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Background

[0003] Human Immunodeficiency Virus (HIV) is a member of the
lentiviruses, a subfamily of retroviruses. Many retroviruses are well-known
carcinogens. HIV per se is not known to cause cancer in humans or other
animals, but it does present a formidable challenge to the host. The viral
genome contains many regulatory elements which allow the virus to control its
rate of replication in both resting and dividing cells. Most importantly, HIV
infects and invades cells of the immune system; it breaks down the body's
immune system and renders the patient susceptible to opportunistic infections
and neoplasms. The immune defect appears to be progressive and irreversible,
with a high mortality rate that approaches 100% over several years.

[0004] HIV-1 is trophic and cytopathic for T4 lymphocytes, cells of the
immune system which express the cell surface differentiation antigen CD4,

also known as OKT4, T4 and leu3. The viral tropism is due to theinteractions
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St"flmens—Roche) and T-1249 (Trimeris), or soluble CD4, antibodies to CD4,

and conjugates of CD4 or anti-CD4, or as additionally presented herein.
Combinations of these drugs are particularly effective and can reduce levels of
viral RNA to undetectable levels in the plasma and slow the development of
viral resistance, with resulting improvements in patient health and life span.
[0007] Despite these advances, there are still problems with the currently
available drug regimens. Many of the drugs exhibit severe toxicities, have
other side-effects (e.g., fat redistribution) or require complicated dosing

schedules that reduce compliance and thereby limit efficacy. Resistant strains
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peptide 1 (SP1) and SP2, respectively) (Wiegers K. ez al., J. Virol. 72:2846-
2854 (1998), Pettit, S.C. et al, J. Virol. 68:8017-8027 (1994), Liang et al. J.
Virol. 76:11729-11737 (2002)). These spacer peptides are released by PR-
mediated cleavages at their N and C termini during particle maturation. The
individual cleavage sites on the HIV Gag and Gag-Pol polyproteins are
processed at different rates and this sequential processing results in Gag
intermediates appearing transiently before the final products.  Such
intermediates may be important for virion morphogenesis or maturation but do
not contribute to the structure of the mature viral particle (Weigers et al. and
Pettit, et al., supra). The initial Gag cleavage event occurs at the C terminus

of SP1 and separates an N-terminal MA-CA-SP1 intermediate from a C-



not contribute to the structure of the mature viral

particle (Wigers et al. and Pettit, et al., supra).
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termnus of SP1 and separates an N-term nal. MA- CA- SP1

intermediate froma C WO 2094/ 069166 PCT/ US2004/ 002393

-4 term nal NC SP2-p6 internedi ate. Subsequent

cl eavages separating MA from CA-SP 1 and NC SP2 from

p6 occur at an approximately 10-fol d-1ower rate.
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1001 3 andrdoudifSBEGlihiela¥id and platanic acid were isolated from
Syzigium claviflorum and were determined to have anti-HIV activity.
Betulinic acid and platanic acid exhibited inhibitory activity against HIV-1
replication in H9 lymphocyte cells with ECsp values of 1.4 pM and 6.5 pM,
respectively, and therapeutic index (T.I) values of 9.3 and 14, respectively.
Hydrogenation of betulinic acid yielded dihydrobetulinic acid, which showed
slightly more potent anti- HIV activity with an ECsp value of 0.9 and a T.L
value of 14 (Fujioka, T., et al, J Nat. Prod. 57:243-247 (1994)).
Esterification of betulinic acid with certain substituted acyl groups, such as
3'.3'-dimethylglutaryl and 3',3'-dimethylsuccinyl groups produced derivatives
having enhanced activity (Kashiwada, Y., et al., J. Med. Chem. 39:1016-1017
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R = H (Betulinic acid)
that are described as having a cytoprotecting effect for HIV-infected cells.
[0014] Japanese Patent Application No. JP 01 143,832 discloses that betulin
and 3,28-diesters thereof are useful in the anti-cancer field.
[0015] U.S. Patent No. 6,172,110 discloses betulinic acid and dihydrobetulin

derivatives which have the following formulae or pharmaceutically acceptable

salts thereof,



yR3 HOR2 R [0016] wherein RL is a C2-C20
substituted or unsubstituted carboxyacyl, R2 is a
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R3 i s hydrogen, hal ogen, amino, optionally
substituted nono- or di-al kylamno, or --OR4, where R4

. is hydrogen, Cl1 4 al kanoyl, benzoyl, or C2-C20
substituted or unsubstituted carboxyacyl; wherein the
dashed line represents _an optional_ double bond
bet ween C20 adgetuli@ and gBhydrobetylinRedyativeppl i cat i on
No. 60/413, 451 di scl oses 3,3-dinet§y|succinyl betulin
and is herein incorporated by reference. Zhu, Y-M et
al., Bioorg. Chem Lett. 11:E%QET;118 (2001);
Kashiwada Y. et al., J. Nat.”Prod. 61:1090- 1095
(1998); Kashiwada Y. et al., J,.
63:1619- 1622 (2000); and Kashy
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offers a conpletely new approach for treatin

HIGHem DSt 11:3115-3118 (2001); Kashiwada Y. et al., J. Nat. Prod. 61:1090-

1095 (1998); Kashiwada Y. et al, J. Nat. Prod. 63:1619-1622 (2000); and
Kashiwada Y. et al., Chem. Pharm. Bull. 48:1387-1390 (2000) disclose

dimethylsuccinyl betulinic acid and dimethylsuccinyl oleanolic acid.
Esterification of the 3' carbon of betulin with succinic acid produced a
compound capable of inhibiting HIV-1 activity (Pokrovskii, A.G. et al., Gos.
Nauchnyi Tsentr Virusol. Biotekhnol. "Vector," 9:485-491 (2001)).

