.. ,
8255 FlsserdrRephatees tepesngta NKIAR Tror fikGiin poapyiation
viePas kit acetydsidnTDAC i nhi bition of the

ounds-tubacgin, DHMiubacgi n, NKI-59- KI - 60- 1,

(82 oo 1, Fme.%zfgaws mﬁﬁmsai strugtgre Rﬂrgﬁé@:lﬁ
[DE¥394] Fi gBigRredBANSROWS sj‘rrl'w%rkﬂeﬂﬁgeﬁ HTKaf82ViddrdOtseade in myeloma cell
PSS Sud B reb Ul OB

[0084] Figure 43 demonstrates the specificity of NKI-82-1 for tubulin acetylation
versus lysine acetylation.

[0085] Figure 44 shows the chemical structure for NK1I-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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shows the structures of various conpounds listed in

Fi gure 53A, which were not included in previous

figures. [0095] Figure 54 shows the solubility of

tubacin in various solutions for nouse nmultiple

nyel oma nodel and phannacoki netics. [0096]Fi gure 55
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Inhibition (e.g., bortezomb
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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Det ai | ed Description of Certain Enbodi nents of the
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t he aIkyI alkenyl and al kynyl groups enpl oyed in t he

i nvention contain 1 8 aliphatic carbon atons. In stil

ot her enbodi nents, the al%%ﬁn p contains 1-6

al i phatic carbon atons. Inye her enbodi nents, the
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t hi oal kyl include, but are not limted to, nethylthio,
et hyl t hi o, propylthio, |sopropylth|o nbut yl t hi o, and
the like. [00117] The term "al kyl arnino” refers to a
group having the structure “Rl-1R wherein R is

al kyl, as defined herein. The term "am noal kyl" refers
to a group having the structure NH2ZR -, wherein R is
al kyl, as defined herein. In certain enbodinments, the
al kyl group contains 1-20 aliphatic carbon atons. In
certain other enbodinents, the al kyl group contains




1-10 aliphatic carbon atons. In yet other enbodi nents,
the allcyl, alkenyl, and al kynyl groups enployed in
the invention contain 1-8 aliphatic carbon atons. In
still other enbodi nents, the al kyl group contains 1-6
al i phatic carbon atons. In yet other enbodinents, the

HOKIAl gr oQertan peapausdslofhepresphidtvention Iab(bdlefﬁﬁtm of speclﬁc
not

I
ﬁﬁ Llf%io %gmﬂ% ﬁ:.gsg 8 CHQTd 1'}}]%:%5 gg?dg%begc}vg Sﬁﬂr PHPAESS 8%15': Ipgention, the
dhietnizal c{lélﬁ)&ﬁﬁr@mlamf&ﬁ ézmiﬂceﬁlaﬁe vthikd Périd»di&fl?abﬁfof tHeElements, CAS

S ) B P B A 55
grmlps l‘afbcgehﬁalis} dﬁlﬁ&i iksC‘desdﬂi%@ﬂl@@ld Dhﬂitidﬁall}a "g&/ﬂeral prmmples of organic
al ky| het er oar

het | Kyl

&?@%ﬁ{%x‘ﬁgﬁgw ﬁorﬁém@’res%ﬁayﬁés@yfymm Wd@wrlbedm“Orgamc

Clalfeyﬂlsﬁlb'f Ohobh@é 8éresd, UﬁMEltsﬁ‘y Selerﬂzﬁ B%B%aSé‘dsﬁlhb‘o 1995 thgentlrg'éontents

Qfﬁwg%wommwem bpefepme u"th@PGI)CRt il mlmsated by one of
Eﬁlﬁ in th@ gt thabihe s%{%eﬂgqp Nﬁ BQEribed Pﬂ%@l@ utﬂf}ze variety of

( CO Rx wherein each occurrence o B
A ‘?’fﬁ”é‘b‘% ﬂ’fﬂ’é‘ﬂf’c IPW pérm dergtecting grp@"nhﬂs ulsf?drheteetd ittipmeant that a
p%klbﬂglaﬁlh&mnﬁlrﬂ{cﬁ%s;l d éI:,kC hetse Fnoﬁ ik Rl ur e@%k%{i 9 ?ﬁ%‘i 4 féaction can

aryl , heteroary ary or a er oar
bakaried ent aelgetie Ytah@aoﬁier reactiviesite hlareuluﬁinpmmm compound In preferred

AL e LB OB BT B e

thst isstahledo e prnitstesiTedvtidns; the pritectiog gaoy alusthe sakctivehyaembyed in
scr

oGl o R e PR ERER o BB 0 R R P e

fundtdanal gmus; the @rqbéoaag gfoup (ﬁamg ah kagilp p@larabhbieﬂvatlve (more preferably
L5 ustrate eci f
e retoﬁf‘é“%@ﬁfr‘ff G e grup e ginimum
ofedditional f{nﬁﬁdﬂa&}yl to agﬁﬁ diirétler siteBof ie@étiﬁh s’AIIs QeBiléCherdh, ¥k Ygen,
?éﬂ ed he‘ﬁﬁﬂ? refers to a Staﬁ% or
ey & i S O \#rlwad pﬁwaabpvtesmgmups

are detbndml Ietediyhowere, it Will Betippiacia®Y Heths YRS&:t it Rhnqs not intended
to4H ubséltﬁge th certain enbodi nents, the term
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car at
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su&ﬂﬁlte!?l%ﬁ{ aﬁ@tn%mbglieéf%ﬁbs%g.\eg{s Ip?h.\éxct&%}ag@ﬂlea?s genFrﬁf I]]C term
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[00121]1t wll also be appreci ated that aromatic and
het ercaromati c noi eties, as_defined herein may be
attached via an al kyl or heferoalkyl noi ety and thus
al so include - (alkyl)aromati c,
-(heteroal kyl )aromatic, -(heteroal kyl)heteroaromatic,
and - (heteroal kyl)heteroaromatic noieties. Thus, as
used herein, the phrases "aromatic or heteroaromatic
noi eties" and "aromatic, heteroaromatic,

v—




[00122] The term "aryl", as used herein, does not

differ significantly fromthe comon neani ng of the

termin the art, and refers to an unsaturated cyclic

noi ety conprising at |east one aromatic ring. in

certain enbodinents, "aryl"” refers to a nono- or
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el O BREDER oo NG T b R e iy ot PR rtlom
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herein. [00125] The term "cycl oal kyl ", as used herein,
refers specifically to groups having three to seven,
preferably three to ten carbdn atonms. Suitable
cycloallcyls include, but are not limted to
cycl opropyl, cycl obutyl, cyclopentyl, cyclohexyl,
cycl oheptyl and the Iike, which, as in the case of
aliphatic, alicyclic, heteroaliphatic or heterocyclic
moi eties, may optionally be substituted with




noi eties may be |inear or branched, and saturated o
runsaturated. In certain enbodi nents, heteroaliphatic
noi eties are substituted by independent replacenent of
one or nore of the hydrogen atons thereon with one or
nore noieties including, but not limted to_aliphatic;
aﬁtbm)d,)auﬂ alkynyl gtwpsanplpmnn the inventéqroroptain k10 alinbatig gagbon atoms.
oar ot r
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pyrazolinyl, pyrazolidinyl, Tmdazolinyl,

I m dazol i di nyl, piperidinyl, piperazinyl, oxazolyl,
oxazol i dinyl, isooxazolyl, isoxazolidinyl, dioxazolyl,

t hi adi azol yl, oxadi azolyl, tetrawyl, triazolyl,
thiatriazolyl, oxatriazolyl, thiadiazolyl,
oxadi azol yl, norpholinyl, thiazolyl, thiazolidinyl,



two, or three hal ogen atons attached thereto and is
exenplified by such groups as chl oronethyl,

bronmoethyl, trifluoromethyl, and the like. [001311The
term "am no", as used herein, refers to a primary
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[ 00136] The phrase, "pharmaceutically acceptable
derivative", as used herein, denotes any
pharmaceutically acceptable salt, ester, or salt of
such ester, of such conmpound, or any other adduct or
derivative which, upon adm nistration to a patient, is
eap ahﬁtmmmgitoow:dtwﬁ tefdraltoragdddayring conmpising at llegs)t omheteroatom,

i Ly T A—
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ROELS] | o alh B prnichinifd Breaiinald o Bt T ot Baence,as
detibed/hetrgin ma/yu be httacheil vdh ﬂﬁalhﬂ ofBérbalRy1ahoiéP akd thus MY BBlude —

usce noval vi vo yi el di ng, t he parent
Q@‘V@?lﬂ‘% s(g?t 18#%1: c(b‘?‘%‘"g‘i‘lw)h&tef‘?aw@g‘ﬁe%ﬁdes An
(mmmmcgl)mer@ar@mmdwawb STRR, Rk&S heréiﬂltﬁélpﬁr&eﬂ‘a%&mﬂ drn
i el.d. g, conqpound of interest. Pro-drugs of

t
R?E?‘f‘?aé%ao %f‘n"é‘?}’ﬁfﬁ ot daromaiiey bagroaromafie, ik rsamrsigs- f or
(Haémwaylpazdnﬂamt NBetRB51RNShe R RIARPAAE Sanki Qg}iéff? )ﬁ@t@roaromaﬁ ” are

tot'he pr esen?

1grogdru are_known and may be ‘ada

ERFRInEP Rt Sﬂbﬁ#ﬁ@&selmm@abwwea@é Epitabioeanyenfithearéwiewsly mentioned
sabstifhcht G eU YR subKNRNBSe o7 ogtaﬁﬁﬁtlc mIORHEL, 5?{09 éﬁ’leldﬂlgi%ﬁés as

rat her than bei ng acti vat are 1 nactr
disslosgddiereim respiing &(féﬁﬁir@aﬁfa@fdlsgbb@swom ein, many of

[GdeZFSt efnfe%h?‘*a?ﬂq“%gﬁ&%%&d ﬁoeg hot cﬂﬁ' 1I OS] g ga'n@x(%: IgS]i;e common

bi ol 'ogi cal l'y active but are Fnactrva
megnipg pf the 'ﬁ’rrp Iy thie @tt;fgnd aefkrs émar matutatdd&ydunhmats cambtisifglat least

ohd B Sl Th Ct vgr?d“ ngl 0 Sgl Tc& rgg SRR OGP’ICP@%Fe‘iagbé’cychc

est erase
1ipg mm@mMe pr modirmrgﬁlcn‘mgs mkkdingcbua hbtaingicbday, phenyl, naphthyl,
o the conpound, which nmay

tggﬁ@%?g?@%ﬂamg an eﬁ%ﬁﬁéﬂpﬁ# i ncl uded are

[09%2Hat i o mﬁm‘mdmmrwn ag wad hd:rexlﬁsdoets A6l diflrREnificantly from the
d reducf.i on reactj ons.

catal ed oxi dation
TR e P tﬁ’htg ik B sl TR oEPRRET R SRdaving fiom
ﬁ‘p?rta rtevartreg Hioroedfl whictcaR ping tot Fesleated MBS, Blahli ND8ero, one or two
| Scus %%ddﬁﬁlggée detalldher in belom1 [00137fThe term
rm% THRepee HeTRPEs Hdepeascly selgcted fora B Oand Mbiaed the
retibinirigz(d dtainedré eGPorQ TR rixBéal b&hg d_ﬁ‘)niée 'ﬁ)@l@ @&t Qif thé Pofkfig Via any
rt of the compoun | 1 nkers are

th
°ff§€ an%oaé%lgsr i or $X3Pleg pyrigyl, @xEezingly Pl%ltl’éld%mpbd pwrazolyl,
indidveolyE; tHiBzoH e fdxﬁﬁﬁ’yl bi@d)di%mvtﬁlahﬁ%l&p bkéﬁﬂz@@}, ?ﬁgﬁﬂeﬂﬁsﬁlranyl ,

The term’ conpound

139] npoun
q“i‘lﬁ’g‘ﬁlﬁluﬁa‘?““&gmﬁ%wtﬁ%}l@ n can incl ude organorret allic
[0gxapounds,wilhe ﬁﬁﬁr@clﬁmg’t"ﬁ?ﬂ%? H&Er%léé/l grto Eddﬂ'%amcychc aryl

metal conpl exes,” and sma ecul
STOPEX Sp e @nfélhﬁw%mubstlw Wﬂl@?@llreﬂlbﬁtdemomndum céplateshent of one

or Ho?é’%fttﬁkeh};él%éeﬂ' fo éonqﬁ) gl’gy with ot ?1'9}; d02 eBrOé ef G F%g)élawmg

enbodi nent s, nuc eot|
mqqt?t@chh@mgebutmpt lmmedctb aixphipwuaidgchd hetaropﬁqx}ian@l]ie&fdcydlc

aroﬁ{aﬁtzq{erte?%rgrﬂ%& Er??@x%t’erotalar?eaﬁkgﬁa%l gfggrﬁ%ggl Eyta]fllﬁllil%tetéﬁ?ﬂﬁyl

smal 1
hetarpalkylhegomaed; &lﬂioxamtylexyzl}mtée:&lkpenthet&e@;yloxy, alkylthio; arylthio;

hetgx%éﬂ(gtﬂ% e}%'ierc?a%fl gﬁ@%’iﬂ . dg?—i‘“ﬁbz,%ﬁp el A8, -

rganone
CH,0H; -CHZCHon —CHZNHZ -CH;50,CHjs; -C(O)Ry; -CO2(Ry); -CON(Ry)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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[00140] "Smal | Ml ecul e": As used herein, the term
"smal | nolecule"” refers to a non- peptidic,
non-ol i goneri ¢ organi ¢ conpound either synthesized in
the | aboratory or found in nature. Small nol ecul es, as
used herein, can refer to conpounds that are "natura

pf Rﬂﬁ@dpeﬂldeig@y mclhdmﬁbﬁt Esl. not hﬁg&&ﬁ)mlhpﬁﬁﬁl dlicyeliceBatérealiphstic,
t ted to "natural product-|i

RS, o el teaptsl e Boperkh Py SR mA e rossth |

héigbalkflag Do R teRSISBERE kY], WiatkdiD tmh bardsicyand has

gﬁnolecular wei ght of | ess than 1500, though thls

STPARDic, belPPBIIIE- Syl orelkytheierarey Bebstifoants ¢pgripegrabove and

hé}@m wwewﬁsumfedtob EnRbEBRE, blaAMRA b @Abmlérsmnﬁﬁte%r unsaturated,
mol ecul es” that occur in nature include, but

h?&ln pyatitscpromatic; hgtesparomgticeryh heicroanll -(allyAAsyLon.
LiErS a9 substifinks d@?&rﬁ&géﬂﬁﬁe aﬁcﬂﬁ?en‘? Gy B H%E‘tﬁﬁfe& BFurdsBbstituted.

he ‘I abor atory 1 ncl ud ut are not |m
Addipenangt wélshpra:pbl@elaﬁedx i anyewozadjacqnt Sroupeioke togathey ay

v
YRS, Lt U M RPN | D i
mpistu dditional eGunplet dfigereraliyt dpplinableaubatlhmatd a@dllbstiBrd byl the
8565 19 ‘nuorporated
e?cigg %m Od“ﬁg% esl(rgéﬁ'?en)‘ i ;Examél t ey ed PSP 1 ed
BaEsdi e nﬂ‘he terma fcpyred allqyl”oahmbd lldrdm, rsimsl sbemﬁxiaﬂy td @eumhaving

ik 1 56 pleretgtl il Woanroh BOWS Siatable SrPIRRRS slighcut ave not

Iumifteeirts cymm@m@yﬂdmylh@tclo@mymmdhaxyl fo9cleheppyl@xd the like, which,

has sel ected thr.ough .
et a%ﬂﬁ?% &Wyyﬁc R GRalRge BRSO P G prtionally
mnbstmtamﬁcamtaﬁ@ts iaclbdigs) vdeds linyte@ tchlighatRl fickMidf
ionalit d a diiverse selection of atong wthin

¢
1{9??2"3@'??%& Itﬁf%ocw > EFmetiedistessaromagic ayls hetgrogpyl; alkylaryl;
Hemmywaﬁi axkylhaaea@s haefohwme@ﬁaeg@mo&g FBxy; qa@@%ocamsxy

st ze, hydrophilicity, rophaobi ci t

IP@E@W@W 91kt’16‘u?ra?ﬁétha> h@woaﬂfvlfhlhélefemaltheﬂa b3 %é’r%‘u 5SOH; -NOy; -
(m\ue@?thchlft;h@mqp@m@ﬁ J@@&@WGHM*‘ @i‘%{g@zébh 8&(031{,(,

functi ona as used herein, can prefera

(R -CRN Bels -6 @t D GPrkss -SONRels: -Diodrer HBDot MR COR
vHerdiPEdeh badufBhceVr Raﬁdhﬁ/e%d%ﬂg'%cmdfeé U £ nBHﬂﬁlttédqg aihphatlc

noi eti es. These struc ura haracteri stics

alieplie,i heteagaliphatie rhpéaroayhléc, arpwmatic,ibgtsraanmusio v, heteroaryl alkylaryl,

ek OB 508 ik R SR, PR ly BB

aﬁ@b@lib,dlqtemahmad;b,dgztmyclme eligplanyl, or alhgiibbtermmryhaybstituents Bescribed

SRS 308H, oV B RS, Bl e o

usatfireted, and “dnm}emmllyexﬁ tHeeramiativphetdryardrhdic, g1 drsheagaayllsaebstifuents

LGB SRR bl e AR Sl By Sl o

gemfa&hysapplﬁza’bl@ sam;yium@ds arUllest@ied BP ittt spedifi@émbdalielis sHodman the

ol.uti on, making it unavail able for use
Ef‘?f“@ﬁset:’?f‘tcaé‘f &eéﬂ’ilif P& reactions. In certain

[001D6Idi et terbd YheRBIalibha210”, GO B hS R, AF4E ) iphatic m01et1es in
nxlronnents nder phyiﬁologlcal condi ti ons. Exanp
wE{eh,gBe g mpis erbpR gomdén thegraisheindisye peemisulatiites W@mhsteroatom-
W&het&ﬂgli‘phaﬁ@éroﬁﬁ Fefer& LESSH Fﬁdti@ B4R %ﬁdﬁ‘%@ﬁtﬁms BH@OI‘TE&@ bxygen,
chel ator binds Zn2+. In certain enbodi nents, nol ecul es
sybfur. piregen.hiosnharus 97 @lisqH aloms egpimplagenisarkpe aigrys. Heteroaliphatic
considered to be netal chelators. [00143] As used
herein the term "biol ogical sanple" includes, wthout
limtation, cell 31




cultures or extracts thereof; biopsied materia

obtai ned froman animal (e.g , mammal) or extracts

t hereof; and bl ood, saliva, urine, feces, senen,

tears, or other body fluids or extracts thereof For
exanple the term "bi ol ogi cal sanple" refers to any
nyoieties noay tellingat os lmpd:lmd apsatimated ofrmesaturated: e tathibemiidiments,

hcé?e%eﬁ éﬁ Alic F%Ol%_@y ate sltlg,\ée%{ lgr éeé)g%igﬂp %glg di g@gte?fl oge grygore of the

lyyda:gbls atomn  thersoh mt(he:hlb ot moreticieties ScRud{rpon naﬁlnﬁ)ﬂte@ﬁb gliphatic;
nstagce a vertebrate or a

SR et B el erened abls aPerp allylary

dﬂqnimltewaﬂjdj SkbxypiryRoxLivbsRodliadxly SlitteraHry18LY; %ﬂ(ymﬁoaarylthtm d)
at e

di to be d d t
A R ety s C i s O N0 LE0% rFs) KGR -
CH)OH] -OB}GH,0M; -@th‘H?SCHzSOZEWQC(@ﬁrxJ TOfR, gebbeéﬁxrgi €HC(O)Ry;

@ %)kl 5 trac}éqa honbgenat es racti
FORRBr IHON R -NRa26156g2Ra - NRi(GIOORx Whesein ieesthgpusegnce of Ry
ihdegérlie ARYinI8dR b&ﬁisﬂ%@'lnﬁﬁt@dﬂoaﬂ)bhéﬁct leéyglgg Petegﬁﬂﬂ‘euc heterocyclic,

saliva (or a nnuth wash cont al'ni ng

afomptie, hefpropsepatics eyl h?tewrryhelkylarrylea ﬁhqt@barmlsmmaucylaryl or
hfeﬂeraﬂ(ylh@ﬁ'fHaﬁxl '%efre!lﬁ' hng of tfd él%ﬁﬁf‘ca!ahcfylzl% Het I%ng)hg :ﬁlﬂet%ﬁ,ocychc

Cor cel from . aquedus or Vit
a&wlaasﬂwr@wihegﬁrm IS@hSr’flbny\tS dwcnb@lr@um hegein maylotatubstituted or

t b th
uﬁﬁrb&ﬁ%ﬁg{l: tbl!raglﬁﬂ%iroq :uﬂﬁlﬁnéheg %ﬁ%te% 5t 08 eﬁ%urz%r an% w?%%rglglraf)? 8#%%8
agpnjagipretefaarqatia, armqurﬂubte;o@ryh tsuhstltuant;; desatibegifabexetand hbygin may be

sx%sﬁﬁ?e%l%r Wik stﬂlﬁe& h&'ij t %; gxa%% €s 8 %c%n% lg zlt)p gzalﬂ.f) Flg)sg%xfpts are

or septic arthri
llbletr@tbﬁl by the slpebrﬁc renﬂnghnmn’g ahovad mtthsEmeﬂesﬁBdt Wbl dégtrﬁed herein.