[0018] Published International Application No. WO 02/26761 discloses the
use of betulin and analogs thereof for treating fungal infections.

[0019] There exists a need for new HIV inhibition methods that are effective
against drug resistant strains of the virus. The strategy of this invention is to
provide therapeutic methods and compounds that inhibit the virus in different

ways from approved therapies.
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conmpounds that target proteolytic processing of the

H V-1 Gag protein. In one epbodi nent, such conpounds

inhibit the interaction of a protease enzyne wth

H V-1 Gag protein. In another enbodi nent, such

inhibition of interaction occurs via the binding of a
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directed to BREHIIMMARYhOBI THRINVENTIONocessi ng of
the viral Gag p25 protein (CA-SP1) to p24 (CA), but
having no effect on other Gag processing steps.
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compounds that inhibit processing of the viral Gag p25 protein (CA-SP1) to

p24 (CA), but have no effect on other Gag processing steps.

[0024] A third aspect of the invention is drawn to a compound or
pharmaceutical composition identified by the method for identifying
compounds that inhibit HIV-1 replication disclosed herein.

[0025] A fourth aspect of the present invention is directed to a polynucleotide
comprising a sequence which encodes an amino acid sequence containing a
mutation in the Gag p25 protein, said mutation resulting in a decrease in the
inhibition of processing of p25 to p24 by 3-0-(3',3'-dimethylsuccinyl)

betulinic acid. This aspect of the invention is also directed to a vector, virus



in a decrease in the inhibition of processing of p25
to p24 by 3-0-(3',3 - dinethylsuccinyl) betulinic
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ofcgqﬁing said anti body, a hybridoma producing said
a ?l%ody and a nmet hod of naking said hybridoma. [0028]
[0026A sevent tiftﬁsdsﬁedtldﬁ thé l@ﬁesieﬂt\dlﬁwbmﬁxlm issdigdéat®l teedn tamino lacid
conprising a . polynucleotjde, polypeptide or antibogd)
dFeERESCPIERIBE A Myteitro thEag Ry ATAtER, Sl DRigEoR é?sa%g
h ot i AR e : . | of
b 3 RERRER the Mliihbh 0 et BiCRA 8 p2 173 02573
t Bahethylowdctnyliestulimid avidt i on of virus particles
rel eased fromtreated infected.cells. In one . .
[0027krhodi Aestth reect i SRR R is dhesied d8 A ndhqdy which
n ?&é&%ﬁpﬂﬁ@gaﬂ:ﬁﬁﬁﬁ a8fieBuendl bhiBmtd o/ mutitibn in the Gag p25
el ectron-dense | ayer near the viral nenbrane and have
r prhiciegsaid mugtionvesujtingAnraeddeomdsé i tha ahibigidn of processing of

coptacti.n [ Lcell ith omound . .th bot.h. ..
o B el ol A e ol S R i, Be ileg in
that fpsdtust hd NBventiBh Uirdt b OReBbd Vof usakiia shidl estibody, a
Al'so, included is a nethod of treating H V- infected
c bybrdonphprodireing krid pntibadyfaagd i mefhedpEmeling said bybridegpa.
espond, to other HI V..t herapies: This, i N
j0028] £ Pharh Rl Blpegt e Ao H PRI PRI i P SR e
t gglynhﬂabﬁilid, pOlpERERIoNgniiodyiiscldsedheféty p25 protein
-SP1) to p24 %C‘A) , but have no sjgnificant effect
[0029 ot hdhedaypnirn dethsr ejates ks methnd ofdiibHng ALY~ éafection
C 1 HE V-1 . al i
5O Pt AL SRIEE s Vit Brlsicomandae
g@ﬂlﬁﬂt&ﬁdn tof diedseparticles mpleasen fienofirep@8. infdetddodsllst dn one
etect. p25 include western hlotti, of viral protein
AR 1§ TEbReg B BT BO DS Hppsongsed o8ieS aid o
el b e 'fﬁ?l/‘gélﬁétaona&- Whsé THE MG Ble WBH aRIHER] dnd HadbRlagekd
protelns. thods to detect p25 also iInclude
| imfieciddtys af snaibodiy includadt oflvodiactiy 200w 08B 16Ih a compound

PO USR00400239% s ot Sy PhaiBd sk gsl ok BRUiS O

maturation of virus particles. Also, included is a method of treating HIV-

infected cells, wherein the HIV infecting said cells does not respond to other
HIV therapies.