QB cr TR PeieRRT G TR PPl T hy o lpaed bren,

refermth dompoees bs;luc&mbnibﬁid the Prof@ti® oThetefodBiphatiBh IBliC&mpounds

clude sections of tissues such as
a’?f g@&ﬁ B‘é%’t‘? i’ E&h S%‘iateﬁ e prsaiyrated menar gpRA¥Cyclic cyclic ring
stheﬁis(hgvmgB 15 bRl seFhedis Bt lbﬁ%ﬂédrﬁlgr&dﬁﬁ WaArteRdatdth MQHUIGRIm 0, S

cules nc¢l udi ng, pr ot ei ns, pi ds, carbohydrates
oo R AR TR A e LU Feiogmp ey P PP patiend), whercn

the Fiag &ymtdr@ébtﬁﬁalﬁﬁﬂubstﬂﬁte& With Uhe AT RRESS gl%lufag‘ QU ined

t he l e |sﬁ5re erab taken froma hunman Subj éct

hegerg, egal[n emb p)@gtsntgy tegj@ “heterrvetsallanh festerogyclei or “heterocychc”
reRaClo@of-ardthdiidS-, 6Y ecﬁ‘37t meftibEred 1 IP? of ?ﬁmﬁ@‘n@?ﬂglﬁp AfertiRGlcast

herein, refers t’o humans as we as no anl mal's,
O%tn%ﬁ?%tséé’éte&afmmc{fﬂdrfmm O, § aed Ndivhereinftoy nigmgemehé sulfur
hBOAGhSmaPhd

single Iggf &ﬁmnflﬁm 4"?%%63 2 'Hng}Ed}? +%a ol I{Oft s@ﬂkéd %é\ga 185 oyctic
grahe Cempréticioivend sbompmbgid rlagsl h:alvmg betheam bmeednd thrhmheteroatoms

1n§éfa'éﬁ&hﬁ ?ﬁ?&%lffad' )Sggxg% a nd g l}éoggn nci{égelm F)geafligl "H'begﬁ ring
hap(@ quéyiou}:ée blogs, eacm@tn,embels& eiap hasaiot?) dbubla bpﬁdsrmﬂ €achOr a

t.y ansgeni c or a human
8 AR RSO a0 5, o GBS oo 5
opguﬂrqlle(bb eglidized,{ii® Ithermm@g'en hﬁfeﬂﬁﬁﬁﬁmﬁlﬂo ptioR&ltsH Qternized, and @iv)
9 %% I ratlon t E§F ues. 00144 The term
angf %OVCF%W’& clicgines b s WTY i é?tar&érgl Fipgt Repragentative

hetech&déM@blﬂ& bieare asmpniRed 16 helchRydIBVRIBE hORES)1 ﬁf?ofﬁranyl
erformtheir intended function. Ex

ect to
bir BX}f‘é%l n&’dH?/fﬁ‘?lsdt*fwé»tnvaq@%wé,tpwyl@éylusrmﬂlamh@vlude

|nject|on (subcut aneous, intravenous, parenterally,
intraperitoneally, intrathegal), oral, i nhal ati on,
rectal and transdermal. The pharmaceutica
preparations may be given by forns suitable for each
adm nistration route. For exanple, these preparations
are admnistered in tablets or capsule form by
i njection, inhalation, eye |lotion, ointnent,
suppository, etc., administration by injection,



[001471The term "effective anmount™ includes an anount
effective, at dosages and for periods of tine
necessary, to achieve the desired result, e.qg.,
sufficient to treat a protein degradation disorder. An
effective anount of conpound of the invention may vary

amidaralidinyl, bipeﬁdlﬁyls)plﬁeﬁﬁﬁ}h o8z dﬁteorﬁkcggﬁxlsj;?tﬁogﬁz%l% A@éxazolidinyl,

nd I t.he b ect
?b"ﬁfﬁ%@ﬂg‘nﬁf‘ 291 ST BRI o teireg v izl éhla%@zqhédoxa@%@mke
It]ﬁadlit@lﬁ,lmh(ﬁé‘dolyl (RS PESing 1© S ABINE tm&m&lﬁylafébtﬂﬁ&&lg ¥s8ﬂuazohdmy1

\ﬁ/%?ﬁ éhe opt.i mum t her apeuti c response
zeliligthdetrahydmiver], and\penzefised darivatines ﬂwmf aln certam

eﬁlﬁ&ﬁﬁl%ntﬁ Q. “QubstlﬁteQ%el%fogﬁ% %) hé?éroéﬁfbaﬁt 1”&919@9(1 ?éhc ? EFoup is

i nyentl on are outwel g he t’her apeut
Bilizsr peq agused lveé%srefe{sdma heqrAcxclve malpﬁ@amqyelaalkyl cefhétembyohe group,

ANMERLD HovE, Qﬂ%ﬂ%@rﬁfth% lgﬁedig&#z n#ﬂg{;é %‘%&%WP g thage of the

effecti ve dosage

hyglregsngtoms tbmqglhwh it efeaptlizhijedzb eligghatc; Qlicytclic; Motermlifigtic;
bout . 0,1 t
E’E%}XC}WH& %aﬁ%&?er@a&%ﬁfcaggf%%)% gu blagcygl&gthege_{%li%@l

even notft

zﬁ@rl ero@'yl; betgropliyyTheterodryl; callé&xy;gxbﬂ@;y, Hetélﬁalllox‘m h&&oa@[ox?

s et L SV IV
@Hﬁgeﬂlﬁdm CHgDH; e%@ﬁmmvemmg,eaﬂzmﬂm ERO)R,; -CO,(Ry); -

EPRBLEL TRk SPhem T ACONB PV ERE reiDeR ?ﬁ@(@é}&merem

dadadxtcmrarcd DR fmg@eﬁ(ﬂentlh énchidby, B6Gttis n@ Wﬁn@ﬂ |ﬂ9 bligHa86 3B6lic,
a

]{){? a§ lé I\{%reovelg treatnent of- a subject wt
LQPLRRle; Reigrosy ol promaiic detsrrstamatiprary, hestiprstinalkparyi.he
alltylterdroa0y1, KeddtodlRyaryThe hetefdal§lRtetdaBAWIRRn By of the ali hatlc
r.abl include a_series of treatnents. ﬁ)

E%ﬁﬁi& bster@lg}e?aﬁcelaefer?@cleq, alkylaryligr ety heteapd strhatlmﬁnts ﬂ@cnbed

aboweaint hemwin hayt ﬁk%ub@iﬁﬁ@d SfunRekNERE BARKLY & !ﬂlbltaﬁcl%Q turated or
g %o one tinme per week for between ABOUt

n?af‘s g a&%&kgremmnﬁpéﬂlamo;na@@thmmrqnm, Byhoe biistoarybsubstitutents

dpdcabar aply mﬁ%%?ﬂaﬁ@@%slﬁu&@ ot udéﬁl?séﬁl’ted O&%dﬁ\{)ﬁﬁ ef(argglsseor

preferably for about 4,
gesplepRlicabletshbtituents ar_eﬂﬂmied by thesaepificodmtmdimensahinen of the

EkipIEd R S fla kil reat ment may ncrease of

decr ease over t course of a particular treatnent.

WP@@)%MQ) Thddiggnally, hiomélds tappredited thatamiy-of éxe&ﬁﬁbrcﬁe dr heerocyclic
[._const.an con itio

midRABs JRLA8RBNLGNE Berﬁﬂl%éy[caﬁl%gfﬁ ap ALyl oah%tﬁgarér mio]ﬁyrﬁgpgdhereto.

an I nternal environment
Agdigpral exaplerd ;ga!etralbszippluceabke rsebstituents yreanﬁdtfdieﬂ Yy ithehpEed

f ces i
erhfnGRTHENADn e Rip Gl Tt APertriree R e s
“ha@lgm T asfueedsherain safiyr o aabtbmatlested HOmMBAAd, Eﬂbhf{@ bromme and
ol roved t herapeutic property of a conpound of the
I'nvention, such as reduced toxicity, e.g., reduced

[Oﬂm%r cal d‘ﬁﬁh@mﬁﬁlﬁaﬂdﬂ dnyl “heﬂl@é&i‘ﬁé& usls&‘ﬁé‘r&h\féﬁaﬂ t@gn atomdselected from

vatil.on "i.pactivate" "anti-cancer'
ﬂuptrlr & aﬁ')lOﬁ]ll’l&tbé?l’Hlne and 10d1ne
[00130] The term “haloalkyl” denotes an alkyl group, as defined above, having one,

two, or three halogen atoms attached thereto and is exemplified by such groups as

chloromethyl, bromoethyl, trifluoromethyl, and the like.

33



degradation di sorders” as used herein refers to
dimnishing or elimnating affected cells (e.g. per n
of a treated biological conmposition). In addition,
these terns include reducing or abolishing the protein
degradation di sorder or the protein degradation

fioger der . ThE&rafameaenk Leaeeredl, foférk tokshrind @Nm),@@doaaary (-
I n the exanpl es bel low. Pre erably t he pet hods of _the

NHReh tertipny FHBwt) of aragernarealiRiEele) aminenwhetf Rect@dd Befies
inﬁe Aentty Qﬁﬁlﬁﬁxaﬂ% SRALRL, hokroafifhale, 'h@@efb@&(ﬁﬁ; arBﬁﬁﬁc%r@xQ{eYoaromatlc

east” 70% of the cells are el i’'m nat ed, nor
pp@er axdsifipedsherdin aBxangdexof gmmwgrws @cb&def@i @zmnyt ligpited to,

Jnsfﬁg&n% Mg,plahnﬁea @@gﬁ&%{ogg g:?fam%%&rb%ﬁ}‘ll I

pretera ast still
npptéﬁlethabhmo m@%mfannm pwﬁﬁ@m,éumetéylla@n@r andgirppiilamined.

biEa e 8 lenf ARGEA 2 B iBa hileif REARRIAMNIRE ibstituted,

red b oun reparation
lmrma:smrr&anelmd seranyatdiadieedend rpolicabdvasisting salewlbaqf cetbpn efid hyalrdgen atoms,

f“
RIS s FARS el P ARELBBRs o bElEMR ot Y il
[@0133] peri Qde &iml“ﬁlkatyt[&ﬁie” aa&isddsheré]ﬂ;h eafa'stto zga;bstluateﬂ be
a stable a

i Prei o5 i TR g LUPaR B0 BT RgRIgly B carbon and

l\i,\yhhﬁfgﬁﬂ Bidink, maﬁﬁg]?l@mﬁ(ié nt:hxeon ﬂumﬁl,thafmﬁg adifee hlendei“reat Ibﬂth ends
FRTCIRRE (AR IR e R AR
cﬁﬁbl@ %ﬁcﬂcaméxish&tﬁé% tﬁ&ﬁrs@cfarﬂ'ﬂﬁ@'fﬂi&%ﬁilﬁ afd be&s bB@nolecule.

is relevant to the treatnent

lp@@fss] Tihbe e Gelaylidens™, ps wspdherein. refprs te.p subsiiuted Ofm) |

Lﬁ@ﬁlﬁﬁﬁh'te%; hri%ﬁlpér' Hhch® Bl fhfited ARAREradidhl BAAMIngRYEIyRIf €arbon and
acid, etc. is effective to treat or. i s suspected

hygirogen ﬁgméfhﬁ@@g iTpm tve o pearbomatpmpthaying adige Nelgageon” at both ends
FRALEE1; anll ?@%@‘ﬁ] tho @nstaﬁﬁ-éﬂon@ﬂ%’écﬂ{ nly ﬁ%?fe%oh& and wherein a

| NCreases o ecreases I n activit a cel in

tripls bowdeantesisehgbuesmtee fiwst w@mﬁ @@Wd}aleﬁnd he resh v’éth? mglecule.
[gg}éjislrs!j1 dt heyh Rt J%hérlvf&@ nﬁﬂca%oés Js&d l?etr?ﬂ r{h@{é%gﬁal l’Ot“ﬁk&yI”

ation of at |east a sub-population o
“abrymayii,niietesnalityl’t, Hlatteroallenyl’s Eutteapadkymel uTalkyilidene? mlle&w lene”, -

@iy BASOARAML S ke, FhESSAALERA0H, MRt e
edécsnpademlb&mutécb andupsnlgtieited, ekei;ﬂnmahaamd@mndh@(grd@s Similarly, the
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FamY
saturated and unsaturated groups. Additionally, the terms “cycloalkenyl”, “cycloalkynyl”,

a5

“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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vertebrates, e.g., manmals, e.g., rodents, e.g., mce,




"peripheral adm nistration,” and "adm ni stered
peripheral ly" as used herein includes the

admi ni stration of a conpound of the invention(s), drug
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brosis, Pick's disease or Lewy body denenti a.

re[‘%‘ﬁ‘%% %‘]‘ us faagalpbefupctionais ‘@quﬂg’quuétiﬁl@r susceptibl e
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v ri sk of having such a disord
mfge‘ils g] ﬂPH’é‘Yc%i"Fﬁw saReblsrof derming & eomlgreiie.i ccbeléifes b véth a metal jon.

Il dv@iR ek @RI A EnfbifRhts(d fEfat d¥1af 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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indirectly inhibit protein degradation. The conpounds
or other therapeutics of the invention may directly or
indirectly inhibit aggresone formation or activity.
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I REROtyFE AP VEidhe priEtecd apouicylar asthantr s, days or

[0ua8)s t O PRSESS“HoAR : bl effi of the treatngnt,
Pheﬁ%types and net hg%%lt} %‘é?%&%nﬁ%%%mﬁ?{gﬁ@? B%%cegfi—?a“c’ or
copstagly sucifiqns i ¢p intenal enstiooasntdescri bed nay be used to

Wes@eEN ory j SLhat may benefit from .
e by o L B vt
IRy IPe ko fhitvensionitimt crilabteaiit effgptinetebOinGgios ah a SN A

e [ =Tol S . obtaining a sanple for use
O e S el By A5 TR% B v Plined pese propery
ofgreompead ¢fbrinhentionmuchslédiced RIS . ASRESIed hfpercalcemic

acﬁgﬂﬁound or other therapeutic of the 1nvention is
packaged in a therapeutically effective amount with a

[0BHE] race (inaciblatiyg, 2tnanivaine” Gatat @t adli-bBAb andAfat protein
degﬁ %Jigog)?e Sl:;ar# b% fornmul.ated for treating a su%J ect
urtering 1tordt 8 heprlnefiry 191 Emingshingysy skirmingting affected cells (e.g.
peded) pxdatateaaibiclogiodl defposdtich) PBLARGRE, sk Rerlnd ?ﬁcﬁ!ﬁ% tréd?ng%% or
blre 1o

to.treat a subject suffering fromor suscepti
abglgsg{ngﬁﬁe I{fgﬁ}f’a%lgfqdaﬁlplbqlggqiqg@f 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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[00180]In yet another aspect, a nmethod of treating a
subj ect suffering fromor susceptible to a protein
degradati on di sorder conprising adm nistering to a
subject in need thereof a therapeutically effective
anmount of protein degradation inhibi tor, to thereby

treat the subj.e er.i,n bl
oLt S PR o e B b Al Pl e nfer of
afgeuiéﬂ @glls i uiafegﬁrlaﬂ@l rf:ﬁ;olbe Méasaad b péllshcbunts; peranipf preparation. Such a
egradati on di sor exa
RS RB T P PR AR Y G Q#Bn%wﬂ fé‘ﬁ?}]&ﬁ?ﬁ’g i
péggonlolgmdh,}{a}}} 48l RrRd #t.n degradation in a protein
radation disorder, conprise contactin {
logugal et ATl DOOH & o RERY B PO O TARp o8 S herein may
{L%Q b NEichR Yakl 1ok ta BRI al kBl £kd/ok Hﬁralp&hicblﬂ)t &ffectie Blood serum

surrounding the cells, for examl
leged ofie therppenitis crmPORdcH theriavesBon, ot hedimeiy thcthd‘rfakes for the subject.

to%i(ela?g b Grantdl 01?1815‘ %ﬁ%& bREpbRE, &l &9 p@ﬁocpd&‘ tid selebted by the subject

con actlngt tor to the cells. Alternately,
oﬂH&dﬂwmtpmftﬂsmgalrtw isyelewant fratbe HgrimeRt. t he i nhi bitor

[ogi% ugh aTﬁe%}%ﬁ 647 of b £ éfSrs &5 L85 ﬁ@ﬁhﬁlb %ﬁ@&el PBiein,
e r 0

ependi ng on mn| stration,
enzyuhe bmttbody,nmg/letc raidedtc. tthat mﬁg&cmmto Hegfeos s sme@tpéef beipg effective

bl ood be applied or adm ni stered
to&TePt e vlntd%gragi%rgélqdlisﬁp%}éed of the inhibition. [00182]1n

[oamzt] her d&peth “‘mudtlhet sefof td mtmemes mrrg:caasps i1 g pctivity of a cell in

ation di sorder i subj ownr:
rero e oer g Arcarreaet e i <Br ThhRron of olifraion
alﬁilltbjpﬁﬁém dérgaaiaadmm $daktal subrpopmyumfbyumyn pgipebsuoh that a

% %,k]f’rg %&{l}gg‘yﬁp&tﬁ r?pegﬁcg;egﬁgelﬁ ghe eSdg %dnne'ﬂ% this

p}hﬁgeas mfdnaéﬁ 10 finclleM Pkd¥ih dggradapion dbrdetagrond @tdtnm degradatlon
di sorder, or may need prophylactic treatnent.

disgderas Pﬂﬁ one aspect, the nethod of treating a subject

[00443) OF Sits eBRt-bbhaRirgd iinfh@ddet incdllele pasthlsing) sylitlesizihglor
conpri ses contacting the cell with a protein

oG RASIYIERE thh RYBPABAS ofthein¥eHiclct i ng may be by

[0@ jjt i on @t pfn%s"‘Bﬁbﬁbﬁapidnhﬁls@attdnuhﬂh Sdisterddl paredtbrlly” as
I's, for exanple, to the growh nedia in whjch . the
ussé bereingneans moflespf eﬂm@s@trgtlmh@therrfh@ sl aed ;%ca%{;ngpg@on

Jggnwy e%ﬁ&} EX%ﬁglﬂﬁt%C%tﬂ&xtﬁlﬁﬁtailm et oud, GntbRAus6Rh] S.
ter na e confacti ng y ‘passage of the
iniradriepink, mtrathmaé,ugmacapsslm le@aorblf%rln@@mﬁﬂcetntr@f%fré?l intraperitoneal,

trangml({l])eat {u%{ﬂté?t{ébusd glg)%%dli%l 19{11aa1r{]&ﬂd'r9 Létx@ca?iulal subarachn01d

mnistra tor may travel through
intthgpérsd andeintrasierial arjectioe abd whiont r eam or may be appl i ed

[Og %73? ITE Eltﬁlt Fr e g ﬂdf%‘:’tdl(}fuéeg c&rg{)éu%dg: ?fﬁ[ﬁ] g%‘ijen?; thhfGin be

ohe  aspec assessi ng
mttabolekd inaey Gdnemilyaht profrugh areenetiolizedtin e g nsteiases ar bY other

S ect co ri,se rmnin e QL. et .
meshehSes STV en: 0 BB ShiR BeorRle AL SR Sadt SR TE Bhaer
b1616@i¢8b Icoﬁﬂltlaléspgﬂﬂhey MaglBgleaditityon thaihinbiared fdilT.!lSt Rgamples of

subj ect, . an et ning.the o e es
prafirgs angbeinpser slievr?ﬁr &Eﬁﬁgggﬁﬁ#n%f?fgﬁ a aorH)

“pARh Rlettal SaMIeUePRarkh Scinga ulhi af. lm peédrm@eaphem@pgtp@m situ during

i ndi cates efficacy .of an treat 0018%] Effjc?hey Fed

purifie

the ffing] iselgion pBdh PUmRRt B OhiBe SopRyn %P‘" Igacting
cdniYuB@§Eits free acid form or hydravvl with a suitable esterifying agent. Hydroxy!
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decrease, appearance or di sappearance of a phenotype.
Ef fi cacy nay al so be neasured in terns of a reduction
of synptons associated with protein degradation

di sorder, a stabilization of synptons, or a cessation
of synptons aSSOCIated with a proteln degradati on

di sord 001 not, de i

QPR PR Yf&%? S i %8%@8“ Sy (oS APORE Bxaliples of
;i'dliqcﬁﬁ’é nﬂgﬁi&ﬁesQﬁclﬁ‘dé I¥pstifded dnd unabetitpied, brached Calunbranched lower alkyl
t hr ombQcyt openi a, neufsopeni.a tic.lesio
esfsa@mﬁa?sﬂe 2 PR %a?f 10\&%@1“?‘%%%%? AP RFFAKYl-amino
16%RNSR LA ., &B&Hﬂh@in@&thfdfesﬁﬁt wy!hnﬁhcalﬁwar tiefllesters (e.g.,

per cent alge of _mal i ghant ce

Cet ti.on sta
BB A sYE-asYIsxplovREAlH éstﬁlls by gXYHP*’é‘Q/Yi ot ary stors
gffeiféﬂeﬁgrl—l(}w@?a&lk&rl sths A8 Bbenyl eter) Hlaﬁéﬁutedcg .g., with methyl, halo,

|t|n lon I n mature iasma cel

oag@ KusubsiitueHts) arydi grekarnl- lpwewalﬂd eaers) aaaides. lowter-alkyl amides, di-
l&%r ol h#d%\s/ Eﬁdshg@}‘oﬁ RinGdés NDHRAE 86 PR Ffoﬁﬁxgk ThelHaE Hérfvatives of

of caspase- 8 I'n ma ure@ asna
compbtslds pEangiof Bk fernRlae duaqlom herain Blatepmprise @, -NO,, -ONO, or -

dﬁu mhaEAR, BRIAKS g%&hn%?ﬁn?feﬁespak s@e@é 'Ismdrqgg @ﬁl@ﬁjalg%onverted to

Yerne, aggr eg mat ur e p asma cel deposi t
adivel fmmsrﬂmghgibmharmgchmm invévo ptecedseeingdadefls Thamgﬂuadﬂ Qfﬁhe

86 Sl BRSSP RLALP S BRI R

compeungtof the invesilonosi S, mar kers of apopt 03| s, apoptosis

[ﬁﬁ&ﬁ e Ebuflgﬁ%nga?%etdélpﬁo n%gtbctagy %/caltv‘% dmoun g’r & aq%fngound refers to

af hmoaitlofk edmppiad of the tepatiintef xhedbmj}llm (‘I}ibr aleetvigk déscdbed herein
tat.e of .cellul ar .and ceII ar eins.,. . .

widniSeisuts g Sredaniibh 65 altrRS P Buien jp proventing or

tféétﬁigalﬂrMeangddaa@ﬁagbﬁcr or by gn assay as dgscrl bed

her 00 In ce n_enmhodi ne uc n in

QESELT e e Py s SIeed i Belb B e any

ufiARYEide aﬁaﬁémitmm&ﬂiﬁmsmahﬁeﬁt% vieh b@Aindtersd W vivo, e.g.,
i nhibitor, the phenotype may becone nore severe for a

aﬁ@‘*‘é‘d“@ﬁhethyﬁ%f@%qm%ﬁﬁﬂ’l%y a decrease. This woul d al so

[doigocat e ’ﬁ{eftérﬁ?‘éﬂbﬁ&” LB NEI* are WALBRIchimge My her eln and include
errbodl ment, the henotfy pe nmay be determ ned _one

orggpisms which amqagq;ble efpufiering ﬁ;@ﬁp prejeip degipdation dlgorder 01 who could
g;e gfisd benbs Fﬁb%ﬁk %BRinishiABo PN BRI B SIS tiBE, such as human and

term ne one or nore tines during and/ or after
non-bamaneanimaly hRreferred buygreanmgls md@e%ammmtvn% éuffermg from or

P S0, 08 iy EDOF AR SRSLAE sk LEIEA, S g e,
Thdn‘arm Heerbingam gpinals cd sheciovgntion dwludes g Yert@btm@amgjsnammals €.8.

eful in. the.nethods har mac it
qlﬁé’f'ts e%\nralcﬁacﬂﬁ%% et r?pl)%%llm i0 ﬁsn'olflrﬁ%%?%gé% [§ %)%Qs’ﬂ%)é oW,
cmdrmsmn@hlbme,fre;mlaasnetb h8udceptihi ﬂo@rpratem degﬂadd:non dissrder is meant to

ne s .and/or .t ase
Bl e G ar e e e b A Do SIRETL f MRiccts sutfering
fr@ﬁiﬁhj'dkﬁﬁa @lﬁtﬁect bhvingS MmilQistdr3 054 Protéih H@acﬁebﬂi diasryder] dig.
[Qﬁ?gﬁé H e P 'asng/s;szgmich Zlgmm];sltrla’g(ojn ke bcﬂmms‘?ére?i ystemlcgly,
“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

41



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. 100190] Conpounds useful in the present
i nvention include conpounds of the fornmula; R 00
. ' £t S mMabAHEHHnl GtheP R rbdebie € dor¥xample,
\éﬁ % %]?ytsﬁ?leaa?’%éﬁsg&%‘d ormuﬁbr anched gl I phati c; P
subgethneoupadngniglzdtion, substituted or unsubstituted,
ched qr a SRl SHaRGaRl which
mkaggigubst |T?lutl%§mg§rgﬁl%%gg§%?g[ un d(ﬁ éédlsaacy] aves Whie
cesuﬁesplrevtmbchdreated onsthéyeise butckaated b:aarbmmtr@ron@iﬁ pReqTaRRse

oot ot mAlFE R i AR or AR O g presence of

agphésbifies inLdeBs or ENGRA)‘ qubjdklt)(:?fb)ﬂi\degnadaumo@mﬁas; include cellular

PR g ARoer 208 Bt PG B b VAt POl isoders
indRHE E2aér] fblﬁ atdngple Biyeloyha. thed ng:{celmindhtdﬁ calasarsallely‘i/ed from the

e;g%pléxyp.t ﬁfsg inc. Sﬂdﬁ? ok %lshc[m or e)sucg &gﬁ%a'nﬁ’f%er Protein deposition

dl%raélk YcBiak Whlsofrs URELRS, rs).’)in@éféfebeﬂﬁr i bﬁ@f Jibdaky, Paritinb@l’y disease,
ks hydrogen; hal ogen; clic or a

qunt $isseiste Parpital AsTopkic ralﬁ?’ﬁWéﬁe%“gYé?lg‘eﬁPor‘\éﬁ’?&wa 5

di8daks® DAL aGder & Xifdehse, AohBBY Gver QiseasblRyttictibi &k, 6 Lewy body dementia.
unsubsti tuted, branched or unbranched heteroallp t|c

[09163] | t utAeBrotsin dageadation disprdsa or Belidesicarren r CRRTEF Hi¢
ﬁﬁ%x'l ﬁﬁﬁﬁ}ag&l'd& e%%a@crers' ARUBRY hﬁﬂ@éj andERBGH ﬁﬁol@ﬁlg protein

ary substituted or unsubstltute

dmeatﬂ@ﬁmvd Qshergaverrindtieds midiiple selpma, ledrpia, Iyqphyprabreast cancer,
%Nuc i -SRB; -SORB; -SO2RB; -NOX2; -N(RB)?2;
Eﬁg ‘R8) 3; wherein each occurrence of RB
[001;64] ndep emewm degeadntjair digpeder inglydes fererimple @l‘lkfep s digpase,

spmochtegél a? atgﬁa&tr%n d%e%gtleah&% %x@?i?stebs% Mtﬂé%n S ﬁs‘g}’ll’amﬂlal

eroar yl
amytydpmcyateml stcjdrd)sim amy]ardplsm rm@henam sncbscag:l, Ag,dxamdengdlsease alcoholic

an_no | oxy thio noiety;
LA L SO O B RS PGB L
[0ates]! i c, /suBed hdrelh édlffbrmglﬁsmlm susteitibl, to b penteih depraiation

. . bstituted
RGRASHEt Shl AR Bt AL Gapaoot e
[ooesar oal iIThb @biBoundsiOSdthdr lﬂﬂemi)e@ttcs lcbﬂﬂ’ialimtenﬁmi 1egl either directly or

. hranched, .or unbranched sub
nﬁﬁ%‘iﬁlﬁé’e}fﬂ?lbléfa*eub gAY 2@‘4 GWBP%%}? fﬁ?%‘er@ﬁ\b’%ﬁs iof fhp drgention
m@y dilr'éb‘ﬁlbl s iﬂdtré&@dnmm agg@é%@ﬂe %nnldﬁ&{ anetie. ek esmpswtis or other

et c%thmventme mzluectm@%ﬁlﬁeﬂy @Plﬁlt@(%ﬁ?e oS n
Aﬁﬁﬁﬁe@cﬁy %rﬁﬁﬁﬁd@(gr dJiter ‘tl&rdp@ﬁ}&@ |nae Mitveltich M¥EHiRGBer iddirectly

ngrotec group, an aliphatic noiet
@!T@%T&NW PEOtRASPIRE YCLivE: Ebmoniﬁw@({swr ofhygr thegppeutics of the
a
1n tﬁ)[:x)ﬁl\’]a?glujgaw : n§él:tl}’a'ﬂhf5m ngm&dlggééﬁr(ﬁt% oCbﬁ'théﬁYlg cells or
achmaisw;mmhe ngmp@mde proethstithsyapesticsio therimeenijon iagubisstat gne method
I I I
o R FEAE U ik RRRIEI LSl R oAU RE PHE bRRbiting
mﬁummhﬁmwaﬁagmnmpd@ga@uwnﬂymﬂgkyanlc aC|ds t hi ol s,
oxl i ¢, acj ord J,
[Ogggl atin ééxsgurs%cglgérex hl?frgl targtgg’g%t ﬁngﬁ?lﬁ g&%gr%l%:\rloeva- %?otn{e‘fiﬂ:é'ﬂ
(BRISQ), i pexijtheratl bmoéhmhmleemyr@BMOmvmphctme& hair follicles, blood
enbodi nents, R2 is a substituted or unsubstitated
het eroal i phatic noiety (e.g., a heteroaliphatie noiety
substituted with a heteroar ring, which may be
optionally substituted). In certain enbodinments, R3is
a substituted or unsubstituted aromatic ring system
(e.g., a substituted or unsubstituted phenyl).
1001911Mvany conpounds descri bed above have been
previously disclosed in U.S.



pat ent applications, USSN 60/289, 850, filed My
9,2001; USSN 10/ 144,316, filed May 9, 2002; and USSN
10/ 621, 276, filed July 17, 2003; each of which is

i ncorporated herein by reference. The present

i nvention includes specific conmpounds and subcl asses

cgfls 8 lﬂtﬂaﬁﬂ Wrfs gloﬂe h gw %xgﬁ celllNG5fars URRLARAE %a@é?@ denved

conpoun cl'ass have been found
tmaozpcans .nomhaa pt ganmeismhemahpmhtec stene el lyeneurad termgrily, polid tumor

| »
BYE TR A 2By RACAI IS, ) pbrd ROMLS, e
Rmmrzmmmmocm éR, w-g LRﬁmhmam and eytetlished, cahves aell lines, primary
s | ynmphoma, ovarian cancer, acute

aﬁ?éﬁ@ﬁ@%@ﬁ@ ﬂgﬁ%ﬁ ‘3) protei n degradation disorders
[08168] ., MUAE ugeueeﬂeyegpmmtymfra@dmg Eptenatypevef thé SbjecEt o) ,

rotein 0 on_dj so t .
4 P%Pg‘;g st SPst ey S ppalPl PR S HhAkletic of the
ol abaibject, 6.81, b Bivadle maﬁffésﬁdﬁﬁﬂbﬂébSeﬁalﬂe aisriisige. The attribute or

R T

&%‘iﬁae%@%%ﬁﬁog&l Bclinkial scANasY ih Y&pEREROApA Ecldrereaat or
provided. The present i nvention al so, provi des new

@W?‘H@t |P§eqp§tpﬁ@gxglu %@W%W@%Wﬁ@uwg%ﬁrm% Reteolytic lesions,
HoRY ik, 1891un$de@i@i]:19c%rl leﬁaI(iﬁJufﬁ?dﬁhc? R psicATBM 8, ,anélliﬂmdy of mature

conpound is of oné of the fonnul ae bel ow Wi t h

Plaspa édlg]mfpegxﬁﬁ;e afmglignapt: cells, acrylationtae cpﬁ;plp.émqpog@sm ofymature
pllﬁ%% cERNeve [OQQQ%%L) s ﬁlelﬁétéﬂe 18558 eéllsnﬁﬁlfﬁ% IB%ultﬁlaﬁon in mature

subst |tute nsu stltute ary m)lety
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,
[00169] “Modulation of the phenotype,” refers to a change or alteration in the
observable phenotype. The modulation may be, for example, an increase or decrease in the
characteristic, or the appearance or disappearance of a particular phenotype.

[00170] “Favorable clinical response,” refers to any advantageous or beneficial change
in the phenotype of the subject. For example, decreased symptoms or measurable indications
of the disease. Favorable clinical responses may also be a total amelioration of the disease
state.

[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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certain enbodi ments, R3 is a substituted or
unsubstituted heteroaromatie noiety. In certain

enbodi ments, R3 is a nonocyclic noiety. In other

enbodi nents, R3 is a bicyclic noiety. In yet other
enbodi nents, R3 is a tricyclic noiety. In yet other

i aia MMYiSHD RG6 efizythafOholivite, and umh'bﬁtvyishlﬂigno(be ibblﬂid”by any

errbo 3 is,a substjtuted or Sstit
o Ty oy o IbGTe B ROt R R el dperadation.
mteﬁi degraiRicnehitibitons ARPASH MR FISPH0 IrdnScriptisntsotst oit @kkr
unsubstitut ed, six-nmenbered aronatic or

%P%P’E%Prr?}ﬁlﬂf i Broiein degypdation iptibifoss maw AfswRATshe inhibit thesCricmipal
a%h‘l?ﬁattlbﬁ W9 fly 6f HDASYDSELS J}Jﬁxﬁﬂi lg)é.%%‘@mﬁﬁar ﬁéﬁlﬁé@ﬁ&tehﬁeéradatlon
I et I ment 3

I'n certain enbo iS a substitute
lifpte %é@t;mmt%s %ah@%@wm@mwaﬁﬁ@nm ftaggresome

Mbﬁ tRidde §§Q Al E?Lfid% ordtir 'c Féésbﬁ%ﬁ Gref. Protelrxl .

unsu stitut mati c ca I C Or heterocyc
dmraé@t;on Lplob)msql}mmalefemb@nml@mbbm%m igdiracHp thawretsasoms.

A5 SRR T R bl SR, MRD Plboieo R 3 NP 0052,
[0oE2ysi ve Adémdnal protein é@za‘dabmcmhnbém énchifde R8ptides derived from

j | h I

RS AR BoE L REYL i om e
Garphat peptidecyfD ACQr Histope kiearcetykas&)mtnbituﬂs €HDDyinclude compounds

b Sttty ro ey Breeihe bRakedu B FIRy HheRet 1415

[amy;B] SubBtieinih&bn@f a msapbﬁtidanju effectibe anichelifetitive amount ora

ne subst.ptuted or ubstitute . .
RPN Gt R AR & Py o B GREPOuRAOL by dgention, can b
rce@ﬁ@ Reade by %,physm orvSBﬁnanaS@R@ “attep@ARClinicidkB, as-ohEEMled in the
0) Rc; teﬁ;gS vvhe ei.n each occurrence of Re is

Haeeqftkwwa A5 apd 3&"‘?5?‘8%”@6?%“#@0 pigeghundgyanalogous

cﬁ{:mﬁﬁﬁcbsp THé'd@Ea!ges Jﬁa)h&t ﬁii@@ béRhdhE & 6H3th@¥e&§u1r@ﬁbn@scdf |the subject in
y; an_ar noi ety; a heteroaré3 noi ety; _al ko

ﬂawﬂwgm obibg 9%@#% Ch‘a'P‘)?‘Pst the epverriof ghe capdewral?ﬁw&ﬁeated and the
PR uay&o?ﬁp bdied §ﬁ;§l§§e\i' %aeterﬁﬁmﬂgaﬁ&%p\éhﬁM9 eﬁwﬁé a(nu-

[00195]In certain enbodi ments, n is O, phenyl
Proligrative ampynbastdosas prdithe p@@hﬁequchllmf&@hveemdmlrﬁemge arppunt or

dlg%’ 3 nuibd o BRtoFLIP QSHIRred b 1 EteRMing BEu bR, MthRGe, biffAdt 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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In certain enbodi nents, the para-substitution pattern
is preferred. In other enbodi nents, the

net a- substitution pattern is preferred. And in yet

ot her enbodi ments, the ortho-substitution pattern is
preferred. In certain enbodinents, R3 is not HO
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in troatohientenf e, difk@ders m huii@gs. Thosecekiltediimthe ali oflireating the dRBiders in
ﬂuﬁlah%%owl, {)]as(e:(? {1}t>o%i tﬂe data obtained in animal studies, the dosage and route of
administration of the compound to humans. In general, the dosage and route of
administration in humans is expected to be similar to that in animals.

[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.
1001791

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

" In another aspect, a compound or other therapeutic of the invention is

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



enbodi nents, R3'" is -NH2. In certain enbodinents, R 3

is -H In other enbodinents, R3'" is -OH 1In other

enbodi ments, R3'" is -CN. In yet other enbodi nents,

1(3" is -SCN. In still other enbodinetns, R3'" is acyl.
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adlnqmstratlon, 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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R2 isR21. In yet other enbodinments, R2 iscertain S

enbodi nents, R2 is, wherein Xis Nand Yis NH S, or

0. In certain enbodinments, R2 is selected fromone of

the followi ng: .5S5S SSCOH

[00185] Efficacy of a treatment may be measured for example, as an increase,

decrease, appearance or disappearance of a phenotype. Efficacy may also be measured in
terms of a reduction of symptoms associated with protein degradation disorder, a stabilization
of symptoms, or a cessation of symptoms associated with a protein degradation disorder.
[00186] Phenotypes include, biological or clinical sequelae in response to a particular
treatment or compound. For example, 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 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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1002021In certain enbodi nents, Rl is a substituted
phenyl ring. In certain particular enbodi nents, Rl is
of the formul a: A YL wherein R1' is LW wherein Y is
NH or O; L is a linker noiety; and A conprises a
functional group that inhibits histone or tubulin
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[00190] Compounds useful in the present invention include compounds of the formula:
_ R,

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

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(=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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In certain enbodinents, Y is NH In other enbodi nents,
Yis 0. In certain enbodinents, L is a substituted or
unsubstituted, cyclic or acyclic, branched or
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[00193] In certain embodiments, Rj; is a substituted or unsubstituted aryl moiety. In

O
Uil @]
IO
Illle]

certain embodiments, R3 is a substituted or unsubstituted heteroaromatic moiety. In certain
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[00207]In certain enbodi nents, L is an unbranched,
unsubstituted, acyclic alkyl chain. In certain

enmbodi nents, L is -1-. In other enbodinents, L is
(lc-W4 . In certain other enbodinments, Lis . In
ot her enmbodi ments, L is (2?.- In yet other

&ﬁ%@gﬁeﬂ%nf{?rs almdnScyelic Holety. AR ¢8R dibddahdn®, ng isa blcychc moiety. In

mbodi nehts, L I s a substituted, acyclic aliphatic
B@hathﬁ embedigtsnisaRnis RERAYCEapeigiyrdhye other prabodiments, R; is a polycyclic

moiety. In certain embodiments, R; is a substituted or unsubstituted five- or six-membered
aromatic or heteroaromatic moiety. In certain embodiments, R3 is a substituted or
unsubstituted six-membered aromatic or heteroaromatic moiety. In certain embodiments, R3
is a substituted or unsubstituted six-membered aromatic moiety. In certain embodiments, R3
is a substituted or unsubstituted six-membered heteroaromatic moiety. In certain -

embodiments, R; is a substituted or unsubstituted non-aromatic carbocyclic or heterocyclic

moiety.
-[00194] In certain embodiments, the invention provides compounds of the formula:
X
O (0]
o Ro

(R3')n_|'

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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[00209]In certain enbodi nents, L is an unbranched,
unsubstituted, acyclic heteroaliphatic chain. In
certain particular enbodi nents, L isb5, wherein n is
an integer between 0 and 10, inclusive; preferably,
between 0 and 5, inclusive; and mis an integer

bet ween 0 andrR{0, incl usive; prefﬁ ably, between 0 gnd
5, inclusive.|In certain parti cul enbodi nment s, E/Li
1, wherein odh integer betme O and 10,

i ncl usi ve; pref:rably, bet ween P anc

mis et ween 3 ‘ | usi ve
pr ef ér 0 ang Si VERz | Ra
par ar enbodi nent s, i n Nnb0

nt eger between O
between 0 and 5, inclusive, mis an i 694%& g
Iaﬁart%emwemmwpamraabéqna%maﬁaeﬂm t S Bobiments, t
th&gkiiNBon nﬂs pheerPMd A0 §Myet Gl Sn By dinRdna, ﬂfé,ortho-substltutlon
heteroal i phatic, aryl, heteroaryl, or acyl.

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

[00197] In other embodiments, n is 2. Compounds of the invention include

10, inclusiys;

compounds of one of the formulae:

Ry O 0 Ry O 0

R3'
Ri Ry R4

R L
? Ry ©/\/k&
R3' R3' .
[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



ve,>tat.N certain particular enbodi nents, L is,
wherein n is an integer between 0 and 10, inclusive;
preferably, between 0 and 5, inclusive; and mis an

i nt eger between 0 and 10, inclusive; preferably,
between 0 and 5, inclusive. In certain enbodinents, A

SRR SRS R‘? iSetel. mhekah baBoditags, RN LHY 10 ber dnfbodiments, Ry’ is
exang{ A conprises a Zn2+ chel atin roup._|n .
sihes prbeRimENe Sy’ ) -CONRPSthes CPERdEEERl GroGp In stl

A%?Jb%%w@ SR Thi baaupémbodm%@%% RY: is SQENmer NH2
embodlments Ri’ is—F. In other embodiments, R3’ is —Cl. In other embodiments, R3” is —
Br. In other embodiments, Rs’ is —I. In other embodiments, Rj’ is methyl, ethyl, n-propyl,
iso-propyl, n-butyl, tert-butyl, or iso-butyl. In certain embodiments, R3” is vinyl. In certain
embodiments, R3’ is halogen-substituted alkyl (e.g., trifluoromethyl). In certain
embodiments, R3’ is methoxy, ethyoxy, propoxy, 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
SO SN
. . ~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,



.- NHCONHNH2 <22: - - - N?OH - NHCOCH2COH - NHCOCH2SH 0 OH tK
In certain enbodi nents, A conprises hydroxamc acid
(caLH) or a salt thereof. In other enbodinments, A
conprises the formula: O In certain particular

enbodi nents, A conprises the fornul 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 Y N J‘SJ ~ l x
F =N
[00202] In certain embodiments, R; is a substituted phenyl ring. In certain particular
embodiments, R; is of the formula:
Ry
$
P
[VaVaVs
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O I'n other enbodi nents, A conprises a carboxylic acid
(-C2H). In other enbodinents, A0 NH2 ). In other
enbodi ments, A conprises an CH). In yet other

enbodi nents, A conprises a thiol (- 1

v
J
Y i
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:
Ry’
N,V .V
[00204] In other embodiments, R; is of the formula:
R¢
[Vavave

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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OH SH). In certain enbodi nents, RL' is00, wherein nis
an i nteger between 0 and 15, inclusive; preferably,
between 0 and 10, inclusive; nore preferably, between
1 and 8, inclusive; even nore preferably, 4, 5 6, 7,
or 8. In certain enbodi nents, ref erably, between O
and 10, inclusive; nore preferaply, Rttween 1 and 8,

i ncl usi ve; "even nore prefer 7, or 8. In
06203 n emrbcnﬂﬂahmntb@dinﬂatsirsiso [ ] Cer MBnelmmamm@

#eﬁ‘gf ul}raﬁg |4amc hg{'ee %?e rabl?,\iae teleg ang gllnc S"sx&eo g}?)loeupnref%ragy, 1or2;

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

chain. In certain embodiments, L is bz'l» . In other embodiments, L is

NN
"LL“ 55J . In certain other embodiments, L is
PN NN

. 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
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OX0 R1 and pharmaceutically acceptabl e derivatives

t her eof ; wherein Rl is hydrogen, or an aliphatic,
alicyclic, heteroaliphatic, heterocyclic, aromatic or
het eroaromatic noiety; nis 1-5; R2 is hydrogen

a protecting group, or an aliphatic, alicyclic,

{:ﬁi iBfef@/bkifRal b énd ﬂﬂn@fu@i%’ %df@rabl?,r&f%eh‘b a8d 5, inclusive; and m is an
eteroaronati ¢ noi et

integsr betypen (Nrd A9, mv\lﬁ@vee qu@)%. §f“ﬁ916% 6‘@‘&& inclusteo {Reteiy
group, or an aliphati ani cyclic, heteroaliphatic,
heterocyclic, aro Lf;\ eroaromati c noiety;
p@ﬂlﬁﬂ!ﬁﬁd‘nﬂioﬂmiém Diis r.evhessn nfs aRAntaged bR¥en 0 and 10
taken t e form cI| ar heter
Sk U SA Y nooqnﬂﬁewglm ¥ o g BNy D apa 19,
11§J1dsméaihbﬁrab@| b&Wedni CandBeinelnsiad. mha:tam partieil@reatbpdinients, L is
aronat or het er oaromatic noi ety; and Yis
}éii?ﬁ an aliphatic, alicyclic, heteroaliphatic,
e erhcyePi ¢ ro t; I
(00211 1 n e&f é"fnnnmgﬁ% fntiber %?&s’&;lg’a%‘g %&hﬁgﬁ i g%e?eé?brl?é’ befveen 0
ahdh &, ihchwsdvet 1 mam aicimteglicbetween 0 and 10, mcluswe preferably, between 0 and 5,

inclusive; and R’ is hydrogen, C;-Cs aliphatic, heteroaliphatic, aryl, heteroaryl, or acyl. In

/e\N/e\
certain particular embodiments, L is % " SS)

10, inclusive; preferably, between 0 and 5, inclusive; and m is an integer between 0 and 10,

, 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:

3—-co¢{ %i/l\ﬁ/OH ‘%fJL\u/I:;:]
é—SH o) OH
$—COCONHMe %%fJL\ﬂ ;

3“SA° 3——NHCOCHzBr
g——NHCONHOH

H o
\T¢9 3——NHCOCH23AC

N E—NHCONHNHZ
‘1L/ ~oH

3——NHCOCH20H
é——NHCOCHZSH

0
/JL\N/OH
In certain embodiments, A comprises hydroxamic acid ( H ) or a salt thereof. In

other embodiments, A comprises the formula:



represented by fornula: RI  wherein each X is

i ndependently 0, S, CH2, or NR3; Yis O, S. CH2, or
NR4; Ari and Ar2 are each independently an aryl group;
Rl is a lower alkyl group or an aryl group; R2 is
hydrogen, a |ower al kyl group or an aryl group; and
R3 and R4 are each in dently hydrogen, a | ower

al kyl group, an ary—grouf), an al kyl,carbonyl, an

al koxycar bonyl group, \Qr agnocanponyl group. In

certain preferred enbo . X s f&H each
occurrence 0, S, or CH2, nore pregferably O or S. and
still nmore preferably 0. In certain preferred

Ie odriaih puetivinlay ed{bodimEnts,| A caaprises the forefiar r ed enbodi ment s,
An i s phenyl or subgtituted phenyl, particularly

4- hydr onet hyl phenyle~d tain preferred enbodi nents,
Ar2 is heteroaryl, no ferably tionally
substituted oxazol yl, praferably
phenyl - substituted oxaz® fost @ieferably

4, 5-di phenyl - oxazol -2-yl .. In certgin preferred

enbodi ments, Rl is phenyl or substituted phenyl, nore

Ipothbenidoliymehts, Ardormsist atcaibuk it apidgrSO,H)r In other embodiments, A
4- am dosubstituted phenyl; ip.nore preferred

enbodi nents, Rl is a enyl Oyp substituted at the
4-position with an agﬂgg gr Jeari ng an al kyl ene

moi ety in which th Fepgtens ain has between four

and ei ght carbon ato (Hore preferably 6 carbon

cahptise} an oramimwanililey| ene chai NM¥Hajdnbther ethbodieends, dha@imprises an
preferably bears a tergi nal hydroxamate group ’

(-NHO11). In cé@rtai erred enbodi ments, R2 is
hydr ogen. [002 2]Exaan§ y conpounds i ncl ude conpounds
of the fornﬁL e

H

o-hydroxyanilide ( OH ). In yet other embodiments, A comprises a thiol (-
0 N
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,
%g/ ~SoH

n
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) .