[0030] This invention further includes a method for identifying compounds
that inhibit processing of the viral Gag p25 protein (CA-SP1) to p24 (CA), but
have no significant effect on other Gag processing steps. The method involves
contacting HIV-1 infected cells with a test compound, and thereafter analyzing
virus particles that are released to detect the presence of p25. Methods to
detect p25 include western blotting of viral proteins and detecting using an
antibody to p25, gel electrophoresis, and imaging of metabolically labeled

proteins. Methods to detect p25 also include immunoassays using an antibody



can be perfornmed where p25 in detergent-solubilized
virus is captured using an antibody specific for SP1

wohedid/06s16bound to the plastic mcrowell plate. PCT/US2004/002393

Fol | owi ng a washi ng step, bound p25 is detected using
an anti body to p24 that isgconjugated to an
appropriate detection reagent (e.g. alkaline
phosphat ase for an enzyne-linked ini rrunosor bent
assa . Virus released by cells treated WI

mgPt hadisHeguish 823 ﬁruogl B¥EhERT SYANRIE 2 H&Qf@well assay

I ncr eV

B GRS RSB AR S 0 Bt i
ek hadbddr spedeid fdrySPY thalolmimmndstol the qilystlngrnﬁmmwai: tpilatg
H V-1 infected cells with a npound, and % reafte
ahallgwingg washing siem bpendr2y 1@@%@6 %Wgt%n@ ?@é@tt&ﬁ‘ that

cal R ugg%gﬁa af 3@@@%@9 ;&{égu&pg g&ﬂr@é aﬁﬁalﬁ{e_p@,]b FQ8 for

mcro |r|o particles are
dei eaty@oe-lihkdd mmmmemﬁemaia}{) oiasisaeldasad diystelln trbatod with

thin el ect ron- dense. | ay near .the vi.ral

[ 69r3pgunes dhtngedntip JRiS w5y will davg 1P€e%%"ﬁdr%&%a§f p25

| Q&B'ﬁ_éé&%ﬂth%tﬂe%dvﬁ{&%enem' oned screeni ng net hods.
DESCRI PTI ON OF THE DRAW NGS/ FI GURES [ 0033]

[0031Fi gur e The B@Bntmeasn(ﬁlrﬂf@rsdlmgﬁed He acmieflq fo dentifying
prot ease a

D ety Thyng naRang Hign firecte &l with Whomnound, and

C et )énal!yﬂng Qi Asulkticled £HlwaYd |bg the @lsﬁta@te@tcens; ey thin-
activity at /L "as evidenced by the absence of

b aentioningr ass Ef@hfm’llﬁgoli clgstpnamieressepfperdaideptibing dbopirion

GO E R VT e R L SBAER L R
HAb e la RBYr thedirkith&hdame.251 in the pr esence of DSB

a)l pg/ L), indinavir (1d‘§) g/ mL) or control 0 . Geﬁy
[0032br ot ei AdewErEntons jal #lseddifrstedy te SRopRpUnds \Ldil}tl by t

rum (H V-2 and SIV; NIH Al DS
g‘ég&gg@ﬁg aﬁgg'kg%% éﬁ%egh ga;ent( Program) . [0035]

Figure 3. EM analysis of DSB-treated H V-1 infected

bot veen BT ARG IRGN QY Tatt DRGS0 HGERGEE
PCT/ US2004/ 002393 -10
[0033] Figure 1. DSB does not disrupt the activity of HIV-1 protease at a

concentration of 50 png/mL. In DSB-containing samples recombinant Gag is
processed correctly. In contrast, indinavir blocks protease activity at 5 pg/mL
as evidenced by the absence of bands corresponding to p24 and the MA-CA
Precursor.

[0034)] Figure 2. Western blots of virion-associated Gag derived from
chronically infected HY/HIV-1yp, HY/HIV-2gop, and HY9/SIVpees1 in the
presence of DSB (1 pg/mL), indinavir (1 pg/mL) or control (DMSO). Gag
proteins were visualized using HIV-Ig (HIV-1) or monkey anti-SIVmac2s1
serum (HIV-2 and SIV; NIH AIDS Research and Reference Reagent
Program).

[0035] Figure 3. EM analysis of DSB-treated HIV-1 infected cells. _The EM
data show two primary differences between DSB-treated and untreated



sanples. Virions generated in the presence of DSB are
characterized by an absence of conical, mature cores.

woOnodhveses sanpl es the cores are unifornmy sphectaakoos/002393

and often acentric. Secondly, many virions display an
el ectron dense |layer insidg the |ipid bilayer but
outside the core (indicated Wwith arrows in the
DSB-treat ed sanple panels). In the DSB- treated sanples
no mature viral particles were observed.

Fhagoples. 4V@@<mngegle@teairﬂnn@e @é@san@eeaﬁas&e@remha&aﬁ@ﬂ?@b by R0

Ol 8 i, GRG0 b b R TSIk ve ubleny

D§¥hrekiesli 4t dfifen kbedtdc. S@oﬁﬂl@ﬁm@#ﬁmrﬁﬁ@disﬁlabd% eBectron dense

NL4- 3), and The dj ff
bk ki ks i layer Rt BB BSElqcetE? gwgr{tndl@&%u\@i% ggows 1 the

I I
(DXL R0 i, 18 LReDSARRIB bt b vin
C barigkzs iwerd bigsetvieidr d domnstrean1re3|due (#3) from the