[00213JIn certain enbodi nents, the conpounds is of the
fornmul a. 1002141l n certain enbodi nents, the conpound
is tabacin: [00215]In preferred enbodi nents, a
conmpound useful in the invention has one or nore of
the foll owing properties: the conpound is a protein

Ogd at | @Rrthifl BbRHEURAHS udelR iIBOPRELALinkéntioa Rl cBhpounds of the
|nh| iting at |east one histone deacetylase; the

gayaund i s capabl e of inhibiting HDAC6; the conpound
|s a sel ective HDAC6 inhibigor; the conmpound binds to
t he pol y-ubi quitin binding gonmai n of HDAC6; the
compound i s capabl e of indicithg apoptosis in cancer

cells (especially multinpl n§¥cells,
non- Hodgki n' s | ynphoma ( ;celnl s breast cancer
ema (AM.) cells ); and/or

cells, acute nyel ogeous | eu
atxh@h@@fﬁb@ﬁeﬂlyi Rcpidildetivafves thibtebfit i ng aggresone

e RUEHORR 1S BHGP ko BLA Amheteotsgdic PutbalinBRns heReyete

'ﬁ&ﬁ&ﬁgﬁ@a@ﬂﬁﬁﬁﬁﬁ&kmwayof the I nvention can be
|dent|f|ed e.g., according to any of the screening

met hddg Idescri bed her ei n. [00217]In certain preferred
embodi?BRdsogeR GRERMNRGEA, 68 aliphRi0! dIRYclRORATb AR hati,
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? is an 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:

Rl

X 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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nmetal binding noiety, preferably a zinc-binding noiety
such as a hydroxanmate. As noted above, certain

hydr oxamat es are potent inhibitors of HDAC6 activity;
wi t hout wi shing to be bound by theory, it is believed
that the potency of these hydroxamates is due, at

| ?aStRZi 1@h§@1&fg§m, atlexgéﬁlﬂkyabiohb bxyarﬂafryltga@pc;mmgu n ?Is th o bind

Zl NC. ererre e ts a.Co u 0 t he

el B e PR e b P TR EropB g g Exou, o
maﬁ@iab&@n af® fIRG:Blcarb6y@ 8o, dr ¥n &amoaarmr@l £9ins. aln cbA4ig pleferred

| d h
BRERESA 1 R G50 AR Gubl CH e B0 ot et s more

bRCG. M ckMain Preferred @%@meﬂi@ UBis 9. Nn eEidiRprofepes Elﬁb&(ﬁ&ients,
enbodi'nents, a conpound inclu des a zi nc- bi nding mi e

Apacehenylio pbsiiticd phewl meqﬁlsulequ ‘é‘hédfﬁﬁF@Elah@YW%ﬂf’d? ére erred
Jﬁlﬁﬁﬁ:ﬁ&'tsbhﬁ if Hé'tergérgfj iloge }Lrgfe),tabfy o%h@ﬁaﬂg 's%htu&éﬂrogﬁztolyl F&iil more

exa a co e |1 nve

prefqreél'y mpmlﬂubsbtw&@roxsmsda a9g st m‘éﬁf‘y?aghfpﬂa{rﬂ@ﬂéﬂryllj Ogazgl-z-yl In
&i't%ﬁ%?éf% red ¢ Wﬁdﬂeﬁ& Q?h&gl %}Q }ﬁtécﬂ)h@n laﬁ{&re;)gef?rablﬁ 4-

ori e en ano or por ions

ampihesubstiutedsphsoyl o 4tam1®osbbs@tm;@h phalhyl;tlamgm prefechd embodiments, R' is
{ el O RS ol R0k el b KB o

ianavhichahd alkyietteechtio hmwefcurfand pight cagtioh Iatmgi(msmefembly 6

FReng sty kg™ e <Rl syla BhE Prapth bR

18/idtcxainai ighiup I(-(N]-g&H}J?h Ichwileprefeﬁed' BiAbbdm ety iR, ¥is Infdrogen.
inc nds o enti on. 2 In certain
BE hon Ee R SrRbuinds melbie formmuige aBaEhadae °0f %t he

met hods, pharnaceutlcalCbonp03|t|ons kits and

packaged conpositions offf the invention is % 1, 3-
di oxane HDAC i nhi bi tgg~coO u [ 0S I Mo S.
Pat ent Publication Noi US2004/ 0072849, ich i s hereby

I ncor porated by ref einits entirety. Related

conpounds are descr bed In Sternson SMetal., Og
Lett. 2001 Dec 27; et al.
Chen? Bi ol. SJ etal .,
Proc Nat! Ad Sg¢! ; 1 4389-94.
Epub 2003 Apr~g3; and Fbggarty ., Conb Chem

H gh Throughput Screen. 2004 Nov; 7(3A)-.669-76; the
contents of each of these referengf x her eby

i ncorporated by reference inits € ALy.

[ 00219] Addi ti onal conpounds useful S at | east sone of
t he net hods, conpositions,Qkits, and packaged

conpositions of the invent}jon include NVP-LAQ§24 (a
ci nnam ¢ hydr oxamat e hgyth e u e~shoWnoy
bel ow) : [ 00220] Addi ti ¢nal conpounds usefuyl in at

| east some of the net conposi tions, ks, and
packaged conpositioné)of tihe i nvention include those

shown bel ow. Each_of Qrpognds bnclud"- 2
hydr oxanat e @ i g O- @
i N

and cyclic hyd




N- Hydr oxy- 4- met hoxy- N- phenyl - benzam deN- Hydr oxy- 2- net h
yl - 4- phenyl - butyram de CHN HO

14- Hydr oxy- 14- aza-di spi ro[ 5. 1. 5. 2] - pent adec- 9- ene- 7, 15
- di one 7-oxinme

N- Hydr oxy- 2- ( 2- phenyl -t (I;i ophen- 3-y1)-acet am de

0
0 0
S
O R
3
HN “oH
L 5
0 0 ,
| . S\\V/S
N ‘
0
§
HN “OH
//L\ 0
o) 0
S N
l A
/
0
N
HN “OoH
/k 0
o 0
O
0
§
HN SOH
0
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3, 5- Di net hyl - adamant ane- 1- car boxyl i ¢ aci d hydroxyam de
OCRs

3-(3-Allyl-4,5-di met hoxy-phenyl) -4, 5-di hydr o-i soxazol e
-5-carboxylic acid hydroxyam de

N- (4- Brono- 2, 3, 5, 6-tetranet hyl - benzyl
6- (1, 3- D oxo- 1H, 3H benzo[ de] i soqui no
aci d hydroxygn de

HN
4- (1, 3-Di oxoj&l;\§;1\9ggﬁﬁtde]lsqu| olin-2-yl)-
oxy- but r antitle

o T SRaP)
M )’vvvwr

Soaat A
Pormion o,

0
S | A N OMe
=N

0

xy) benzam de
n-2-yl)- hexan0|c

hydr

oo
= : Sl\
=N

[00213] In certain embodiments, the compounds is of the formula:



[00221] The conpounds of this invention include the
conpounds thensel ves, as well as any salt (preferably
pharmaceutically acceptable salt), solvate, clathrate,
hydrat e, pol ynorph, or prodrugs, if applicable. As
used herein, the tern1d8harnaceutically accept abl e

salt,” is a salt formedyfrom for exanple, an acid and
a basic group of a co of Mhe fornul ae
di scl osed herein. |IHNfst rafi i ude®Hput are
not limted, to sulfate, citrate, , oxal at e,

chl ori de, bronlde orodrge, nitrate, bisulfate,

phosphat e, aC|d phcspha‘e isonicotinate, | act at e,

salicyl at e, ol eate, tannate,
artrate asco bate succi nat e,
P, gent|3|nate rate, gluconate,

pant ot henat ¢

mal eat e, bed

gl ucar onat e, ccharat e, fornate benzoate, gl utanate,
met hanesul f onat e, et hanesul fonate benzenesulfonate
[p021¢] ueneBudeftaingmbodimentsShnesmpoupd isgubacin:

1,1. nethylene bi s- (2- hydr oxy; 3- naphthoate)) sal ts.
The term "pharnmaceutically adceptable salt” alsg
refers to a salt prepared fr
of the fornul ae di scl osed ‘fferei n having an acf| dic
functional group, such as d_carboxylic acid fanctiona
group, and a pharmaceuti r@ accept abl e i norganic or
organi c base. Suitable bg ncl ude, but are not
limted to, hydroxides of ~gFKkali netals such as

sodi um potassium and |ithi um hydroxi des of al kaline
earth nmetal such as caIC|,‘ and magnesi um  hydr oxi des
of other netals, such as lal u num and zinc; ammoni a,

hydr oxy- substi t ut €
di cycl ohexyl g4n ne; ,
N- et hyl , N-eth 1 NE; di et hyl am ne; tr'ethy ani ne;
nmono-, bis-, or tris-(2-hydroxy-I|ower alky

such as nono-, bis-, or tris-(2-hydrox @m‘
2- hydroxy-tert-butylam ne, or

tris(hydroxymet hyl)nethylam ne, N, N, -di-|ower
ﬁbi(bﬂl N- ( nyphefexigd bmbmiimmtk,w c)nm@mndesefubmdhp imgention has one or

IP?TF 0? anﬁgl% gé}ﬂv{] %/ A h¥n3 %Tﬁcﬁﬁa g(?raitlrc]m mh1b1t r; the

Rpdendie lcéiﬁbledﬂ:’ hhitstigy g Ildastrtﬁa hisyome dencetahde ttltaszomph@d is capable

The term "phar qaceut e :
ESTRECE S IR Y S AT W
tﬁé pd P@lbfqﬁftﬁﬂﬂlxﬂﬁlgjdo%&hrpéﬁ%heﬁahﬂ cdimptiung 1s&ab=ﬂ:d;a af mducmg

func

ional group, such as_ a no f nct|
AL mﬁpffﬁae@lm@ﬂ@a@w rae%la%ﬂ@gnﬁ Fd’gﬂqﬂo%é’.ﬂg Tghthoma
(w[%) ceBYibtAR Bn@f td8, il xﬂywoéay@bnag@ﬁnesmmm &lls mlahd/bmhe
acid, acetic acid, oxalic aci drochloric acid
qoreBundhis grregler! inhdhiiinmaggraspe f %%%/%en i odi de (HI),
bifd c aC'C&mpGMS Qe iR Bldhd ko ofﬂﬂ@ﬁ@dﬁ@&d ghasbétutical
act C aci salicylic acid, tartaric aci
ckmtp@srtlpm kits andipdckagesbenmisiositigs of thesgrentiap Eanalﬁ igentifigd. gig
AL dinehe %Jéf‘%heas%!r ninfs WERIJAS q@Elifkd Hakeieoni ¢ aci d.

Fuca on c acid, benzoic acid, glutan1c
[aom,] met hacesid ﬁirgihrred embellimenth awemnpynsiif ghedaysytion comprises a
ber aen sulfo [

PE09 e oy B 2 2R SR MBS SRRkt As noted
solid crystalllne forms of a conpound of the present

i nvention or conplex thereof. D fferent polynorphs of

t he sane conpound can exhi bi 2 di fferent physical,

chem cal and/or spectroscopic properties. D fferent

physi cal properties include, but are not limted to
stability (e.g., to heat or light), conpressibility

and density (inportant in fornulation and product

manuf acturing), and dissolution rates (which can

af f ect bioavajlability). Differences in stability can




invention or a salt thereof in the formof a crystal
|attice that contains spaces (e.g., channels) that

have a guest nolecule (e.g., a solvent or water)

trapped within. [00225]1n addition, sone of the

conmpounds of this invention have one or nore double

db@fmj SertaQl hydrcecamatesrme gotstyinhibiters of BRACEpstiviiguwhhout wishing to be

ds occur ,as,,racenat .G M. xdt .
T e L Rt
te Itlﬂ:%ﬂitﬁéﬂ”fﬁé uﬁnpvumm emd zamd I:cprsferreal ethb@tisentgm cBmpamd of the
Z- doupl e |sog§r| c for

cpiso riclfor Of'l'l
invraken S 5P PERER BSEn MR SHLT T RCEY R biologica
thﬂ@yﬁﬂlbh&'fbd il B a@@:@p&ﬁmﬁ&w&y, &80 §b1bl’¢9gfbal tmtget mmg ahtmun be
represented in tiple taut 11Ihl"|‘ fc

dersiane ELOACHE WHOEHER O S PGS TR b hupiplered

A RAGRIs| &ccfrﬁ’}foﬁﬁd pkbibes ﬁﬁﬂﬁﬁ&iﬁg foftBE&phédAEEb6ther partions of the

., al kyl at | t
&lﬁw@wﬁmgra?esﬁaﬁ@fog bispings e RIOIGBRALINSch F o SEFIS By
l)ﬁiﬁeo? ]}WC?lHGIF mﬁg ﬁ%fdd@ ] hHEé?q}iﬁ Bﬁ&ther@b&cm%‘&ﬁ&ety capable of

nErIC orns conpoun S are express
Drmntuxzéhb 4inc-binding meiatyin 4 favared orinntatinp when gnother perpmor

%t}ﬂ%% c?ef gl%rm&?ﬂx‘ijesls %gérﬁir tb g.%‘f’ol&%?&a? Jta?ge%lﬁ:h %ﬁ Hfﬁﬁfé lethout being

e present I nventi on. esi s of
b@ombbwlhdzry,[ iDisdelieved thas gerid’balk'dl dm@apmgereglpe gEmgompound can

' D Qt%' oofggbgs‘é'ec%éiwgglﬂg,hglggdlg%gxﬂ%?ay &hﬁ@gﬁgﬁmc&& In
adémon Ivhthduﬂ trenrgrtmundabysthyox{w it esdaehbvgd thedelénsteric site inhibition
t SN 60/ 289, 850, fil.ed . .9 2001; USSN
S %E‘&tﬁa I"gﬁ‘? F‘?Lg’gd"y ge 1“2‘6’6‘5’0"“ f@%é%%f}?‘bzl, 276,
[002'18]:1 Jul 10 ckﬂam%ﬁﬂbSdlnﬁﬁtsha aﬁnpmhnctilsefxﬂ ini a1 daastpoma e the methods,
b f d.b d b
BRI CHEoRTot, Kidng Aritoted SPBRRTT oo Ham B ifEe -
d&ﬁ@ﬂﬂﬂBA@ﬁﬁ&bit&%xﬂpﬁuﬁd‘kﬁS@osB@hﬁms Rt iPcleidaﬁdﬁSNﬂay be
use re | t he nvent | oundas
OIS i S IPRerrRisd BrOSHERFan Bb ASOTRG e ped
cSRPYhdS Bre e Qibed BESterhfnSN ¥4I €5¢ SeM0V] Des27; 3(9.6)34239—42
reater diversity of substituents &1cert§¥ po§) _ﬁ ?
Pgatggqrweghet al., %ﬁ%’x Al 2@%@%&9@&%&%@ age Y &f - Froc Natl Acad
SeNDRYI. 9B6Y Rpr 15HR088)ABRE:k %ﬂ%@@!@:ﬂﬁﬁr Gﬁﬁnﬂ{@gﬁﬂ{r sJ%taz Comb

vari ety of substltuents at 010271t wi

Chgpriéeh Bhredghrmaboreer 2@%@\&?‘(&2&6@%% qoptents ok sesh opthese
Ehad; Jfé‘l’ebﬁ &5’[@@% 2f@fnck li}?ltscé?ﬁ@etyﬁ ructure is

provi de nmprising steps’ of: providing an
[QQ%S{L/ al céﬁd;tlomv«pmgomﬁ@usgﬁﬁ ircat lgast some of the methods, compositions,

kits, and packaged compositions of the invention include NVP-LAQ824 (a cinnamic

hydroxamate having the structure shown below):
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OH R3 reacting the epoxy al cohol with a reagent
havi ng the structure ROM under suitable conditions to
generate a diol having the core structure: OH CH n Rs;
reacting the diol with a reagent having the structure
R1ICH(OWe) 2 under suitable conditions to generate a
scaffold having the core $fructure: 0 R3X, R1§;
wherein 121 is a substitufed or un Iargggﬁic

or heteroaromatic noiety (&Ng., N
substituted w a netal chell ati H
. N
N
H
[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
e

N o)

HO

14-Hydroxy-14-aza-dispiro[5.1.5.2]-pentadec-9-ene-7,15-dione 7-oxime
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Rs is hydrogen, a protecting group, or an aliphatic,
alicyclic, heteroaliphatic, heterocyclic, aromatic or
het er oaroraati c noi ety; Xis -0-, -C(R)2-, -S-,
or -NR -, wherein R is hydrogen, a protecting group,
or an aliphatic, alicyclie, heteroaliphatic,
heterocyclic aromati c or heteroaromatic noiety; and
R3 is an alighatic, alicyclic, heteroaliphatic,
S §omati c or heteroaromati c noiety.
ertailn enbodi nents, R3 is aliphatic. In
n ephodi mEnts, R3 is heteroaliphatic. In certain
3 R3 is heterocyclic. In certain
enbodi nept sy R3 is carbocyclic. In certain
enbodi nents, R3 is aronatic I n other enbodi ments, R3
3@§${ I cappreci ated by one of
Ig§f|| qu gggg arl s&gﬁgg%ltuents at R3 can be
|ntroduced into the synthesis by using a different
adehyde as the starting material in the synthesis. An

exanplesmqg this is seen in Figure 3 where
, gHis used as the starting material. Various

af-ed~synt hesis as well as aliphatic al dehydes,

)

i C ald%hydes, or non-aronmatic al dehydes.
[0103)I'n certain exenplary enbodi nents, the epoxy
al cohol has the structure: 01-1 the diol has the

uct ure: wherein X is S or O;
3;':'5t 151methy1 -adamantane-1-carboxylic acid hydroxyamlde

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



and the core scaffold has the structure: ii 00

[0104] I n certain other exenplary enbodi nents, the
epoxy al cohol has the structure: OH O the diol has the
structure: OH OH wherein Xis S or 0; and the core
scaffold has the structure:

(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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Uses of Conmpounds of the Invention [00226] As descri bed
herein below, it has now surprisingly been found that
t he conpounds of the invention and anal ogs can treat
and prevent protein degradation disorders, especially
nyl eoma. Thus, in one enbodi nent, the invention also
a@ﬂ orgafiie amines, hodsasfunsubbtitetad Dnlg(da)XS’tab‘PSélmtedmeOa, dinetei n

R L e e

dTéiﬁyl&@lﬂpQﬁaﬂﬁaxﬁmy, ThGHO- g~ qam@myddmgﬂmwau«yhammas); fuch as

aggresone or th sone d the r

RO %%%% ngg1 yEexy- (?gcntiugyﬁ @ avi ng

(ﬁydr&@ﬂwl Ha‘éﬁx?laiﬂnb! ®, NQdﬁloﬁEtﬁll&}tlm-dﬁgtroayi ivien alkgﬂ)sannnbe;such as
ealth care professlo

N A BERH SED PGBy RO i B yeftyBgBiap ety D-
llﬂ%ﬁlgﬁel A a?dn%%cﬁlfs%\iél%%réﬁh@ Qﬁﬁlepafndttﬁdﬂﬂiel Mhe serme| |

exhi tin npt oms of a protein de i on dls‘P@
“Slbarpesasticaly SERFPPIEEAF| 4 TEeTY IR R APEUTPE IFY 8FPIBBOY QT any one
%“F& d@schs&f I din HRG8 PEBs| cFindtiBhMl Bidub) sublRad ahﬁalﬁiﬁ(b functlonal

s 1 nclu one or nore of a cell fron1a ? f
gncpupaan;iﬁ nhgxmge@@plly awp@ab}@mpgawﬁyr prganieasid o Biteple acids 1nclude

hy |8t Gade! 8@0%01‘3”&56&?50’1{1 YralcukidCRfdrSenidreatia (H@!)f Bfo gen

ude one- or bone marriow stronal

b(chMé@IHBﬁ, hwdrquﬂn wdide (BDowtticrrsidohysizoasa piseléide, Rbpepbeyic acid, lactic
te

EHTPRETE0, g s SRR PR prechicieta,mape i

be@rlmmdpﬁidaac aqmda,tghe;nmc ded; glmrqnmmtd ﬁc@mmsacuh enzaic agid, glutamw

ncer ou e t t
Tﬁlﬁfﬁ'&? e o gnelfﬂ?lg 2 ege%cf Sérlz%netsﬁ?oﬁca%gléglg}z}' ?cglrléélésulfomc

z@ﬁlls |nclude one or nDre of MM 18, U266, RPM 8226,

DOX40, MM 1R, ) »

BRD; Cons S heein. fheloiRh oM RA: SR taBE forms ofa
dofn?@&md offte: ﬂrés@ﬁtﬁﬁ&nﬁ&i b&oﬁﬁ}bxb&r@oﬁlef&rqm pulyatom’m obthe same
cg;%lg:;}%}dgggg;ﬂg it glffgl @g\é\fpélhchgtglgcgg?n%%é FPec%Qsc%plB g?()ésertles Different
Iﬂ‘@ﬁéeﬁ ‘ﬁi{d@@ﬂtlkﬁncl-'u_?ﬁ bﬁvdré iddStQﬂmfbﬁ kkd ?aﬁfﬁtty ébg ‘f]uheet orlhght)

popul ati ons or ey Wi ot her
cympyesHaited deneay Chamorn ok G g And b e acting), and

cgs%l)lluﬁoﬁ fa@:@(@h@}&' birnegtect blbMaitdbilityy. guffeiehdes ibdtitdlitg @tueteyult from
e m xed th feeder cells or bone. nmarrpo

Ils. .
chogesd] REICRTG T Gorghtish PGEioHetR et § gpsaie form discolors
thé&€ ‘?Jp'lcﬁg wherstHMRELd StHnt §blyRSrihtR4R 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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susceptible to nultiple nyel oma conprising

adm nistering to a subject in need thereof a
therapeutically effective amount of a protein
degradation inhibitor, to thereby treat the subject
suffering fromor susceptible to nmultiple nyel ona.
[DO224i pl e Ay eded irereimthe hemdichtjnae’tdedny a coropound afifhk @restrie

.detection of an.Mpreotein in the. .serumor.urine, the

iRPECE e herRS T It S poa P alReE e oRlsins 5pa5s (g - channels)

iR hawy gxstmdiaileqag., b Belvel® bewiter) fragfed ythic  bone

AP G o EuE 3 RBRAER) s hef 154 s mor o

Hohdss BR6HI0P iREe asyiimeRicicaittrs & BFiAtofpBils caiocktd ¥ racemates, racemic
inhibitor is ¢conbined with a proteagone inhibitor in_

mpiphurgsy dngleenaptioprersyindiyidyad disstereomers. qslﬁfee@ﬂeaﬁ frixtures, and cis- or

tRARQA IFBNE-Sloubld BofHPACHIART Rl ith idotnefic OB OFhesetomlpbnds are
invention. In certain enbodi ments, the proteasone

cKpiesby inelpdaddn Bisrpresems invsni e pssmapoundsd spinygion may also be
rRhiel BTnRiBI0 e AT Pink oo, RARV AR Heludes

ering fromor susceptible to solid tunors .
all santornericormsciihei comppindy dessribedhersineie-iafkyirdion of g ofstem may
o | : . . .
E e R %S%‘%g?“?ﬁi?iﬁf%h Iraption
padufts). iAdbsubh semeric oo efpuribéanpounds asoxpeessiy tstudedisl thel present
. 7 i _ ti hl . .
RO Al B R R Bt UABRR efl Pt Bl Red i he
poaemténventionng cancer, col on cancer, and prostate
cancer. In certain enbodi nents, an HDAC i nhibitor is
conmbined with a proteasone inhibitor in the treatnent

Spithestyaf€ospows@s s. 1 n certain enbodi nents, the HDAC
n cert

.nhi bit I S. d of the. . tion, [
MBb o rcEog RN QRSP AR P b TerebGrevfh he
syids{sAPmany bO02 Sdppduads degaited bereinrtay bata desteibbbiprévadusly filed

¥ S5aaotsadgen Lo 248 aaf e baoy B PRI 16aa 16, 10 ey

odEtoe! AAINUISEN DUI62 10076/ Bl JEY &Y,2083;MeasH oftt8E10k YR8 fporated herein by
dm nistering a therapeutically. effective anount of a
r%?rsm mSegrEheAPPISAiater Y 9p¢ of skilbingthie ad Ry waEious reagjions and
sERRBE FHRINRE ddsBiEheang ke FHRne afliedhy RA$ bélide@lin fldparing the
initial period of treatnment with the protein
Hﬁ@@ﬁ@&ﬁmpgﬁmﬁnhibitor, wherei n the nodul ati on of the

U2, T BN P L B LBl Ol e 3

This synthesisrroeedes iprtargreptyydbtesity o sghshivents efreeridis ppfons obthe 1,3-
d&?iﬁﬁf’t‘g}%ﬁ%ﬂﬁy Ixfl U&‘Eaﬂxeém%gﬁﬂé S? ﬁlegbﬁg&ﬁégxg%ﬁ !}%ef’%r@it%ﬁety

) rotei n degradation di sorder ran
of sybstitedntyd Re.od of treatnent” or after an appropriate
period of time after the admnistration of the R4

protein degradation inhibitor, e.g., 2 hours, 4 hours,

8 hours, 12 hours, or 72 hours, weeks, or nonths

or nore of the proportions, |evels, and/or cellgifi//L\
R

| ocal i zati on nmay be determ ned again. The nodul a4j on
[tab2lone orlewiitemppfecinted th énebypemdsaythe fdinaktfe

efficacy of protejn degradation i.nhibitor e or. nore
oy i PSR BoaRt b ShespobnEebrsging Sef of:

t hr oseviamt ah el iRBhol Hading Eeasiatiare: one or nore of the

phenot ypes may be checked every few hours, days or

weeks to assess the further efficacy of the treatnent.

The nmet hod described may be used to screen or sel ect

patients that may benefit frogmtreatnent with a

protein degradation inhibitor. [00233] Provi ded herein

are nmethods of nonitoring the progress of a subject

being treated with an aggresone inhibitor. The

net hods conpri se deternm ning one or nore pretreatnnent

phenot ypes; admi nistering a therapeutically effective

anmount of an aggresone inhibitor to the subject; and

2,a



di sorder for treatnent with a protein degradation

i nhibitor. The sel ection nethods conprise determ ning
one or nore pre-treatnent phenotypes, admnistering a
therapeutically effective amount of a protein
degradation inhibitor to the subject; and determ ning

the one or nore phenotypes after an initial period of

treatment with the protei nRgéngﬂdti on inhibitor

wherei n the nodul ati on of the one 6r nore phenotype is

an i rigactiag theepetyaicohnbewidl g oragent having thi efrychiro REEMamder suitable
nset treatment with a

{)O?gﬁel n %eﬁérétggt%?ocl)%&?ﬁrﬁ c?rgrg tE)r62351Usef ul in the

met hods descrl bed herein a®hrPtei n degradation

i nhi bitors are one or nog isKgne acetyl ase

inhibitors (Mtsiades et A .. Transéri pti onal

si gndtastne e diohwith eeagaetdering testruptnte BaiCH(OMe)zrunder suitable

Rt [ i.ni cal

R o BB\ PRl o B e, 2004,

101: 540- 545; Rosato RR, Granft S. Hi stone deacetyl ase

inhibitors in clinical devg nt. Expert Opin

I nvestig Drugs. 2004; 13:@&2}%@@ of which is

i ncor por ated herein by rRference], Reubacin,

bor t gz ' vel ¢ AHA 5777 FTI,, . .
166Ho| m nun: Bdﬁ“@f Eﬁtecilog E?ﬁugsjtft\‘tf'%ﬁ‘ioajé‘?" r7hetgrparomesiepoiety (e.g.,
asapdpaggmntuwalmﬂ%ﬂetmdhemih@mo ounds descri bed

her ei nlsh 02361The gtrotel n de tion,inhibitors of

the T AVentT G el PR Aetiaip ¥ ghicgglic, beterogiinhatic,
hptenicgclrn:saro(neucgor,heﬁlmyaﬁaic méiey; exanpl e, suitabl e

prot% Beg& n i nhibitors may inhibit the

acti Vity-of ’Pb rNRxafpgrein Rrisslogiregsp prieteeting group, or an
ah}ﬂtahv I dli)tychﬂ’lﬁtdréﬂ]ipﬁéﬂd H&e@éyeﬁ@&%ﬁféﬁf BB doGroffatit iﬂo‘e\t’y and
turﬁlnhlbt aggresone nedi ated protein

d egr gd 15131 gHphag; %Ilﬁml’ég}fﬁ‘@t)@mat&‘e Q?‘r@r@awlg,rarq»rnmcmr tetemaromatic
nm&a;yal so inhibit, for exanple, the C-term nal

on activity of HDAC6, thereby inhibiting
@ég W?éb‘f Oét}nWS@BeilSrﬂlmbgmdmmrtam enhiodizmenss,IR§ &bl e
heeRhBinAL 6l eg) i .nh
ot F’% ; 3 glfg C_@i_queﬁl g%g?delgllg{rlrtg Iigoigg%t%}ﬁchc irp%ehaliﬁ ctbodiments, R3 is

°3é giGreReertain prabodimenss.tRgnarofmatiDABS toy e reliments Ry i e
héteb n t he ,aeetyl at i

TEag tRya s FOTUBE bhi1Bed BEA% SR 1R Vel Bbahens ar v,
C@é@sntawpwn@gh@ mtheas h]ﬂ oding a differdnt adehegdit as pllid)sltzﬁ'nﬁgsm@t@ﬂal in

r RIQL gl.n . stress, | his is
thg gﬁtﬁ%ﬁ[ 9\1-{ &%&ﬁ%grg his 1S Seen i ﬁ T Eegﬁ geéogalgplygg i ugpiyas the
stayting matesialc Afrziens substittred fbenz(alil@h:ﬁfe&oulﬁ hBoa6 et iatHeallusahted

3H§P d activ f .steroid-bindin

y ecgg? Ao‘r%g?%se 21 gr‘glec agfi 3¥§ (oo mul Ccy{i* %IXIF%E'Q??P oy %OTlraé%fml’(}Céﬂ(%hydes

[OR8HO0 f uric tértin dxemehgRgabalineas akd dpoRy¥ AiSohdr PR structure:
i nhibition has been found to gimnish the
gl ucocorticoi d responsi veness: of gbucocorticoid
receptor-containing cell eréfore, the
adm ni stration of HDAC6 bitors |eads to the
hyper acetyl ati on of HSP90 | eadi ng t’o decreased
sensitivity to estrogen in breast cancer cells and
deck Iy to androgens in prostate cancer
cellggﬁﬁgﬁgg%%ghﬁﬁgble aggresone inhibitors include
tubaci n, scriptade, or the conpounds described herein.
[00239]Protein degradation inhibitors of the invention
may al so inhibit proteasone activity. Suitable
prot easome inhibitors includg one or nore of histone
acetylase inhibitors (14, 15), tubacin, bortezom b,
vel cade, SAHA, R115777 FTI, 166 Hol m nun DOTMP,
arsenic trioxide, 17-AAG M3 32, sapojargon,
NPl - 0052, or the conmpound of Formula I, derivatives of
t he conpounds of Formula I




[ 002401Addi tional suitable protein degradation
i nhibitors include peptide inhibitors, for exanple, a
pepti des derived from HDAC6, HSP 90, proteins in the
aggr esone pat hway, both up-stream and down-stream For
exanple, the Cterm nal portjon of HDAC6, including
the Buz domain. [002411The?ﬁr&¥bin degradati on
i nhibitors of the inve g are~capabl e of nodul ati ng
one or nore phenotypes a cell. The phenotype may be
a biological or clinical”sequalae in response to a
pahék@WM BIS dridgat nent or conpound. Phenot ypes i ncl ude,
anem a, .tlaro f openi a, neutropenia, osteolytic
Iesiéﬂ@ﬂmﬁgﬁégggﬁ hasithe SREREF i ci ency, renal
i nsufficiency, hypercal cem a,Raneupl oi dy of mature
pl asma cel | s, percentage of nhjignant cells,
acetylation state of tubulig, 5boptosis of mature
pl asma cells, |evel of € fﬁhgvel of aggresones
in mature plasma cells, AC6 ubi qui tination, HDAC6
ubi quitination in mature plasma cells, HDACG6
[§¥4)ci at i Brrevipippthgyersmplarnempadiments, Hespaxycaltdhe] has the structure:
cellular levels of ubiquintingied proteins in mature
plasma cells, |evel of caspask&-8 41 mature plasm
cells, level of PARP in re plasma cells, thymdine
upt ake in mature plasm s, dilated ER cistenne,
aggr tion of mature plasma cells, deposits of
innuﬁ%éﬁ%gﬁﬂgﬁgnpﬂmﬁature pl asna cel l's, acetylation
state of non-histone protei®is, Ogl obal ubi quitination
state of the cellular t ; e of cell cycle
regul ati on, necrosis, ers of apoptosis, apoptosis
state, Russell body for ion, Cystic Fibrosis
t ﬂﬁf% . protein receptor state, and nodul ation
a?éce E?%?pgfotein deposits, or global acetylation
st at andghe ¢ $oaffald hantdhe extatae:el | ul ar proteins. [00242] A
decrease in one or nore of apemia, |evel of
aggr esones, thronbocytopeniq)\neutropenia, osteol ytic
| esi ons, bone pain, inmunodefi@iency, rena
i nsufficiency, hypercalegpra, ane¥pl oidy of mature
pl asma cells, percent f mal i gnarit cells, thynidine
uptake in mature plasma~€ells, level .of full length
caspase-8 in mature plasma cells, level of full length
PARP in mature plasma cells, or aggregation of mature
D@%giga cells, indicates that the treatnent is
£ CHERBrds oftrue¥ian i ncrease in acetyl ation state
00226 Ubul iR, deddIPELHLOE BHIbY RBLI R d
[ celdf]s | evel of c?&egbgg{b?vbgﬁwgo%cgg@pas %&efl 2‘%/‘%?%%%'(}16
compaurids @f theimeatiorampmnalagsean sleat, angd prevent pritein dsgradagionflisorders, |
esﬁ&ﬁh‘ﬂ?'nﬂlm. PriQt ¢4 Be en‘x}t%dknl!gnﬁ.rtheuim/%lﬁ:oﬁ Iaﬂ@?)}o(\)/ﬂlels GBS for
aggp osis, markers of apoptosis, ce cyclre
tregngsHbiect ©na pateinl deppadatien diorienvonaiphiobisting ® the sutidcuare

Indi Cat h hetreatnment, is .. .. .
e PR 1% RS Bl bortil® The EERMRRbs bRy inbipitgyorein
degradiatiogivid the eggresomiclvo the akgrosymernnt] hies p&btbasoﬁmrpamm)l e,

ot ypes..of.. a_subj,ect. ,e.g.,. anemn a, . )
10 (H??g nboc 5‘?*3%%%’%‘% gen@ﬁrgll% g gﬁﬁ%}fmgoﬂg?)glgg yEscEptiblgiogrgotein
degrodegiopdisnrder byruhaitie tire iperfesgionslendy sélnildhtficalieNBY ihe MtGect.
hyper cal cem a, nmay be determ ned by di agnostic nethods
known in the art for diagnosing these conditions. The
phenot ype aneupl oidy of mature plasma cells may be
determ ned by cytogenetie nethods. The percentage of
mal i gnant cells may be deteryi ned, for exanple, by
hi st ol ogi cal staining, flow cytonetry, FISH PCR
radi ographi c techni ques, | VfEII, CT scan, netabolic
nmet hods, and the like. Acetylation state of tubulin,
apoptosis of mature plasma cells, |evel of aggresones




in mature plasma cells, HDAC6 ubiquitination in mature

pl asma cells, BDAC6 association with dynein in mature

pl asma cells, cellular |evels of ubiquintinated

proteins in mature plasma cells, |evel of caspase 8 in

mature plasma cells, |evel of the cl eaved form
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L CADE( r. AHA, R115777 FETI
faQ/E a}?ﬁreaé \)38% ggne TR PXAmpatiopd the ggl%on Hariye nggﬁ“ms or
éeneﬁﬁfdd\/cﬁfebycﬁﬁsmﬁl skéleraloommpy laﬂdi’Sr thé pﬁsrmw bsofft, usm@msqamomas

subj ect or cel tered one .or not
I e TR R A AU PR TP SY8 Ao RSPHE A tor i the
/888 Lnt oP@lPE HiorRd Slce@in afbAIhents, fid HDKEtlﬁlﬂlbltc&@ﬂltompound
to the subject while beln%dpreated forlg gﬂgg ib
@@Q? BeRtionn Inesaingabodimrafrdhn Brotasnms 1Bhik 0%9’“1
| udsp®anoxi fen, trastuzamab, ral oxifene,
oxor ubi ¢i n, fluorouraC|1/5 fu, pam dronate, disodiurn

E923r 0zo |Téne invrelifngl wrsovidey (gpegm% _rlgﬁgmg&esubject suffering from or
%%%)lele G4 Sotialehéi9 %&hﬁnsﬂgoidﬁiﬂlgt@xnﬁ% tofaltlitjesttif A thereof a

xymester-one, trastuzumab otrexate megastro
ﬁacspameallyohf&emmounp@f@l firoteindegradasion ghakitoprie theredy ireat the subject
Akt ? KB& or ¥ﬁ§§§ltl%§e thASoli éfﬁfﬁ%{:' $cﬁila't&ﬁ%rsgl% Sle§hitidularly susceptlble
ace e, oni ¢ acl t axo vi nbl astiné, and/©o
toi treatmiesit wnh protisieflegradation shibiters desludabrdast oandearing C@ﬁ%ﬁr colon
agent s, Iude but are not t
PR S horra ool gl S bAC ARBIG/ Beombined vith
ﬁﬂoteakunmlﬁlﬁleinor ifi eremamfeamf thdseibarfcen,, Immt@mrembedlments, the HDAC
I ndopr of en, piroprofen, carprofen, oxaprozin,
pranmopr of en, nuroprofen, trioxaprofen, suprofen
am noprofen, tiaprofenic acid, fluprofen, bucloxic
aci d, indonethacin, sulindaey; tolnetin, zonepirac,
tiopi nac, zidonetacin, acenetacin, fentiazac,
cl i danac, oxpinac, nefenam c acid, neclofenam c acid,
flufenamc acid, niflumc acid, tol fenam c acid,
di flurisal, flufenisal, piroxicam sudoxicam
i soxi cam salicylic acid derivatives, including
aspirin, sodiumsalicylate, choline nmagnesium




cell or subject may be nonitored. [00250] Met hods of
the invention nmay further conprise conparing one or
nore of the pre-treatnent or post-treatnent
phenotypes to a standard phenotype. The standard

is t henot.
BEPAa R Eoratmnd 6 Bo RN D earbemppLpis B nasomeriptibitor i
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the dregfment. | The sethodidgscribedmparibavesad to scrpen of gedest pawentaﬁmmay
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formul ation, e.qg., phar maceut | c y-accep
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[00234] Methods are also prov1ded for selecting 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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[00254] In certain enbodi nents, these pharmaceutica
conpositions are suitable for topical or ora

adm nistration to a subject. In other enbodi nents, as
described in detail below, the pharmaceutica

conposi tions of the present invention may be specially
histoneifeacesafednhibition im nsuliiple mynloma: kiologidal@nd rlinjeal émplisetigns. Proc
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serve ar naceut i.cal
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Phyl cel lul ose, ethyl cellulose and cellul ose

[0EBYRL € DihleiPQWERESSh hhiBHSS %F{}Q’m\[eﬁﬁorﬂﬁw alsd #hibit proteasome
gelatin;, (7) talc; (8) excipients, such as cocoa
aBititve Suirhle Brajsatesictiphiviter nside og orgnorg of shigpneaseiylaanighibitors
(%4,!15), ahtif %ﬁ@é&rﬁab ! velc%é‘é fshgil’)f le?BJW S?dﬁ—lcﬁin nun%(bmp

o'l ,”corn ol | and soybean ycol's, such as
apperip yiiaside, §- 3;%661 MG 13P) sapojagasinsNPEURSR, aéhgw}lmumhof Formula I,
et hyl ene glycol; (12)
dgxg{a?gé%fth C{S ?Pgmﬁfg{%e and et hyl | aur ate; (13)
[egdh}  ( 14z)\ddluu3rfaésumagleaogc&nn degradation aﬂnthsne@hdﬁpepnde inhibitors,

f(?ye rgélle %%% 19?3r lé;rgxrfgv\/a o) PIY)(df{l%( 'H%?o%og pro éemss h%é%gr?%_ogje pathway,
bRhnpestresm and ddvimestieatnl 9"))r etample, ded®Bfohinal ROYorpdFISPAAE Ancluding
teﬂ%f%f sol utions; and (21) other non-toxic conpatible
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such as sodium lauryl sulfatg and nmagnesi um stearate,

as well as coloring agents, rel ease agents, coating
agents, sweetening, flavoring and perfum ng agents,
preservatives and anti oxi dants can al so be present in

t he conpositions. [00258] Exanpl es of
pharmaceuti cal | y-accept abl e anti oxi dants include: (1)

wat er



sol ubl e anti oxi dants, such as ascorbic acid, cysteine

hydr ochl ori de, sodi um bisul fate, sodi um netabisulfite,

sodiumsulfite and the like; (2) oil-soluble

anti oxi dants, such as ascorbyl paltnitate, butyl ated
roxyanlsole (BHA),  butyl at ed hydr.oxyt ol uene (BHI),
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phar maceut i cal acceptable carriers,
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iy 2K o i M, SlopBih SRR MRS ISR R comes
aC|d (2) binders, such as, for exanple,
carboxynethylcellulose, aIgLﬂates, gel atin, polyvinyl
pyrrolidone, sucrose and/or acacia; (3) hunectants,
such as glycerol; (4) disintegrating agents, such as
agar -agar, cal cium carbonate, potato or tapioca
starch, alginic acid, certain silicates, and sodi um
carbonate; (5) solution retarding agents, such as
paraffin; (6) absorption acqelerators, such as