CA- SP1_cl eavage, site These resiédues a

I -).
[0036],nger | FHae AEPisE aa@gqoo?&d SSRSGHS I JB 9T g CA-SP1
[ QR3Y a%ge eFeid lﬁcﬁn PIER SR IS -t 1&%%@@@1{&5&? é#@os%qp

for t A364V DSB- resistant NL4-3 nut ant
ANMrelgiand DSE-wistskant HEV'slt implates {(#2; 8 QHY NQ:@c(ﬂ\Hg’r -3), and #3;

o SIEHE SBotnd nig Bfferefied om0 mFsnah BB TR
' @e(idéﬁcéé" iheblby BE aMhﬂrer %lﬂmn MQ@@ FirsieftveRe Cara residit

bol d and gray shadow ng. The co sequence for the

c é#@@mé @8 ABAITBHY veh@%m@@ge i} the ﬂmgd feppaegsidog@3) from,
ad I
SBRES SRR 1, I SONE BB G BollE o
mMgh&d dfQdentiflagigecond am no acid difference (in
0037as. bodnbenarpisbaeg e SapeRs BmSCREAH G BT
t
Irrg?m%t‘{ﬁgr%gﬂ Aégltlﬁ afltq:é(?’%ur r eg E%be }rﬁg? gé@glet 003 rt Of the gag
Fihcgﬂigg Bs@qxdzelpe eihd céﬂtﬁﬂnggmtmpolpmn?ﬂn@ﬂhe sanmqngeaéecxrodmg
t he -sensitive ar ent | at e
S)Cg At Mlé§el1§%§%‘§§%‘&’5 l?Pt %@8@%@35 FFIER’%K
%g?édqu se e %@1M6%M%ha&&%h§t qhe[c@@fﬁ%]seﬁhéﬂéé Qor

epi cts ‘the + sense conSensus sequence for the A366V
D$Be comsissis &SPl ViehRygersitedntndesi®d [Thy@hadyd dreyinehiding

o S0l BF oS SRR e Mg
mutation; the second amino acid difference (in protease) was also found in the
parental clone and has been confirmed to correspond to a sequencing error in
the original GENBANK entry. Therefore, no mutations actually occurred in
protease.

[0038] Figure 6 depicts the + sense consensus sequence for the DSB-sensitive
NL4-3 parental isolate (SEQ ID NO: 5) that was passaged in the absence of
drug in parallel with the A364V mutant isolate.

[0039] Figure 7 depicts the + sense consensus sequence for the A366V DSB-
resistant HIV-1gr mutant (SEQ ID NO: 6) beginning with the start of the Gag
coding sequence and continuing through all of the coding sequence for Pro

and part of RT. Missense mutations not found in the wild-type HIV-1gr



and part of RT. Mssense nutations not found in the

wild-type H V-11 WD 2004/ 069166 PCT/ US2004/ 002393 -11
WeEMBARKI6bML7451 sequence are shadowed in gray. PTiAIS2004/002393

CA-SP1 cl eavage site is underlined. The only m ssense

mut ati on not also found in 1t1he i dentically passaged

DSB-sensitive isolate is the A366V nutation in the CA-

SP 1 cleavage site. [0040] Figure 8 depicts the +

sense consensus sequence for the DSB-sensitive

p@ﬁéﬁﬂbféNK MaF 4 lesqusemel e Rimdoped ip gY- whie pas3Bh élﬁaY%e
apsenc
T R

S ﬁﬁﬁﬁ&ﬁ@lspas%@i DSE“@nsﬁn@ﬁﬁolatSE@tﬂeD&MV ﬁmt:Wthlh the CA-
encode the pol ypeptides designated herein as SEQ I D
NEP1 glegviEeSHE | D NO -3, respectively. SEQ ID NO 10
epi ct
10040827 o e SiEeBEp SOHEITAL t SR IERE B TGP D) Sensitive
SEVHRe I}ﬁenﬂal 15{0%:4@3E(EH]Q1N@ 0 ticke piag passbeel iartherabsandedof
seq uencefromSIV 39 |nthe reglon of the CA-SP1
cﬁ@Wﬁ@’éraélFlc with ﬂ)e ¥15-" DETAILED
SCR Qiepl&HE th LERLEROERedRS, BEOSANN

0 t O: 8 and
(0041 nv entﬁg%gyg J?}ectég¥t§%nethodsé§#elnhlblgfn HIV-1£m
r §EQ BaN@r,iwhithenaeleltbe pblypeptaies dasigndted h¢rnm<ﬂ8v%EQ ID

VNG 2T B85 TPONER o5 bl BUL TR NCPPA] et e
( @fleotidd1edeqRdhcE esﬂ‘i’dtt icBgoded e }%eﬁ*éﬂ’fﬂt | glyf¥ptide  sequence

non-infectious viral {i@;tl cles. 10044] Mutant viruses
- debgigndtekhdrainGASERIIIE N&ilage have been shown to be

000 2B SREL B o s S i g o

befriid @Acsmwl@hvé@'sﬁae (Hs ErEMAN: ¢ 1pf a Corrpound t hat
di srupts p25 to p24 processing and potently inhibits

H V-1 replication. This conmpound's activity is

speci fic f gpTtATe EPPOESCRIZHION OFEBEE MM VENIONIOt ot her
steps in Gag processing. Furthernore, DSB treatnent
results in the aberrant HV particle norphol ogy as

[0043ﬁ850“ bed bRdsdt GbéntRn [soeﬂédted\/u& ansthb@y o8 ifhibidny- HIV-1
ave been generated in which the SP1 sequence is
m:relpliqatadn iratke glly hEarargmahihatinvele sisimsgtcomporadfibaidisrupt

t htﬁe processn% of the viral Gag p25 protein (CA-SP1) to the p24 protein (CA),

thereby resulting in the formation of non-infectious viral particles.

[0044] Mutant viruses defective in CA-SP1 cleavage have been shown to be

non-infectious (Wiegers K. et al., J. Virol. 72:2846-2854 (1998)). 3-0-(3'.3'-
dimethylsuccinyl) betulinic acid (DSB) is an example of a compound that
disrupts p25 to p24 processing and potently inhibits HIV-1 replication. This
compound’s activity is specific for the p25 to p24 processing step, not other
steps in Gag processing. Furthermore, DSB treatment results in the aberrant

HIV particle morphology as described in Figure 3.

[0045] Mutant forms of HIV-1 have been generated in which the SP1

sequence is modified making these strains resistant to compounds that disrupt
CA-SP1 processing. Data on these mutant viruses have been used to identify

the amino acid residues in native Gag that are implicated in the antiviral



CA- SP1 processing. Data on these mutant viruses have

been used to identify the amno acid residues in
waabiedteag that are inplicated in the antivir2CTN¥2004/002393

2004/ 069166 PCT/ US2004/ 002393 -12 activity of these

conmpounds. I n one enbodi ”E-'HLZ’— conmpounds that disrupt

CA- SP1 processing inhibit the interaction of H V-1

protease with the region of the Gag protein

containing these am no acid residues. In another

entstiilynefnthese oorppeinds. t Ragned Pabodimenin- compoypeét Ehas idifgupt

L3k 0, B0 3 195, AR e e

db5 rtHPt GEA-pehikiP IcofREShN Ghbdendmiit a0l hesiduesgi dn edother
Gag and thereby inhibit the interaction %g%d;ll V-1 .
pe@bedimentjcopporads gt disTupt GArdPdpregepsing|bing, Inythegiegion
In . e i , ; se c . h
RS ORIl e MUAS P Richacentl aaoh: Bogithns
c lied \dageptsC AeSRiaprobessiigebinid o motheemegign @f aagsandthereby

identify conpounds that disrupt CA-SP1 processin

| G e IBAETY of I Nrd R I SHN e gPH a0l dhG CA-SP1
i d.n {h i ST ' of:-CA: i
S KGRy B8 g
weotaindentatibheth the seiguarfcha ¢ A-HB1 Glepvied sitrepan bé used in

virus .i sol ates .t hat. had been | ect resi stance
! streeng S sihing ik Favcte el S S nRL ke e
[0046?” I USEAMBHAcRORBRLEGNWITVL 11 he: BagaRadhvaeaRirshe Wehestton
rom DSB-sensitive H V-1 isolates. Two single am

aof CAREgrocosing lyle@{(F Pedimathyiniscingh. beteatie pgi (DSB)
i ) | i ) t | i \ ) i i
¥ e b B S YRl ed g ek B LY deofBlehd: ik bt

| $0lket8 foradksiktesdetd ST 6 ThShQidoRcN¥eqhgncek frotrhtheseGasgistant

pol yprotein (see Fii%gre 4). These residues are_ | ocated
| vireskisavere eompetedsitle tie Gie-Palksana sepuencey BapddeBsppsative

Vel Vel Tl atimoldcia Sl Srere Mefify ¥ the DSB-
Clradgsnti AirdsBe ahadanidd 4ARS toNahlion @Val) sltstiationyat residue 364
dat abase. The fjve anm no acid resid t nd
dGSROTEENAY B ance Asroael solaleeat/aaisT Qe LA NG 61 i the
h'@% éo&ﬁf&%&ﬁv('gge %@1}9 42t hgpar | QRS a8 8ScatddoBYBdiately
i sol%etci aces” | eu

erep ine"at the position one .
r ebivaisiecanp sf thedPA P 1t deavegesitea@e thei N-¢erimnes ofifder Addnine

compamyt Gorsaived ot pusiiSh Tafonehi LV R ES:

Nat i, RRaINkBRA Tab8faYory datbaeams, fividMimino acid residues upstream
and downstream of the CA-SP1 cleavage site are also highly conserved among
the various clades. However, isoleucine replaces leucine at the position one
residue upstream of the cleavage site in a number of clades (c.f., Figure 4,
SEQ ID NO. 1). ("HIV Sequence Compendium 2002," Kuiken et al. eds. Los
Alamos National Laboratory, Los Alamos, NM.)
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HOOC O H [0047] Structure of

WG@-2004(089168"' - di et hyl succinyl) betulinic acid (PSBUS2004/002393
[0048] The invention also includes a nmethod of
inhibiting H V-1 repllcath in cells of an ani mal
conpri sing contacting infect ed cells with a conpound
that inhibits the interaction of H'V protease with
CA-SP1 which results in the inhibition of the
processing of the viral Gag p25 protein (CA-SPl) to
p24 (CA), but has no signifi cante%[;fect on ot her Gag
processi ng steps. [0049] The inv s al so drawn
to a method of inhibiting H V-1 |on in cells
of an ani mal conprising contac s l's mnth
a conpound that i t al

p25 protein 4 ATAL-tef eby cau5| ng the

viral particl - £0 be non-
i nf ect i blU3OGut - (cant effect on other Gag
processi ng steps and/or h@ein said inhibition does
not significantly reduce/the quantity of virus