[ 00263] A tabl et may be made by conpression or nol ding,
optionally with one or nore accessory ingredients.
Conpressed tabl ets may be prepared using binder (for
exanpl e, gelatin or hydroxypropyl methyl cellul ose),

| ubricant, inert diluent, preservative, disintegrant
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suspendi ng agents as, for exanpl e, ethoxylated

i sostearyl al cohols, polyoxygthylene sorbitol and
sorbitan esters, mcrocrystalline cellul ose, alum num
nmet ahydr wdde, bentonite, agar-agar and tragacanth, and
m xtures thereof. [00268] Pharmaceuti cal conpositions
of the invention for rectal or vaginal adm nistration
may be presented as a suppository, which may be
prepared by m xi ng one or nore conpound of the




[ 00269] Conpositions of the present invention which are

sui table for vaginal adm nistration also include

pessaries, tanpons, creans, gels, pastes, foanms or

spray formnul ati ons containing such carriers as are

known in the art to be appropriate. [00270] Dosage
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bent oni tes, silici C aci d ¢ and zi nc oxi
mricramie acid.ived mgelofenmuis ol renalie a@dSamluémg@wama fplroxxcam

AN o A0 o PBIRR s g nd laons,
ig¢lnding pabnweigne mdmhawmwmwlﬂm@mblemﬂts thereoS and roixtuzess thereof,

l%?q ITR)QA &’e@a[ﬂeggdsgﬁ fﬂ'%rNgg U.Jeg%aQZfA t]llilsgf %712%25'%% ?nc e%etzc and

Spra s can a contai’n customary
M?;a@am dgayls| anzd d?rhgxﬂmdarddom e dnehtruarit af Gbﬂ in Goodman &

b h.
%?’%&‘2%@6 R B s e R T BREy Briojnhogpnd
lbemahd 8. Ratddonedy., Hhied m961 addilebR. Havom stahigesth)i Mitipgretic and
I h er.o
O BBt 207 s se e preece frgmgengol 1
lﬂ %122ir(|AcR1 rGknnaho BAMAGHEE0 USDS) @high aref Hebubly dgdEpd@fled by reference i
qugg%lant) suspensi on could be used. Sonic nebulizers

4¥%rred because they m nim ze exposing the agent
[e0248hear , Witk £ Eubﬁ‘eaﬂorf @B i BeighredR ratha! frowinUeglaBRion inhibitor, the

n%ﬂg&&%%%ﬁg glnarlly, an aqueous aerosol is
ﬁgggu5§ §%an aqueous sol ution or suspension
[@R250jhe aggethodsQFeleiffentibl Maf ARENdnRIBE comparing one or more of the
harnaceutlcalI%nacceptable carriers_and
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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stabilizers. The carriers and stabilizers vary wth

the requirenents of the particular conmpound, but

typically include nonionic surfactants (Tweens,

Pl uroni cs, or polyethylene glycol), innocuous proteins

i ke serum al bum n, sorbitan esters, oleic acid,

HRAC6hThe maif[bchmaﬁﬁirﬁbr csmphls@mhlyitmg iproggasdone fretes, degmbatson in the

G Bppishl oo eimale SRR Qv itrBRCo R pes iLiBlelh o

patches have the added advantage of providing
-ﬁontrolleg delivery of a conpound of the invention(s)
RGrRRRe UG oM 0sage forms can be made by

[dompl Vi NghdmvélitivR ke Rfa)gldebspmﬁmeuﬂldal édaq;oﬁnemebmpnsmg an
medi um Absqrption en

ancers can als
QUGG G AEOURYAE ACPRIROUSK Of fh6 IBNeRHiGRPL PFB’r“gao[r ulagl’ getheryise

d%b'dri?»ed H&6in'aAd & pRimadsatically ‘d&eﬁﬁ’@le R&rieONh b GlritRFleddodiment, the
either providing a rate controlling menbrane_or

eéﬁegta@ramﬁg is pfdechre foveeat aprpietn degradation glisgrsier ppdespaltef previously.
[9625@ | Q]O% bR l(rjﬁ'gic%m%?ﬁrt;&lﬂf%e n%bﬁ iorfi¥ S RinfMTBRIYh She

utions an are a so contenpl at ed
sahl e@telslng a\phartiageutipallysaceqpéablsf formelationy et # phermaceutically-acceptable

A TR B R L:iled BATRAS {chePBurBlnd dhehd iBYEHbA Rk subject for

paren era ni stration conpri se one
apsast 12 bnws,R4choofs, 3tipurs¢@ h@urs;rm(xsyveeplmtvmmnkmahmc)wewsmt four

v?egg :ﬂ{er iR ggarpnggeu%?cl%ugclce alhyrAGGe ntqp L\cﬁnilc'i}sgy'édl 16 the. sulHect

oni ¢ aqueous nonagueoUs o I ons,
[8a2SPEENSI ohwscer:tamembb&memts thQSB pharswacduticgd owjpmswmhme kuitable for
be recon tltute into

e B Qo Siop i Srbiegl o GuiephRi i BEI e b Bhan
ban, W'Pﬁmﬁeutlbﬂfcbmp&lhdiﬁ@f&bIpfeséraﬁxﬁfﬁntmlmﬁyéﬁ sptmal]ly formulated
e P ek b e BBl r
aﬁﬁﬁﬂ&ﬁh&x Q’ﬁﬂﬂx@ﬁp]ef dr&iUhEﬁ{ﬁh@oWﬂ%qﬁH&ds ﬁxhﬁﬁﬂﬂﬁ&twpensmns)
arnaceuti ca

rrlef , h na be e @ﬁed int 1

i e UF?SOW ulps, pasiis G PATFRIPARITRsEAHOD.dPY SAEpLe, by

siuitAbsus (ﬁﬁ&rﬂus@ﬁlaﬂ&rﬁﬁt@d’v@hous BAjeeioh 84) Sor@kMBEL, a sterile solution or
pol yet hyl ene glycol, and the like), and suitable

SH‘TPR?%‘PIE £3)itopis wphcw@efoa BYARY b8 2 CLspia Pini@eR) qrgprap applied to the

sﬁiﬂd(4b mtx%%gmh? onn%fébﬁlly% $h 8% EmpRULN RS&a81 &)sam % Poaineor (5)
Proper y can be maintai hed, for exanpl e @&;l
cs

2pr9w0l oo eEIien 88 2roadEpqus Rerosal lintesemmal peeppretionyor splid p
cmﬁbghﬁqﬁﬂ% gggm;he required particle size in the case

di Sper si and by the use of surfactants.
[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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[ 00279] These conpositions may al so contain adjuvants

such as preservatives, wetting agents, enulsifying

agents and di spersing agents. Prevention of the action

of m croorgani sms may be ensured by the inclusion of

various antibacterial and antifungal agents, for

R Xadtphishle paniaiense of bting clmpatiblelwithitheotbér isgredients afthelformulation

and the Jike. It may_al so be desirabl.e to,include
SOBHEOH Db et S FOBE eI O mEBHFS Meh Bl TS 2 and

piemadelitallthéeptible DO Shdhiden@ ) sugarspaidh & lactosepglatma getlsucrose;

O oo Sk PLEFASRL SRR (BT <8 QLBY o o

| bsor pki h ]
A5 BB VEL 09 AL DRI Rt R
odgacantts; (§),malt; (6) geldtsi(7)eblon(8) exciliants, sWrh asbepor putieg andsuppository

th f bcuyt i nt I LR L QR. .
4 BT A1 BTGB B com
adspgbean oil; (06) glycpst auch anpropylengiyqoh ¢LIY poiyblsy sugh adglyéenig,

RSl eiaB heblsbe S0 EhEs B ARRSL D BRyRl B e
(18) dga¥; 'I;(‘II 4)Meﬁmﬁﬂs,wgﬂfhsﬁﬁagi§?m jdrexianghdaiysiarh hiydrexide;

[ .Alternati ve , el ayed_apsor pti.pon ' .
{}3} ke agics (u BYPBGcS %aaabw?tamﬂswea@%b’ﬁiﬂs?féﬁ%la“%%; (19)
&hﬁ%@oﬁélﬂ@OPﬁh&Weﬂ@lﬁd&s;dth&ll @ 1) Btharmoditbxiv ebinpdtidle

[00281] I nj ect abl e depot, forns_are made by form ng
THDEtRREh eBPIOYAdn REAPRERECA fOBHIAYBMd of t he
. jo0x$At i on(Pdiiihdladehe ASA RSP 186Hi4AB! sticlPACIAdiAm lauryl sulfate and
pol yl'acti de- po ygll ycol i de. Depending on the ratio of .
Bpgngsivg sirerajares welhprrol giiag aeanis Eclespe 285BI FRRENEARCRE, sweetening,
i cﬁSUPﬂhQﬁ i iokfRhRASH AR t in th
i(?%Jntr frnll ed. Ex[gg%ﬁe;gg’%éésgg?ﬁ%%a%%glggr adabl e polegﬁrreeserms e
?qm_mogiéienqgol y(orthoesters) and pol y(anhydrides). Depot
gﬁt@&jt a.bl %xgxﬁgﬁybia#ﬂaﬂﬁh%le&fcgﬂﬁk&gpt%lg Qlﬁfoﬁfham include: (1) water
ntrappi ng t drug in 1 posones or m croenul sions )
sofuibdhargiomidemssysadhi dslascovtiic aeid eisteing klnechloride.zgdipywdsnl fatgesodium
‘o ) ; . : i St
SRABOURL, Ronknd Sub @RI BRE ) A St AT HORIELE Cudt gsory
pilmésie fatylaed lgdrayamsqih@tim) butyiatd hy dompokiens (BHT), lecithin,

cont.ai Ri.n for ampl e,.. 0.1 to . B . -
BB o oo AT ik b4 37 8 IRy agents, such s ciric
addyeihyRhédiaming tdragcefianidrgRIETA), sabitol - tatarepicalppleosphoric acid, and
tgxa?ﬁ{(i er. [00283] Regardl ess of the routée of

8% stration sel ected, the conpound of the
{00289t | ON(CompovitibGiton@iger dégpdundofahsitidnsibh(@) inylddathest
LB S el R, 205 ek o
altiadrpaeaidtal 6dhindtrAeHE 1ha bbBpstaragial 661 Venibtly be presented in unit

conventi onal nethods known to those of skiLI in_ the
dgspge 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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1002841Act ual dosage levels and tinme course of

adm nistration of the active ingredients in the

phar maceuti cal conpositions of the invention may be
varied so as to obtain an amount of the active
ingredient which is effective to achieve the desired

rhiiperfpeationt] pespa msﬂ)oimnnay-pmeq)emem af acpa’e ingradjent, preferably from
t hout

SPETR 9o Fiaof aR Son B s e By S S o R0 pe
dntl to 10 ng per day. [00285] A preferred dose of t he

onpound nventl n for the pre t, inve |on i S
TR AR TR L R N
AR §(ﬁﬁ}bdﬁﬁ§ ol MPBRERIcEQTWaN tHRrcafrRt ald, ¥ tlofnb]ley one or more
conmpound of the inventiagn of the pr ese%{ I ny
aBERTHORY DEEsAishtsaln ssnerente frpylations 45¢ Prap %ﬂi‘ itimately
HRReME uﬁ@gss&gatﬁﬁra c%inﬁ)gﬂ{daiﬂ&fm&%ﬁ&(n Weh ﬁQ\hd c&ﬁ@ddtor@m@lgjehwded
- _about 10 % or about - about 100 ng/
sekid easgrs.\g8 bé%an maﬂglégeqepﬂa@f ﬁl@mngtt Rreduche
mgm recehs os*/t?dny Sﬂh@frﬁeﬁioﬁ‘éufw[ﬁe%fi&% a&lﬁw@mma%e in the

| nventionh. Screening Assays [002861ln pursuit of
form effreysuiss) eachdts; eﬂlsrithblbts,tl@zeggf@e(ugng a @Noszsltha% ysyallyfyacrose and
0 Y i t
DR T Blcah @R FEHAR e, ol a6 K1RAH drTnagRlfor 1 an aquous or
nou-fagencinliquid toh axia oilHm-veate oe watstHinreih tiquid payulsioneasab pgelixir or

S Ll s AL i, BRSS! i

and/oeastiharnh ivashesialel the lnkcaea:chtcamtammg atprghtenhmoril ghqmnt of a compound

RSB 5450 SR i i B LB s

e&xa:anlcﬁpm well plate formats or in chips, such as

|oTr enArrair Bi.oTr . \Wobur n .
[%Zfel | 5O 993%‘3&8? ‘g{g’t“?%‘ﬁéo&ﬁml He Fﬁ%‘énévs\gﬁgﬂ g:a%%s,
tilas, dls, drhgeed (powdére Air@thleslahditha h&epthle aam}eeﬁgrbcﬁeﬂt lish ey with one

etlciq I|bra nucl eic acid | |brar¥ ehhe
Of PASFeRlRERacRYHP alliagsepiable CarpTs PR KA ‘PF%}ﬁ 0%1 jcalcium phosphate,

afd/BEMT VR heTBN®IiAg: (O MBks drickfeAddrs Sudiag shiechbd, eee, tsomaded
i nhi bitiagn_of ot%er ag resone or E r ot easoms i nhi bition

eluspisetoannitoh @ad/py %éla‘tl%‘“ t(Phebipdsrs, suchy PBEeX3BRI% or ed by
c%gmﬁamceﬁﬁlogé URES heheh Sldlyvil? E;yﬁéﬂlﬁﬂ?ﬁé BucrbdeldbiioPacacia; (3)

hi stone acetyl ati on state-specific anti bodi es may

hymegianiy saghps ebicaighi(Detisierating agspsiurhg aBR0FRE Seleiym carbonate,

p§{%fb06}qaﬁé’ca§ﬁ}dhb§lgin§:sac§f céH%}ﬁ Dcatlls rﬁﬁtsl)&iuxlrﬁgﬁbﬁ’ﬂe f{‘%oluﬂon
detected 1 f they I's or through-holes are then

rejerdingdeenis, a\aphlm kpalaﬁ'eu (€f) abmwn aml%ratﬁlﬁysubb agigisternany,Rmmonium

c@ﬁ&@?ﬂég % o@w t@ﬁ%@#ﬁ@ %é ﬁ?(r%? 0 ac co tﬁﬂlyfh HPJnﬂ%?chﬂ%?

ntdnestearaer(B) &h‘soxﬁ)bMQrsedm kedlin andrhestoite W}t; |69)d1dmcrmils §uch a talc,

c!ril ;sgéﬁgatéé Y lgﬁ%ﬁ\gﬂ] gtﬁagx'gtefslohl? p?lP' ngn C%géo?st 'soaﬁur{x th lsulfate and
ntigfutes éebrdofirand €09 celoting ageots. Imxbepiseof apsudescablets (ahd pxlis the

u trichostatin,, and DVMS be us ) .\
heRRr e SRBPELie R b8 SRR e qurt S sE oy Rappysidrag ot e
sindlak ot ARy aBs SS siplyed %rﬁlﬁtsrlﬁ ebft and ek d Riled gd!atﬁll’iﬁpsules usmg

Wi t ortezm in t RPM - 8226

S S UPB 28 8RS UG HEaS tCTIVE R F I SRy eiiyiene
glyeglsug@glemé ecul es derived fromdiversity- oriented

synt heti c pat hways. For exanple, the libraries of
conmpounds described in Stenmson SMet al., Og Lett.

2001 Dec 27;3(26):423942; Haggarty SJ et al., Chem

Bi ol . 2003 May; 10(5): 383-96; 79 Haggarty SJ et al., Proc
Nal | Acad Sci USA. 2003 Apr ~15;100(8):4389- 94. Epub
2003 Apr 03; and Haggarty SJ et al., Conb Chem Hi gh

Thr oughput Screen. 2004 Nov; 7(7):669-76 can be

screened to identify additional active conpounds.




[ 002891Met hod for identifying a candi date conpounds to
inhibit protein degradation in a cell conprise

contacting a cell exhibiting aggresone formation with

a candi date conpound, and determ ni ng a phenotype of

the cell, wherein nodul ati on of the phenotype is

joozh3gat i va whlethey infrhideas\ombrebdich crangdding dptidHagn Wit)i RBSor

of cells may he deggrn1nea %%1descr|bed %Freln cy :
TQU AFTEESOR IRBTFRIG RIS kemarenss bt TS eener e s e hindgt (fopyegample,

@0l ok MRRExypER Irhdthy] REI1UISE S AibkiBht aﬁmmeﬁmyreéemhw Qlisintegrant
nyel omg patient cells, rayel ona cell_1ines

@‘glel"a‘&@ﬁtseih&%‘ sirchhglar i orcapss-linksgsoding qarbeaywhﬂsceﬁulosex

saffacrsaercﬁv&w cﬁéﬁkﬁﬁzg agsnmbmemabﬁ&hﬁasj YERYadb By BRI th4sGfkble
with stromal I's "or ot her cel The contactin

ehing ammumgoftthmpmtﬁd@aw 1@@9@@1} mpistence péthiga ene&qlqmd diluent.
[dﬁi@ft l'y t[‘Qe fabﬁtsc?}ldl other ?51 cﬂa&s?geff(l)lﬂis% g%:?%c&\ﬁ‘éél c&ﬁﬁosmons

., Ina tera or a p
Qf rﬂmmesg@t\m@etmmechﬁs dedgie¢s, capsuleshpilla pnd grewiles, ey an!tioaalbobe

k%@&] h]!‘ }grxlzfﬁ)éscf;lﬁ%hs go:%gﬁé)s%g g%egl]s%gl&hgs i e%@%eﬁﬂgé %lmgisol?l%? %aﬁmgs well

knpen ¢ ar thﬁphgmmﬁeIIHCQ-rfmlﬂulatmg ecullbey Iaa}paim bed'el;mldate@so as to provide
sgbnt&pé{eﬁkﬁ%@ﬁalggﬂeasg ﬁf i I%Ltlevleqn agdléjx}r&ﬁ&\{n or e SN n‘glr €, an
hwﬂnogyproﬁ)mﬁaﬁjﬂ] csuubsduh@a@amtprmmyo prnv:ﬂudxe dpamti relese profile,
erlved fr nin, C e
o b fes A e B Db ThEY w8t b P By or
ckiiiyle,, ﬁl(rﬂfmnh‘roagh agBac%ﬁ-ra@ﬁ)ng faert, I’c}ﬁbﬁmbﬁiﬁo%ﬁﬂg sz&ﬂlzﬁfg agents in
cids ,781-93 qQr the am
thdof s Solid Rurpoufior e 5o 5 FUER e PGS YAl OFsome other

stiyileeihjactible debRinORmRddlately bebRGKe.| tené cém;ﬁ)dmbus 1Yy al&Poptionally
éa 439-503); the C-term nal TDAC donajn (aa 500 &

%mas? mg;agenss vl My B aomRPsitiqthatzbey relsasy: ecﬂct% e
r@hy, 46 ?re@éﬂarﬁﬁllﬁqh d SertdiPPoried Stuhd @dlrSin®s®al tract,

Iec .es |nc de natural and synthetic products. The

OH%CP Ve 8 delayedypanngi Expamples ofipmbedding epmpositippy whirlpepnde used
n@g@qﬁns AbshecRhhained. ’?Wﬁ{?é:ﬂngxlehi\ém(cﬁn Giso bl fnqgﬁcm-
ridge, San Diego, CA or may repared by known

e?ﬁ@p%ai@d angf appsepritéss withisaelon motef Biernpoverdsoaivey exdipients.
[(ﬁﬁﬁﬂe ni ng 4 I?lQQ(%e ff&{ns ?%134 %%ﬁfn 2SS hE g@é&iﬂgof the

nprise contacting an |t|ng ag
vaemml(&) éneluge pharmaradicallyssrpentiatds eratﬂs.iow miiaredngonshsplutions,

m%‘@!al ofng)l g éi&[ﬂjs agd addmg rt(ﬂh@ a&w%‘?ﬂ#@du% s hCSLd é‘osage forms

ne of nore
mag Icmtam sneatrdlﬁunlds canmomlytubﬂltm ﬂhemt sash as, dmmxamdlemgtem other

sé‘fvc'e%ftsl;' Loh‘fi\?ﬂiif’}ng £goe§1?sl and gx%gfs%de{rﬂst SIPc as tﬁ;glra‘?c%lfxolt {sgglrtogﬁ aicohol ethyl
carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate, propylene glycol, 1,3-butylene

glycol, oils (in particular, cottonseed, groundnut, corn, germ, olive, castor and sesame oils),
glycerol, tetrahydrofuryl alcohol, polyethylene glycols and fatty acid esters of sorbitan, and

mixtures thereof.

[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.
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[ 00294] The nethod may further conprise determining a
phenotype of the cell after an initial period of
treatment with the protein degradation inhibitor. The
initial period of treatnent may be the tinme in which
it takes to establish a stable and/or therapeutically

pi@/ﬁt I veghl emon§ &h aa&%@nvte heOfetife éovn%a&%ftth&m@&ﬁa%may

e | nve tlon or t time 1n which it takes f
qohtinsykjeading egsntsiaader examplssethonyiaigd ipnstepiybplceiiols, n@lyoxyethylene

b Gftro?’ﬂxt%%gf.bﬁﬁne 2 erﬁ%crg ét&l né)éellhfo rrlnﬁﬁﬁ ﬁlgt ?’drt))@lﬁ? b?rgonite,

subjec care éssi onal’ I's relevan
aghleagaraalttmgmanth[ @ﬂmguird?.ltberwfbodl rrent of the invention

[b&%@ﬁﬁ ul eSPﬁvﬁ'{gg eufD ca?g OSI e&' tﬁe mvehntl% ?o BF getl 09 Hagmal
admgnﬂﬂabm may baprasem&kilas a t;mppsm&rp whichbpaydie, preparedmydnnb:mg @ne or

henot S. i bed, herei n of . el | fi.SSu
o OB N LB YRR ORI P puoR arE opim e S5ikats o
chiri&fsﬁdbm@ﬁsmg;@mbdxdmmemwbdtﬂﬁg !palybﬁﬂen@ﬁl?diﬁl,@ﬁﬁubyosuory wax or a
synt hes | braries, reconmi nant,. e.d.., age
AN I and et s e oS forprtieh o lirdd B ogh IS Eege and
thdr&foR( Wﬁnel@ﬁlhﬁé’ reBaA- R RiihA RavityHnb edléde He@BiNeCagent,
libraries, etc [ 00296] Li braries screened using the

9¥26Rbds o‘?owf@ltw%e@h% PHCMWFWHW%WTP% f%r vaginal

a¥RiidadorPdlsd MBIBSe RssaFiOsTRAMRAS -crdaA rgylseﬁas@afs fobst 8f dpBsy

that can be screened in accordance W t he met hods ~of
formailatiqnegentaining syeh crrders pyere kpewm bt the arfiorkegpprgpriate.