[0047f el eased fromtreated cells and/or has no significant
effect ap, e o?%% 3oﬁlm%dc@ﬁ'8/ﬁ pd%ﬁﬁfﬂl@&l& pbgB} he

rel eased Vvirions on I's also drawn to a
met hod of inhibiting H V-1 repllcat|on in cells of an

e OB 0 COULREL L USSR B2 Moo
p% fid G a%?'arﬁﬁﬂaﬁ é&ﬁgm&ﬁ? B@)ﬂté&ﬁfgﬁﬁfe’cféﬁ%ﬂ@ %theal. t&mpdundangt

odi nent ese eased viral particles exhibit
pxﬂabltscﬁde ingdragtonook Hé%g&otﬁasﬁewﬂh A-ShiHe whishntosylgs 111 the
h respect to the vir cIe her
PR e he SPodaeny ot the RTRE FRL GBS RIRRICAREY ! BGps
D%CII\I) QJu@ ﬁasaﬁtds@ﬁﬁ%@r&%fi%t&%&Hér@iga@ﬁdessmgetypﬁ on- dens e
| ayefr’s | ying just inside the viral nenbrane and hay
[0049] educedher 1HV©Ht1¢Ihf1éC{11§Q/| drpwnstared ynothed ir (ptebigag n]ﬂ/V 1

alreszp icfs CI')]III tl)rll tcelfls M G ma‘f% Elpﬁ&%g' %toﬂ{agtmg infected cells with a

compound that inhibits processing of the viral Gag p25 protein (CA-SP1) to

p24 (CA), thereby causing the viral particles that are released to be non-
infectious, but has no significant effect on other Gag processing steps and/or
wherein said inhibition does not significantly reduce the quantity of virus
released from treated cells and/or has no significant effect on the amount of
RNA incorporation into the released virions. The invention is also drawn to a
method of inhibiting HIV-1 replication in cells of an animal comprising
contacting infected cells with a compound that inhibits the maturation of virus
particles released from treated infected cells. In one embodiment, these
released viral particles exhibit spherical, electron-dense cores that are acentric
with respect to the viral particles, rather than the comical core structures
associated with mature viral particles and possess crescent-shaped, electron-
dense layers lying just inside the viral membrane and have reduced or no

infectivity. Some viral particles may also exhibit a conical core structure



WD 2004/ 069166 PCT/ US2004/ 002393 -14 along with a
preponderance of the viral particles that exhibit the
walv@roegiccore structure described above. [ 0050{T/US2004/002393
Abnormal p25 to p24 processing is also seen in other
maturation budding defectg,(WId, CT. et al., XIV
Int. AIDS Conf., Barcel ona, Spal n, Abstract MPeA3030
(July 2002)). These defects incl uded nmutations in the )
Gag | ate domai n (PTAP) or defects in TSG. 101 nedi
alp@g watbsaew@pyndeﬁmce of ity visl nstfardesniat exdybit ghe %iteeade‘fom
65 (2001) and Demrov, DG et al.
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di scl osed herein includes a conpound _whi ch binds near

tmlmﬂoas uhne infetfareo twithe |véral S Ao fimerdzafipp o pndsdgady g the

Rt S e Tl Sttt ROl A Sk G
Spfcﬁéessﬁr%oﬁﬂdno@% (Uit id. an alnol Wdefogany3 61416851, (1999)).

di scl osed net hods, wherein the HV Jnf cti ng Sagglg
c Elomeverp s those crses RO IRePTRATAESN I iphiored api 4 mogdsiney

Taﬁgmleéspéledsgagmtﬂﬁt fr%lﬁ%s%%n@w pelndw gLagichele

risi sequence encodeS an am no acid
[00513 equenThe anethad oF ghibitiny taat HOA-1i replidation th\teﬂhg»f @A S:nimal
protein gCA SPl} said nuta

dérloged hetgin pehiden ji GHROYR 6"?1’?1‘3‘{ ge@ﬁt oA i ﬁtz%w site of
( Heaviz né?) of QP AAraf Q’% egl\QS DSBiteid h(@A—BP'l)/ RYCHRO(CAS, Q{ereby

the i ention inclu a nutati on whi 'S optlona Yy
| adabitidg teanterdvtioTAf ETPY p¢¢tees¢azg&1 @mCeMSPl ch@aamﬂﬁn
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[0052§)r esent!f g%?%‘%g]i’n”?'? " éiaﬂy Qg%e(ﬁ%cgu Stgﬁgfe % s‘@P%rg%net ¢ HIV

f 9 ting said cells does not respond to other HIV therapies.

[0053] The present invention comprises a polynucleotide comprising a
sequence which encodes an amino acid sequence containing a mutation in the
HIV Gag p25 protein (CA-SP1), said mutation resulting in a decrsase in the
inhibition of processing of p25 (CA-SP1) to p24 (CA) by DSB. The
polynucleotide of the invention includes a mutation which is optionally
located near the CA-SP1 cleavage site or located in the SP1 region of CA-SP1.
Said mutation can be present in an amino acid sequence that is selected from
the group consisting of KARVLVEAMS (SEQ ID NO: 2) or KARVIAEVMS
(SEQ ID NO: 3). The polynucleotide of this invention is also drawn to
sequences designated as SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8 or



the group consisting of KARVLVEAMS (SEQ I D NO 2) or

KARVI AEVMS (SEQ ID NO 3). The polynucl eotide of this
wonvamkdien i s al so drawn to sequences desi gnaPew/Ua3004/002393

SEQID NO 4, SEQID NGO 6, SEQID NO 8 or WO

2004/ 069166 PCT/ US2004/ 002\:’;1 - 15 SEQID NGO 9. The

i nvention also includes a vector conprising said

pol ynucl eoti de, a host cell conprising said vector and

a method of producing said polypeptides conprising .
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the purposes of the present invention. Further examples of isolated DNA
molecules include recombinant DNA molecules maintained in heterologous
host cells or purified (partially or substantially) DNA molecules in solution.
Isolated RNA molecules include in vivo or in vitro RNA transcripts of the
DNA molecules of the present invention. Isolated nucleic acid molecules
according to the present invention further include such molecules produced
synthetically.

[0056] "Polynucleotide" generally refers to any polyribonucleotide or
polydeoxribonucleotide, which may be unmodified RNA or DNA or modified
RNA or DNA. "Polynucleotides" include, without limitation single- and
double-stranded DNA, DNA that is a mixture of single- and double-stranded



according to the present invention further include
such nol ecul es produced synthetically. [0056]
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processing, or by chemical modification techniques which are well known m
the art. Such modifications are well described in basic texts and in more
detailed monographs, as well as in a voluminous research literature.
Modifications can occur anywhere in a polypeptide, including the peptide
backbone, the amino acid side-chains and the amino or carboxyl termini. It
will be appreciated that the same type of modification may be present in the
same or varying degrees at several sites in a given polypeptide. Also, a given
polypeptide may contain many types of modifications. Polypeptides may be
branched as a result of ubiquitination, and they may be cyclic, with or without

branching. Cyclic, branched and branched cyclic polypeptides may result

from posttranslation natural processes or may be made by synthetic methods.
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[0058phos ph8Mpitant'| anthe peranigiuged bereins icepelyaudlentide or polypeptide

sel enoyl ati on, ul f ation r fer- dj
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the termis used herein, is_ a polynucleotide or )
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pol ynuel eot | or [ respect.i timsi :
P Bk pr R KRR 8y JEPRSH ol Sy (Ramying acid
P@byiRued eott | depalyfdptids étodedicheothied ecfornoe npayhudentide.
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T O R S N S Ry
r @squlencé, rasadisavssedchadowu b ttipicali mnient afidipolypeptide differs in

NI e R
bek; B¥fenddstyPlifdded By iR thOfeqeiRb WP @R deteerbelfofeplide and
the variant are closely similar overall and, in many regions, identical. A
mutant and reference polypeptide may differ in amino acid sequence by one or
more substitutions, additions, deletions in any combination. A substituted or
inserted amino acid residue may or may not be one encoded by the genetic
code. A mutant of a polynucleotide or polypeptide may be a naturally
occurring such as an allelic variant, or it may be a mutant that is not known to
occur naturally. Non-naturally occurring mutants of polynucleotides and
polypeptides may be made by mutagenesis techniques or by direct synthesis.
[0059] Thus, the mutant, (or fragments, derivatives or analogs) of a
polypeptide encoded by any one of the polynucleotides described herein may
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ChREgR. ARLARAfIndST pRE8ink M6t s1§ desults in a loss of activity but can

also be problematic when preparing pharmaceutical formulations, because

they can be immunogenic. (Pinckard et al, Clin Exp. Immunol. 2:331-340
(1967); Robbins et al., Diabetes 36:838-845 (1987); Cleland er al. Crit. Rev.
Therapeutic Drug Carrier Systems 10:307-377 (1993)). Thus, the
polypeptides of the present invention may include one or more amino acid
substitutions, deletions or additions, either from natural mutations or human
manipulation.

[0061] As indicated, changes are preferably of a minor nature, such as
conservative amino acid substitutions that do not significantly affect the

folding or activity of the protein (see Table 1).



Additionally, one or nore of the am no acid residues
of the pol ypeptides of the invention (e.g., arginine
wana4dogsicne resi dues) may be del eted or substi PATAS2004/002393
with anot her residue to elimnate undesired processing
by proteases such as, for ,gxanple, furins or kexins.
The prevention of aggregation is highly desirable.
Aggregation of proteins not only results in a |oss of
activity but can also be problematic when preparing
phar maceuti cal fornul ations, because they can be
i mmunogenic. (Pinckard et al., din Exp. |nmmunol.
2T ABLE34 Conbck986k)e; AlRDlvbAcid SebstahitignsDi abet es 36: 838- 845
(1987); Celand et al. Crit. Rev. Therapeutic Drug
Carrier Sydtenms 10:307-377[(1993)). Thus, the
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or nore am|no acid substit ultlJP,I% handel etions| or
addi ti ons, [either fron1natunﬁ yggations or thuman
mani pul ati gn. [0061] As i ndi Cated changes dare

preferably jof a m nor naturle, such as conservative
ami no aci d |UBEeRPRARS ons t HAteU8BCnot signififcant |y
affect the | folding or activ$Q@m%ﬂethe protein (see
Table 1). ;/FD 2004/ 069166 PCTYalB2004/ 002393 19 TABLE
1. Conservdtive Am no Acid [Substitutions Arjomatic
Phenyl al ani|mlarTr ypt ophan [[guesnine Hydr ophopi c
Leuci ne Isjol euci ne Val i nel Rglagdgitd ut am ne
Asparagi ne | Basic Arginine Lysine Histidinel Acidic
Aspartic Acjiglfd utam c Aci d Arginine
Lysine
Histidine
Acidic Aspartic Acid
Glutamic Acid
Small Alanine
Serine
Threonine
Methionine
Glycine
[0062] The polynucleotides encompassed by this invention may have 45%,