[mm)] des;péa thfoﬁ) Bleit9R0R b irarRiM B PRRRER A GO §§omﬂound of

hydant oi ns, benzodi azepi nes and di peptides; Vvinyl

thsanyeptpn(s)dpdudernomyders: parys, Priprenidarsias creems, lotions, gels solutions,
thlcl')eg %@fnﬂ?ﬂﬁ@g eﬁ'ﬁ amtcb%b%ﬂ}gﬁlgﬂgf@%gﬁ(?) rﬂg)pf)é f1fed under sterile

nucl el ¢ aci raril es,
comkitiygh ydthatpbatnisgewicaliysaccepieble tmm:r mll\aﬁu:me' présbrvativessbuffers, or

r Jqgani ¢ nol ecule libraries). In
pé% %&§§%g§%ﬁé§g?kh?ge conmpounds in the libraries
[(27 Hened Hreirmehts, pastas; cxtams amtbgrﬂs Idaay ermkade, i edlitidorio aompound
tide.nolecules can, exi

o Rl s B PPl R, PR RR R B oo
OM mmnppmaﬁﬁﬁs istaedhy rtlegacdmni, callhﬂosﬁmlbn‘i'atmi pdlyéthylem&‘gyctodf;

nal ogs I n | u i de sin on-naturally
sifRcher Brnatitem v et G e aREASC Bl P hairpbacot
[qoﬁmlphor mdazrsgh@ gﬁaﬂfcaa%rnﬁn,aﬁ ladcﬁtloﬁwcafbo&@oﬁnm the
. oS rc. acl ds .an am _no osp G acC
n?{ﬁ?twg? géﬁaeleﬂfawwgas ﬁ@?’?siyéﬂﬁ iy ﬁ‘“\*fj; a@@gnu% hﬁr@@e Selcpm
siBEnadsQE8 p&yﬁhldaﬁoﬁﬂﬁsﬁh@l&ﬁﬁ@ cﬂ@te@@s@@ﬁndﬁmpraﬁocmaaﬁﬁ@nauy

antigens, synthetic or naturally occur.ring

copALFUStoma BraRTffets: wieh t ehieailuerahdEararbens ?’Fé’sv"lgﬂe unsubstituted

h}lcﬂ?éoﬁfﬂéhﬁsuéx%tbﬁiaﬁ@%d f6panBl Ost agl andi ns, organic
nol ecul es, pheronones, ‘adenosi ne, sucrose, gl ucaose,

(0028 0se A copapend o Bhe inyenhan(Fean be alssnajivelyiadaaistgred by
e o oL BOaH 18 Pactariat i AU IS RUE, Bhosbif preparation o
sotid phitialgs mnt@nmg iligrcamipewnda rdengnagidous f@nﬂl@rmr@@mr@ellant)
di

o A3 b5 Ozl e b B b they minimize exposing
theregeat foi sheranoliels canpysulich idegradegion wbthp hoﬂnpcmmdc 0 rrp 0 u nds,
[0 @i’ﬂ i g:tn ?r%lg’ig%ﬁﬁpagxr erﬁéOéllg g%rgog trishrglgedegbgp Prm ) tlng} ueous solution or
sulspeosmrh piberegen; togetharodittacepentaasl McsmrmnysamapdablaSmxers and

hydant oi ns, benzodi azepi nes and di pepti des; vinyl ogous

pol ypepti des; nonpeptidal peptidon netics;

ol i gocar bar nat es; pepti dyl ﬁﬁosphonates; pepti de

nucleic acid libraries; antibody |ibraries; or

carbohydrate |ibraries. Conbinatorial libraries are

t hensel ves comercially avail able (see, e.g.

ConmCGenex, Princeton, New Jersey; Asinex, Mscow, Ru,

Tripes, Inc., St. Louis, Mssouri; Chem Star, Ltd,

P —




the library are nore anenabl e for cellular uptake. For

exanpl e, conpounds are sel ected based on specific

paranmeters such as, but not limted to, size,

i pophilicity, hydrophilicity, and hydrogen bondi ng,

whi ch enhance the |ikelihood of conpounds getting into

gﬂ?ﬁﬁfi l(]j‘ﬁ carr St gﬁfhzgrgpﬁg ereﬁﬁl?en&ﬁ%@%%ﬁﬁﬁr

ree-di mensi o f our - di nensi onal

coMppuLidebut mmqally aclude n<pm@g¢ amﬁcta{lt@ OBvesgpsy Rluronics, or polyethylene
i.natori al c;o \ [ N ARGEE

SheER PReorsTRURE B Sfbgt PR slfiln UG, i€ S50 EANGE o

23)A8 bl 3k g cine, "Bhﬁh’s,l saltg supassalr sugat elcawis. iAerepplstagparplly are

msthog{ di recte q:] toward the creation of |arge

RERRFed TR SERE™F or gani ¢ compounds, or librari es,

[p78] CouTTgndiemsd paretivs Havedthe aiddad abeotaggefgedviding controlled

b| ol ogi cal or ot er, act., v Th h
ey Sk cceprop e S O By o g F s B made by
d?ﬁf)]fvﬁlrg%? Q:spéﬂsxﬁg)dhbl hiembinQhe propérintedival. i Abspiptior ;:nhanem capralso be
a solid suppa Sol i d- phasg s nthgl %xn‘allli\?;at fse%ﬁﬂuxcanbe
userd lodrraeree Pi‘Pf%‘? é@VFé‘%ﬁ“&?ﬁ CTAREPGE & 8aTtT 6N
Joﬁﬂ&li%ﬁ@kl %ftl'ie‘i’ Bro‘ﬁi(ﬁﬁk Ja@tontralissmbabanse dispesig theagesingredient
can easi |y and washed away after each
meaelym@hmsméprg@ol | d phase conbi natori al synthesis
[gb tendg %&%%ﬁatﬁ&@'@& b@inerd, poikdezd kolatiomeld the like, are
cre ni ng. wever, the nore traditional solution
qma:setemhbtvdgs bm&w@oﬁ@cwmf@&m%??’ét y of organic
| onsyp, rgﬁb@ﬁ] é¥ion suitable f teral
P 0] Co nat egl{r?élagpo orrpgﬁi ﬁfgﬁlr ar |0 ggmc?f et ﬁrepag)?neesrent
Admsisttation covaryish enesgrrmndre sompaynd of thy inviertiongp it gampination with one
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oy phtia ceunﬁlﬁgllfe%ce&%ﬁg%tre P%rl?:ﬁ%%g @,_-}% og?céﬁr?ge |unS| t éons
cﬁiﬁetstoﬁhfs ysuspehsfons Baemmlslonb or ﬁq:rils 09'6degs whisk ey bs regonstituted into

e

lﬂl'fféﬁ‘[ Ricericanpauints michfrmdenmmﬁmmndaupn sbtonichyigy the loeqi of the
ounds. [00301],I n o e .enbodi m,?nt t he conbi natori al
GRFEPIFIGF SHEDrdIng oF g?ﬂ‘t“ﬁ?%l zéd in solution. The
7|8?>d di Eﬁdr@@eeobﬂsmdwe&qum end nddaquedys GG, Avttich Bayyesr

whi ch h ted.b
aenicYetin Peparmeceacy seteson RLS ey g Ll Crddhol. potyols
(Ifs&‘h a8 @lyedrbo oﬁﬁéﬁeﬁglfid&ﬂ \tpoB&ihylené glye(b‘lbandah@hka),l and suitable mixtures

e e B2 B O e Pl

Irrgl?e?tﬂﬁfaﬁ cb&?‘lbcr}gmhﬂaﬁl'é& b dx@ihbplt, BY the @kd chatﬁtglxﬁlatenals such as
actions. The corIEounds produced by conbi rg atorj al

legjthith by fhs mpinterged el apficfq sigs i hercats of dracisipt pod by the

@g!{% Lecul es. Some conpounds in the library may
‘ggg F}%?[effects of non-peptides or peptides. In

[O@Zﬂ?ﬂ ast ilbess gbmppsgh:ag mag 9}59 Begain adigyansosh ﬁsagrsqer\gﬂtwes wetting
e u., o egstl% ngr géﬂtse%d dlégglilblgxg g&ﬁsc‘ @’réf)éﬂmﬁ%?'ﬂ?e #8688 ofNBlcroorganisms

ed protocols for

rmqrbet ansiradby the mcm:hcmw@ warious enifhacetial gndantifiagabpeegts fog example,

;gba. gg%rc%ﬁgagcrﬂ S%l%eEglps%ﬁilg Zicu? 58% ﬁ%ﬂ&e (51? mg' glso & Qé'ﬁr.a%l% t5001nclude
ikdtbrab agehtsaduch ad 8@drs, sddiu@r chlordecand t&ghkkggt@ thq_@m@%{tlons In

a%ﬁlé)@w pr@ﬁxégﬁ}]i ’abiolgﬁfoncg%leéweftablg §§%§1¥%%&S g%xgqh Ilng% be ﬂx%gg’;n about

al ., 1994, Rapid Commun. Mass Spect. 8:77; Chu et at,
1995, J. Am Chem Soc. 117:5419; Brummel et at, 1994,
Sci ence 264:399; and Stevanovic et at, 1993, Bioorg.
Med. Chem Lett. 3:431). [00%021Conbi natorial conpound
libraries useful for the nethods of the present



i nvention can be synthesized on solid supports. In one
enbodi nent, a split synthesis nethod, a protocol of
separating and m xi ng solid supports during the
synthesis, is used to synthesize a library of
conmpounds on solid supports (see e.g., Lamet at,
¢ incfeliRAof ieMts which/dkiay48sorptitnFapeds abimiin mb8&tearate and

roc. Natl. Acad. Sci. A 90: 10922- 10926 and

gedatir ences cit ed therein). Each solid support in the

foo2sd] | 1 bERAL NBSesSHDRSIHY thabaet dg/ﬁ»ﬁs B sirERERAUGE the

attached to its surface. Oher netho
apgerpHeneiihadrue G subeuanieens o intragmupeular gecgien.j Bhis may be

a}ﬁ%ﬂ@fs}éd WF [lgé dt a‘ﬂé\ﬂﬁ@ﬁ%@ﬁ%ﬂnsééﬁggaﬁlgﬁ I%F %%ﬁ?ﬁg %Ehterial having

BovewatepsajubilitieTheirate of ahsorptionasf th@@mmmdwenéwméts Ath pf

SRR aRE 56 3 0REBhd Bon bUSRL i anl e 236, iiiver,

detayndl alssbiption efStpmaderbisabniasteeyd dray foiml sricedmplished bystissolving or
ents g%t HDAC nd%q{ TDAC i nhi bitory activi-ty. The
%?? VBHEE€d on the use of specific

[ammodu emjémblaad@btyﬂoﬁﬁMe tnlaaeuby forming rracretmhlauh:dnamces of

f | at ed t
coba & invorBiaT Gl fypiods R Ts bl pieh of RO A kg vy colide.
‘Ddpahding ef the kRl dfinigtb ipbliyinet oM he Qﬁtﬁtt&)fﬁﬁ‘i@'tﬁﬁlah’pdl?mer

Ver sa. desc i bed abov any.type of agent, ..
o et A e rb 6t e Eeasple S 5sk blodggradable
Lk ﬁalud@p&yooﬁﬁ@aste&q bty @fHydees). DRp6t injest@dle BRmulations are

creened using the inventjve assay.. In certain
ehaFRd by Sotranping th ?réqugermlré@o’aweorwr@%@awn% Vhigh pre gpmpatible
Wit bdagWs@fe. enmbodi ments, the snall nol ecules are
tubacin-1ike or are tubaC|n derivatives. In certain

18035841 rrenPgen thecomparnd ofghedpvantign(a) e adswipisisrrdes @hartnﬁeeutwals
th ﬁ&lﬁ%ﬂ;tanﬂ DYieRls @By calltR gﬁ@eﬁ?}e@&%%a PRYmale8QcaP @or&llﬂﬁ on

mol ecul es purchased, prepared through traditio
coptaining far exaemﬂwoques% Sﬁ(f @mp exgfarahln @gihto &6 phretive ingredient in

CSE.e{Haﬁ&f \XuﬂtlF? ng%ﬁé?a“? %@ﬂg}&% Jdrom historical

m ca tal n enbodi nents, the test
[097831 s ar Begmrdlessloé thelrewe of administatios wtledtedrtheteompourd of the

. . e 0 I

o0 L SRR A5 e i

compbsfionsefithogravent tisentidre atedstmudgehin® pimmqnexlt;caky geceptable
The assa v cont.a tin [.] mnth a

b Koy 07 R M S PR Bl R el

[mmza ] fi c Actoali dosapedevelbhaad smeccbﬁnsc:oﬁxdndmttrams ofﬁhe hetide

concentration of ent,. solv
B e RS RERT i i o PORiaR B o g spfo obtain
ah Bmotatof 2, actCingrétiefitaniel i efbdiie (PahRIBHedSsifta Yhddpeutic
deter ned g¥ t he, operator_ or scie tls conducting the

rzsggrasy Uit Bafienh SPBRPSHaRgesim {piion, yitfipytbeing

téMid to thE f)éi‘ifcnta AledRmBlaRedbst kdiBe f frdn oY b@l@ 2B pét 4. t he
t est conpound the cells are treated with a first

[900283hr y abrederms doss efctheermpayad ALthe vertandpiche prsprat jnyention is
128 aRGRAY PR BAYoRRd Qﬂ%t AVl %E%L@Q?}Be‘ﬂ%cemla Preferably,
acetylated lysine. The cells are then contacted wt
theggmpeenshrfshs insgntiop ofithe preserd énvieniéors ip pdraiaisterask at@ﬁ@ncentratlon of
[ [

B0 TRY b B BT R R of R Sl IR GIR kot 1 mere
uni que fluorsecence signals. However,

chem | um nescence, phosphorescence, colorlnetrlc

enzymati c reaction products, or other reporters nmay

al so be used. The signal frofh each of the secondary

anti bodies is neasured and optionally quantitated to
determ ne the anmount of TDAC 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




In certain enbodi nents, the cells are human cancer
cells lines. Any type of cancer cell nay be used.
Certain exenplary cell lines include multiple nyel omg,
non- Hodgki n' s | ynphoma, acute nyel ogenous | eukem a
(AM.), breast cancer, ovarian cancer, prostate cancer,

o!r: é%g&?:e&grrgél abidl 960 I‘E@‘R 6F quk%*é@m RangkyiiRhasHate fthéabove-

_ n-cancer, erV| cancer stomach cancer,
r&ﬁxadavaimswalsoentcnde$pelm Hartof thelinventiofes | ncl ude 1?2{M 1S,
U266, RPM 8226, DOX40, MM IR, |INA-6, LR5, etc.

[ 00306] The cells are typically plated in nmulti-well
SticemnedAsuist ure plates (e.g. 384 well plates) and

| | owed to adh to th | a
[‘Sﬁz specP Py 8§Wée@ﬁ¥ P% §?°% nmlﬁsb Rgé ggeg &%‘&f&e’eﬁ%&%%om
r&fpBfeipkdiéih klégi'sdah@ﬂi aﬁ@ihfpat‘t&ﬁlar aftjEDA Chpthe bﬂem@gmldeg novel
sgr;qt:ngxg)gl Ilgfstpgﬁ gx;)gq% régtg g'lc %%r%%u%ggm?tlhé&) é’n tqlagntltat ve, celhélar,
I&Qgeéﬁagémieerfl wdahcdrbalﬁcel s undfer plgysn ZI i gi ;:]al

condi tions for ours, prefer - QUI. S,
W (ercepig Tasdiods Sbibgimy Pt s ety gk fhsopeheut
Bab&BcREn 684ahser 3E1R, TS BB ILRS beigtdwd, fe emnp’mrmnultl-well plates

n i bodi es-one specific for acetylateg #Eggﬂﬁ' Q 1£hr
opthips: far sramaple 834-welbplateyarmats or ihehiph 1B &Y JVgygpenamay
Cgﬁ{%((%{oo A b, WobiRa! MAY.OTR celld RagBE Lol aﬁd‘@@(ﬂéd’ﬁﬁ iieSe welikeand

i [
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S?)ﬁl% QPR YraRi0¢ m §) g?ﬁasea— 8% 1D RE %ﬁuﬁﬁ&i ésrm‘ﬁﬁﬁed Rééin! Oeher libraries

uor escence sig from each of the -secondary
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tﬁg}[&é}t d &g glfag %%ﬁlt&é n%ﬂehot&ﬂa Jshﬁ‘sc@srsgd hetraﬁ B8 dxBmpRYtubulin

ai ned ers; such as other proteins,
and hisehe actyilation stateespecifiOMMiboding may be wriardyseegaized by

cag%a %ng:tyo&%tc%}t éolca ag§7 1o HR64i984:3n hekad lgﬁéfe(f Jﬁa RelRied if

response curves, t’o cal cul ate
theégFindv aWelsor throughstodds Iaresthers&cpmdtlmaremfb&ﬁﬂ@d faghion. This may be done,

relatlo shi ps | c

SprepE: o i i 000 P iferb Rph oo e fbpipfes nto

ab bRk, f@teRam10 ARG cbheof flusemtdnve cammpayd wEh penttolss theaelhtyve

anenable for use i.n hi t hr ou 1 ng

oA OSSR S B P et toy WG £ PR L iR Controls may

Hefﬁ?éﬁl%ﬁrefe?é’iﬁe CROTRMABPIS, 28 Adomead] lfdhaﬁl&clﬂlettleh@spﬁni, 4nrDMSO may be

abasroniots (Meleegitve Fandiopab e plielizEh B WTE Hssesonn for

d?x@&(é%%dt'xﬁtlt'y‘aﬂd aneigﬁ%th%ﬁt@iomlb e BPMIE2DS6 myeloma cell line.
enper at ur &

of |ncubat|o th te en
[P288h, etd. tt}bl&lpée getivg e IPRIYFAR éq S mplfs? éFSn%?IVS& fro 'Z{iversrcy-
o?l@:?tgﬁj kﬂnﬁéﬁ? patﬁ’&va}lse #f ex%glglet ﬁl%lhbﬁﬁﬁéjbﬂdoﬁﬁbﬁmﬂfs aes:tslsay @@ ternson

ot heif enmbodi nents, at I
&l\égxazc@mwr @ﬁ%l ée%z?aa%@yﬂéaw Ihageatty & ¢ df-n Clgn 18109%003

G080 ey 9 R g o

HDBDLR0G3 Sipr TDAG! Hagdsrty 87 ¢! qu CatpbtGhemiHighe hrioyglipab sggen. 2004
(0) n

G DR RSE By B8Lhe Bl i) INRIOR v BpERIALD, |

[0oR8bDI t Or Medfod IﬂBAdEnhfynng)a teadideiisontbounds & mlnlbé padeip gegradation

11%12 ggl cocr)nplrgg Qct:x{ta{c¥1n§ Qgéi 1tmr§hagg{'ets&£§ fo%a 10AAGith a candidate

compound, and determining a phenotvpe of the cell, wherein modulation of the phenotype is
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Kits [00310] The invention provides kits for treating a
protein degradation disorder in a subject. The kits
may conprise one or nore conpound of the invention,
(e.g., tubacin, a conpound of Formula I) or
pharnaceutically acceptable esters, salts, and

HRAGRDT tﬁene?ﬁ of tﬁ@ &bk mi;{/b hd. ;ﬂi%g&?ﬁes of Eellé?@ay bERBtermined as

I ns ructi ons dosa
dehniibred Serei, fa nxaamle b:slmqgatbaseﬁ mudtiflimens Q@ﬁbﬁcreemng The cell types

AL RSB ) PR N RE AL A 5 oy g

pﬁihslﬁmbs ofwpeidthocelidive. Bell pulowisgpimay celhuesapenatipg abllsymay be co-

GbERt BR8P b poncicae
edtiponhdiohé ﬁetﬂih,aiiﬂéﬁl;ﬁdthmlli yr accihyid Abvingoaertheedl, e.g., in a

The t| on al so rOVI aged
Il e amsBB T B e R e R B e powd beableto
ﬂammbﬁlepippadpnate@wﬁcﬂs naxd@maaaieﬁmsfth@ Iaisbliome and a
pharmaceutical ly acceptable carrier ri
E? Wged & ORISR, by e o B9 O aSﬂ e ffgﬂe ABeptide, ora
Ml@&ﬁd stifelmRklefdGekds R B¢, fortxample] 4] INAQr BN fbREle, e.g.,
adatlon di sorder, and packaged wi th i nstructions
EAYAigsIBNA B olig f ering from or susceptible to a
W()Qéﬂ' N degliafabdRfesdhsahéede pepli@ AdRdeliTon AVATE, fhenin,

al so provides kits for "screening for protein
Hbigrisisaqricheperames. bf ar exasmplerpeptides derivgy fiomche, Gderarps s HDACS,

@9@@&&&'4@9 gie)o{(m% CIEL ?00 $90RARITI @8 darithé LUM B13h QFHDACS,

rence may al so I ncl ude, reagents, for
entherphioo atids 1460 nPhermablepiptidessinclpdathe dyneingbindiag fomain of

Eb%%‘ldé]ﬁ%ﬁ%@%y 5% g&}raoxaa Vﬁb%gz»)T aRlc r?e‘i’;g’ﬂa‘av’f*ﬁﬁc%}ﬁah{kﬁ& 561790), the

conmpound idcove onpounds,
mwrpﬂl-bmdme i Zhdanaain Gl 781—63 B Drdbe @f—teugmpbﬁﬁ@@gamo acids.

g) 4] ki tS%ut%b?e sr@gﬁ%&%&ﬂ& 1}1 ar I gﬁy ﬁftheﬁc P%gg&é _Irﬁﬁhe

dation drsorder treatne
mbhsulmyay beodoutdmed aanglmxsy Iilnranﬁeif eompcmndgcanrbs obtainedr e

of the not er el re

Rt e o R TS e S DG A Shmef bt pBRUFE) frown
inthods (8., a$ @e&txﬁhtdhm hmsln)‘ or use, and instrunents for

ﬁ)ﬁ%ﬁm in %tﬁer s rgé:ntingsrggigoc?s for evaluating a test compound comprise contacting

an cell exhibiting aggresome formation with a test compound, 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



[00315] One or nore of the kit of the invention may be
packaged together, for exanple, a kit for assessing

the efficacy of a protein degradation treatnent may be
package with a kit for treating a protein degradation

di sorder. EXAMPLES Experinental Procedures Bone

H&dul8 fHehotypeds desdribed E&YBEbf g edll tisses or subject. Blk chemical libraries

ci nens..wer.e obtai ned fr.om.patjen W t .
0 i ARLAE iprariss Peptidartyy ?faggﬂpsffeg{l@ilywﬂﬂem% ibraries,
1Etdainant;le B2 fhire ARy Ubrasies] anERtvitkd @dhsieBsn-biedlib@ries, other non-
establ i shed | ong-term BM cul tures. When an adher ent

Reptide sypihesicayean ifrariegs Adg- oped, cells were harvested in

[o6av6] S Bufdfb%ﬁﬁjsc%@nb@ﬁ‘slléqhé’hb&ﬂd%@ﬁr&ﬁeﬁﬂn%nﬁ@x%an comprise a
tryp3| n and 0. 02% EDTA, washed, .and col | ected

V@gﬁv of toegeaticompounds.| Examples of Fhueriestha "B%\P?J*’rca@ﬁ%fi leépqosdance with
etBMsF HR TR enfiSih inc§x§é:%)1t are not hml@g)ﬂo PERRIES:; 'ré&ﬁoﬁn%o]d@mers

an resi st ant MM c I'i nes were kind

divepspgesguglyas Ilwdarmles; émmé@@qpu(emrdt c}mmd@t vinylageus m@lypgptldes,

%ﬂ} %ﬁ% P aﬂt 1&11@? §$a?l§:£gnn %&%gﬁ%ﬂo%&%&e 3 e%tn!lé dieRic acid

lipRaick aitibody lib@Yies; Icarbahydi@pehbtems arian ! awdléculs lrbearwa@referably,

séleafrf %%191? .rnpo\'@.ecﬁ%ﬁle%xﬁ% eﬂé/:s ;%1 nﬁﬁnﬂﬁﬁm{%lcgﬁg&ﬂx’ds in the libraries

sclosred atei nucleicraegl g tpapitde RRVcuBax (G moaHimilingiesmpls, peptide molecules

%éow ded% ?sp]ﬁdlk)r Il?a teg%{ﬂig laf.tfleﬁli/b{he I tes gﬁﬂmd)ro S uﬁclude

bRRive ndtﬁﬂaﬁtedwtpaptmemgala:gx%nﬂedmg pém\idasl’tﬁnﬁ)ﬁkmgméﬂ:%rally occurring

gy R S T i, PhesRPOT aploRs af Syt f Tabmino

phéspBAd acﬁs@ﬂdi -bﬁﬁrﬁﬂﬂwﬂmﬁlc adid¥Poantied hadsiek giBhpEmide kages,
ition qf ng/t patient plasnma

th .
né“fé?lﬁ §3aé?aé°q§ §Peh 45@@1%@6%%%?@% PN% hopRpres g sy nihptic or
nQAAY o¥Rirridedr8gs biRtes! FoPiniad) sebionkH0 EhitechOlallinh,| thrombin,

(Roset t eSep Separ ation System Stern: Cell
theline grosiaclapding.suganic melsrpkgapheromonss, @gengsias.pucrose, glucose,

la@ﬁﬁ& ﬁﬂd%fﬁcfogé-)hbfgpi@s Otfolypéptifes MproRlrs San\iiso BAR¥ indke asgays of

confirnmed by flow cyt omatrl c anal ysis using anti-CD13
thednyeRThar i ngen, San Di ego, CA). Mononucl ear cells

doYd¥%ys) sepa g@éf@r@ecpéfnﬂ%'dﬁﬂénlt thd m&t&ﬁpﬁﬁrﬁﬂes are small organic

Sedl ment at i from BM as |rates were al so used to
melscal libeiies pplyding: but BM lgwq@rmbewcliagemms@a)remxb

t}ﬁ’Jz%H&%‘x?ek Ym&i RibABck, é%r?(%hddt%g ﬁolf‘ﬁé B&hHITRAL, Snd T h

patient sanp es wer e oF NEd" according to the
bprzodisepines piprapvtber duybodivecnt, st qomhmamml ll@msmnﬁummpﬂdes
ra Bl Mo bonsd B RERL A RO AR B SR80 WBrodiazcpines
aﬂ?hhpemdesumnyh»gsus(;(aamepmdégemnﬁ@)ndalbeﬂim!éﬁﬁrnsmpmligocarbamates

P R i £ R Eb P b oo
hMaﬁasa mHMﬁuaw&fas libryiriéslsdy thamee N s saaiattdalytayaildbid (séeyib. g, Of
gplgegl g:? ce?go%gwh?r?%y?l tg&f cowdﬁu,sl'ojp\cgse ?nc rbt I%\(/)15118 lepssoun

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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DNA synt hesi s. Proliferation was neasured by
3H-thym di ne uptake. Briefly, MMcells (3 x 104cells
/well) were incubated in 96-well culture plates in the
presence of nedia, Vel cade and/or Tubacin for 48 h at
37C. DNA synthesis was neasured by [31-1]-thym di ne
béded b ppetitik patdaeterssubl ag byt BoEmoe to)ige, ijxtphjdbity,(]?eykito@hilicity,

onEisndytn B ich s L6 i Sad oot il el BR o

afhdr @ﬁnﬁ&ﬂmbﬁt he cphpaimti©are Ghdlyed by ibdoditdensioms sfpur-dimensional
The i nhi bi tor%p effect of bortezom b and/or tubacin on

COAPYEN PGB HPIREe M ssessed by neasuri ng

[6b264, 5- d'l‘&tcbﬁﬁbﬁxﬁﬂoﬁilcﬂom%mﬁﬂd) litgarp foH BRI MekortiBict 83@lhd Hethods
brom de (M 1) dye absorbance, as_ described previously

of g presen uventfongeayAg synthesizedr Berqisagrent iwest i Drthetic gxlethods
dﬁ?éctél t@é@thé\@r_éétﬁ)ﬁ o?@%@ c\ﬁﬁéc'tloflsocgf shllf ol‘g%ﬁfb cBmPofas, 48 liBraries,

cul tures, | sopr opanol cont ai ni ng

whichAnnIFEE scrmsé fq; @h@mamlgglneédy@ip@aalar othgcactinify. uEersgnthetic
m%o%g)ﬁg %&P@ﬁ%ﬁeﬁas&c’ﬂbﬁﬁ%rﬁf li eRiRed in Ul]'aﬁyﬁ’ &J iff the solid

experlrrents were per ITE If] qqa ru I cate.
phuse.tier, an bisalid suppprt. Sohd-nmwnﬂlssxmal@s ifiepsiente domiut:ttmwl-step

b R A0 R G I VS5 VDA A B o
biNeeGlly addiel hﬁd walshe& avwdyl HT fgchFearibietén. DlidihhizIvdbinatorialV
%gi%sis a?s ngs {mi v@es%%altlglg,tpug%gatlogjﬁgg%ﬁﬁﬁ g : a‘lﬁegd é’tt}rlee ore
tradltlwmlmmnf@ﬂ:m&héxﬁ’imy Eiqxﬂ)oﬁabwucm wariegysof driganinueasion Gy solid-

nd obl otted with Abs agai nst specific proteins.
%58\%;1 mn{]E?'mat ric analysis. For cell cycle

[G0Bad]ysi S,Cobitsdriad carbipdunt] ¢iblrakies ofdle fredent Meditiad eafly be pdthesized

oSS IECL b4 P10 L ML KSSLEfh  MEREC M i i ey

nfbbi‘pafawd,by&élérehéeﬁﬁﬁ@ Entivetyh ULS. Pagpntvlio o 19@)@19 ﬂlsém%ynthesis

aD| a%hs ‘er{ qfig[dg}ﬁ’qj;;) E%.I}ﬁ rq??léh%rpyes% f@ﬁaf)ralf \sl\fnrﬂ?eél}sr?ggmltiple
diﬂ&éte%@inbotﬁ))@bﬁfo%&ﬁlﬁhﬁoﬂﬂ%bﬁ@i%ﬁéﬂﬂoﬂ@duﬂdﬁ| ng program M
sof tware on an Epics fl ow c%tomater ( Coul

[90384nol 0919 onq_ﬁalgbqgérﬁent;th? cqmy )w.tonal compound htbrary 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 er 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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Ef fect of Vel cade and Tubacin on paracrine MM cell
growmh in the BM To evaluate growth stinmulation
and signaling in MMcells adherent to BMSCs, 3 x 104
MM | Scells were cultured in BMSC coated 96-wel |
plates for 48 h, in the presence of Vel cade and/or

Tﬁbéﬁﬁ bial, B9A. EW, m@ﬂnsswammsmmdm&s s $994hBelence 264:399;
abdve. | mhunobl ottin tured with

aﬂ@ﬁ@&@ﬁ@&ﬁﬂﬂo@%ﬁ‘@f@ﬁﬂ@ {vasre Ir?gr %réﬁt)ed washed, and
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I t;
RO b 30 SIS R I 5 o

a(lﬂsramy Eﬁmmmbmdsalnaplléwppm(wl% Lagygt ol 21897, Chem. Rev. 97:41 -448;

AR AL, Pl AL, O A g it s

t&@ﬁhy IRkl §blitll saplmman i, ﬁmbmtrydyémedlbkfamtaﬁm enéype of compound
|t n osphq- SAPK
atspsgboutsritacel B o Bl oo R RRER e gu sold
B |\?/qherﬁ|l‘iﬁ\bme ot Ratthchad todach suppdi vilbaa keovar tozhose of skill in
I ot echnol o Santa Cruz, CA). | as with
SB‘yﬁé’l’Wg ﬁbe %1" éﬁ%}: CE%“IﬁW)L%’]lJ?@%) . ‘For
i m’nﬁnoprem pitation, whole cell |ysates were incubated
with anti-Ub or nei n. Abs C, and then
Imﬁfetaw‘é«oesse%et‘iﬁmw%tIéf'ﬁﬁwﬁﬁéggnﬂﬁﬂéf@hééﬂ fta Cruz
fChnolrROMEsehPyehtibn plovitles arﬁi&xrhﬁoﬂﬁére@éhdérbasddbiﬁsay for
| nmunopreci pi tates were thep, subjecte
Sﬁ%‘lﬁéﬁl&t@ﬁlaé?ftt# Gandie iRsH- 63“%4973@8 TR d‘&x?ﬁ%‘feﬁ“we assay is

bEEe%rb%' RdWse bF %fﬁ%%ﬂmeeff HRARte8 infiMAn and acetylahddl1
tvversg t?ﬂaénly ent1 zﬁ: t rcgnsf ecteed Wi t?]n H%Z\g:Ga Sj %ﬁ:ﬁe :
&

r(iqghqrfmgwla;qdéustor@g)f fgsay 13@))005]@;1}&, @seﬁééql Jdeptifying agents that
Anig&ﬁ& %ﬁlﬁ{rﬁb!&@ vedbus TE%@&‘%&Q/GPSQ ABBeEABIdWbEYe, Bny type of

Bl osystens, Gaithersburg, M) instructions
2£88) inclpding emblhrpolerulas pelamprsnbiompicculss, pioteins, papfides,

P}Hu 864RAs ePc b%rs@re?legtuglhg theafiniWle Tas@a?/S 3y cerlath énlil%dlments

resence or nce of bottézom b. of MM cel |
smﬂtﬂen@mules @reBMB@se.d In certaipcpagiicalag amboc’tﬂﬁéméfthfe%liaudﬁdec‘ﬂes are

t l: t r f
T
ammpeumdslof the @cesérgrinv2dtion. ThBXBCrasots ey alpe baempll plokpcelgs purchased,

%—%}aa{ 0 ethI%ughS gﬁt? oral ﬁ@gﬁ%%@&%ﬁp‘%&e@ tkﬁ'ggéhoévc\)/amsbinatorial chemistry

zom nt hesi
teehakuee dr mal[manﬂc}mmnymcah chem(cﬁleloldecrmoﬁd: rierceﬂ&)smbwﬂimts the test

N T e i

yet other embodiments, the test agents are polynucleotldes In certam embodlments ‘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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Statistical significance of differences observed in
drug-treated versus control cultures was determ ned
usi ng the W1 coxon signed-ranks test. The m ni nal

| evel of significance was p < 0.05. The interaction
bet ween tubacin and bortezom b was anal yzed by
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cytotoxicity in PBMCs is induced by tubacin (Fig. 2C).
These results indicate That tubacin sensitivity is
i ndependent of resistance to conventional
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Tubacin inhibits interaction of HDAC6 with dynei n;

when conbined with bortezom b, it induces accunul ation

of ubiquitinated proteins. To overcone

bortezoni b resistance in MM novel therapeutic options

are urgently needed. Based upon our preclinical
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EXAMPLE 5 Tubacin conbined with bortezom b
denonstrates significant cytotoxicity in MM patient

pl asma cel | s. Havi ng show si gni fi cant
cytotoxicity of conbined treatnent of tubacin and
bortezomb in MMcell lines, further exam ned was the

[$U3A8Et of IHdiveRasbiIsRprovides Kiisifarakmtsidy ODpRBeip degradatien
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observation. EXAMPLE 6 Tubacin conbi ned with
bortezom b inhibits paracrine MM cell grow h. We
have previously shown that the BM m croenvironnent
Boxf@erEScel | growh and drug resistance in lvilvl
cells (3, 30, 31), and next studied was the functional
impbraid PodcedikEACE i nhi bition in the presence or
absence of bortezomb, in MMcells wthin the BM
Buinleingarrowhirorh & eHd(BMIM)2RE6resel | s were cultured with
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Tubacin selectively inhibits the carboxy-term ng

domai n of HDAC6, causing tubulin hyperacetyl ation.

Not abl y, tubacin was previously reported to have no

effect on histone acetylation, the transcriptiona

profile, cell cycle, or viability of A549 |ung cancer -
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Aggresone formation in patient-derived nyel oma cells:
The role of the agg,resone in protein catabolismin
nmyeloma cells is determined in vivo, the effects of
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detection. EXAMPLE 9 Identification of potent,

sel ective inhibitors of HDAC6 enabling the

i nvestigation of
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EP%&HPE?és aggresone formation and cell viability in
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f%ggiygpgcj@gllly 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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ciBipade-depeitlent2OfoA 7,5t WAL whether tubacm—mduced 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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cgmpégsgg%) pr@!egs%glail-Qégradgiégtpof];%%blqmtmated 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.
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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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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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The contents of all references, patents, and patent
applications cited herein are hereby incorporated by
reference in their entirety. The contents of Appendi x
A (25 pages), attached hereto, are hereby incorporated
by reference in their entirety. Qher enbodinents are
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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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7. The use of claim1l, wherein the proteasone
inhibitor is bortezomb. 8. Use of a proteasone
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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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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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29. The use of any one of clains 1-12" further
conprising determ ning the subject's phenotype after a
second period of treatnment with the proteasone or
aggresone inhibitor. 30. The use of any one of clains
1-12, further conprising obtaining a second biol ogi ca
sanple fromthe subject. 31. The use of any one of
claims 1-12, further conprkﬁégg adm nistering a
therapeutically effective anount of one or nore
addi tional protein degradation inhibitors to the
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alcoholic liver disease, cystic fibrosis, Pick's Disease or Lewy body dementia.
7. The use of claim 1, wherein the proteasome inhibitor is bortezomib.

8. Use of a proteasome inhibitor and an aggresome inhibitor for the manufacture of a
medicament for treating a cell exhibiting symptoms of a protein degradation disorder,

wherein the aggresome inhibitor selectively inhibits HDACG.

9. The use of claim 8, wherein the cell is one or more of a cell from a subject or a

cultured cell.
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40. The use of claim 39, wherein the standard
phenotype is the correspondi ng phenotype in a
reference cell or population of cells. 41. The use of
claim 40, wherein the reference cell is one or nore of
the followng, cells fromthe subject, cultured cells
cultured cells fromthe subject, or cells fromthe
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normal or cancerous hemat opoietic stemcells, neura

sobd emarekllss or asgbedes unor cells, or astrocytes. 43.The

use of any one of clains 1-42, wherein the subject or
the cell is a human

11. The use of claim 9, wherein the cultured cell is one or more of MM.18S, U266,
RPMI8226, DOX40, MM. IR, INA-6, LRS5, primary and established cancer cell lines,

primary and established normal cell lines.

12.  Use of a proteasome inhibitor and an aggresome inhibitor for the manufacture of a
medicament for treating a subject suffering from or susceptible to multiple myeloma,

wherein the aggresome inhibitor selectively inhibits HDACSG.
13.  The use of any one of claims 1-12, wherein the proteasome or aggresome inhibitor is
selected from the group consisting of tubacin, bortezomib, Rl 15777 FTI, '“*Holminun-

DOTMP, arsenic trioxide, 17-AAG, MGI 32, sapojargon, and NPI-0052.

14.  The use of any one of claims 1-12, wherein the aggresome inhibitor is of the

formula:
B
(0] (0]
Ra)\/k R,
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; -CO2RA; -SRa; -SOR,; -SO;R4; -N(Ra)2;
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-NHC(O)R; or -C(Rn)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;

R; is hydrogen; halogen; cyélic 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)Rg; -CO2Rz; -CN; -SCN; -SRp; -SORg; -SO2Rg;
-NO;; -N(Rg)2; -NHC(O)Rg; or -C(Rg)3; wherein each occurrence of Rg 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

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; -ORc; -C(=0)Rc; -COzRc; -CN; -SCN; -SRc; -SOR¢; -SOzR;
“NOy; -N(R¢)z; -NHC(O)Rg; 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.

15.  The use of any one of claims 1-12, wherein the aggresome inhibitor is of the
formula:
RS
O/kO

and pharmaceutically acceptable derivatives thereof;

109



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,
heterocyclic, aromatic or heteroaromatic moiety;

X is -O-, -C(R*"),-, -S-, or -N R?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’ is an aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic or heteroaromatic
moiety; and

Y is hydrogen or an aliphatic, alicyclic, heteroaliphatic, heterocyclic, aromatic or

heteroaromatic moiety,

16.  The use of any one of claims 1-12, wherein the aggresome inhibitor is one of the

formulae:

HN OH

O2N
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17.  The use of any one of claims 1-12, wherein the aggresome inhibitor is a compound

of formula:

ZT

HN OH

HO N

18.  The use of any one of claims 1-12, wherein the aggresome inhibitor is of the

formula:
(0]
N
HN SOH
)\ Y
0} 0
S
B
N

19. The use of any one of claims 1-12, wherein the aggresome inhibitor is a compound of

formula:
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AI'1 Ar2

Rz
wherein,
each X is independently O, S, CH;, or NRj;
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;
R, is hydrogen, a lower alkyl group’or an aryl group; and
R3 is hydrogen, a lower alkyl group, an aryl group, an alkylcarbonyl, an

alkoxycarbonyl group, or an aminocarbonyl group.

20.  The use of any one of claims 1-12,
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;
R; is hydrogen.

21.  The use of any one of claims 1-12, wherein, the aggresome inhibitor inhibits the C-
terminal aceylation activity of HDACS, thereby inhibiting aggresome mediated protein

degradation.

22.  The use of any one of claims 1-12, wherein the proteasome inhibitor is one or more

of bortezomib, MGI32, sapojargon, or NPI-0052.
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23.  The use of any one of claims 1-12, wherein the aggresome inhibitor is a peptide
derived from HDACS, dyenin, an N-terminal peptide of HDACG6 or C-terminal peptide of
HDACSG.

24.  The use of claim 23, wherein the C-terminal HDAC6 peptide is sufficient to

modulate a phenotype of a cell.

25.  The use of claim 24, wherein the phenotype is biological or clinical sequelae in
response to a particular treatment or compound, 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 aggresomes in mature plasma cells,
HDACS6 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 or extracellular proteins.

26, The use of claim 25, 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
plasma cells, level of full length PARP in mature plasma cells, or aggregation of mature

plasma cells, indicates that the treatment is efficacious.

27.  The use of claim 25, wherein an increase in acetylation state of tubulin, HDAC6

ubiquitination in mature plasma cells, level of cleaved form of caspase-8, level of cleaved
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form of PARP, necrosis, acetylation state of non-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.

28.  The use of any one of claims 1-12, further comprising obtaining a biological sample

from a subject.

29.  The use of any one of claims 1-12,, further comprising determining the subject's

phenotype after a second period of treatment with the proteasome or aggresome inhibitor.

30.  The use of any one of claims 1-12, further comprising obtaining a second biological

sample from the subject.

31.  The use of any one of claims 1-12, further comprising administering a
therapeutically effective amount of one or more additional protein degradation inhibitors to

the subject or cell.

32.  The use of claim 31, wherein at least one of the additional protein degradation

inhibitors is an aggresome inhibitor.

33.  The use of claim 31, wherein at least one of the additional protein degradation

inhibitors is a proteasome inhibitor.

34,  The use of claim 31, wherein the additional protein degradation inhibitor is one or

more of bortezomib, tubacin, MG132, sapojargon, or NPI-0052.

35.  The use of any one of claims 1-12, further comprising monitoring the treatment or

progress of the cell or subject.

36.  The use of any of claims 1-12, further comprising obtaining the protein degradation
inhibitor.
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37.  The use of any one of claims 1-12, 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.

38. The use of claim 37, wherein the chemotherapeutic agent is tamoxifen, trastuzamab,
raloxifene, doxorubicin, fluorouracil/5-fu, pamidronate disodium, anastrozole, exemestane,
cyclophosphamide, epirubicin, letrozole, toremifene, fulvestrant, fluoxymester- one,
trastuzumab, methotrexate, megastrol acetate, docetaxel, paclitaxel, testolactone, aziridine,

vinblastine, capecitabine, goselerin acetate, zoledronic acid, taxol, vinblastine, or vincristine.

39.  The use of any one of claim 1-12, further comprising comparing one or more of the

pre-treatment or post-treatment phenotypes to a standard phenotype.

40.  The use of claim 39, wherein the standard phenotype is the corresponding phenotype

in a reference cell or population of cells.

41. The use of claim 40, 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.

42.  The use of claim 41, 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.

43.  The use of any one of claims 1-42, wherein the subject or the cell is a human.
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