50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, or 95% identity with a
reference sequence, providing the reference polynucleotide encodes an amino
acid sequence containing a mutation in the CA-SP1 protein, said mutation
which results in the decrease in the inhibition of processing of p25 to p24 by a
3-0-(3',3'-dimethylsuccinyl) betulinic acid.  The polynucleotides also
encompassed by this invention include those mutations which are "silent," in
which different codons encode the same amino acid (wobble).

[0063] "Identity" is a measure of the identity of nucleotide sequences or
amino acid sequences. The term "identity" is used interchangeably with the

word "homology" herein. In general, the sequences are aligned so that the
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5% of the nucleotides in the reference sequence may be deleted or substituted

with another nucleotide, or a number of nucleotides up to 5% of the total
nucleotides in the reference sequence may be inserted into the reference
sequence. These mutations of the reference sequence may occur at the 5' or 3'
terminal positions of the reference nucleotide sequence or anywhere between
those terminal positions, interspersed either individually among nucleotides in
the reference sequence or in one or more contiguous groups within the
reference sequence.

[0065] Similarly, by a polypeptide having an amino acid sequence having at
least, for example, 95% "identity" to a reference amino acid sequence, is
intended that the amino acid sequence of the polypeptide is identical to the
reference sequence except that the polypeptide sequence may include up to
five amino acid alterations per each 100 amino acids of the reference amino

acid. To obtain a polypeptide having an amino acid sequence at least 95%
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RSB Yo LIRS R BEoHIE oL g, s

S QlUARERSrofraie determine whether a particular sequence is, for instance,
95% identical to a reference sequence according to the present invention, the
parameters are set, such that the percentage of identity is calculated over the
full length of the reference nucleotide sequence and that gaps in homology of
up to 5% of the total number of nucleotides in the reference sequence are
allowed.

[0067] In a specific embodiment, the identity between a sequence of the
present invention and a subject sequence, also referred to as a global sequence
alignment, is determined using the FASTDB computer program based on the
algorithm of Brutlag et al. (Comp. App. Biosci. 6:237-245 (1990)). Preferred
parameters used in a FASTDB alignment of DNA sequences to calculate
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i nheqnal setpleatd, anscalenlatad Lﬁed the q»urm)ses @hnamlaﬂﬂuca@lmsbng He
results to.take into con g; i on.t.he fact thaﬁ (F
FRSHoRt P}g_}&y SPRI8oESr Wp 0 base subject sequence 1s alignedo a

100 base query sequence to determine percent identity. The deletions occur at

the 5' end of the subject sequence and therefore, the FASTDB alignment does
not show a matched/alignment of the first 10 bases at 5' end. The 10 unpaired
bases represent 10% of the sequence (number of bases at the 5' and 3' ends not
matched/total number of bases in the query sequence) so 10% is subtracted
from the percent identity score calculated by the FASTDB program. If the
remaining 90 bases were perfectly matched the final percent identity would be
90%. In another example, a 90 base subject sequence is compared with a 100
base query sequence. This time the deletions are internal deletions so that
there are no bases on the 5' or 3' of the subject sequence, which are not

matched/aligned with the query. In this case the percent identity calculated by



account for 5 and 3" truncations of the subject

sequence when calculating percent identity. For
weuhjmeticeequences truncated at the 5 or 3' eRd$/US2004/002393

relative to the query sequence, the percent identity

Is corrected by cal cul atingy,the nunber of bases of

the query sequence that aré™5 and 3' of the subject

sequence, which are not matched/aligned, as a per cent

of the total bases of the query sequenhce,
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t he above FASTDB program using the specified
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c dhates thedsubfact pf DaS eRat H\Tosarﬁkﬁ% 19éfant:1|'fb6@l,ﬁq2et@tMulhs et al.,
SIS ELCR e DSl RSl B S LD LIS
gg%{ée%l@l%(n)tr’tﬁer@r end¥Rdee f empldyed pld:bﬁﬂﬁlﬁﬁnﬂf théliedular biology,
microbiology, and recombinant DNA. techniques within the skill of the art.
Such techniques are explained fully in the literature. See, for example,
Sambrook, J. and Russell, D.W. (2001) Molecular Cloning: A Laboratory
Manual,3rd Ed., Cold Spring Harbor Laboratory Press, Cold Spring Harbor,
NY.
[0070] The term "stringent conditions," as used herein refers to homology in
hybridization, is based upon combined conditions of salt, temperature, organic
solvents, and other parameters typically controlled in hybridization reactions,

and well known in the art (Sambrook, et al. supra). The invention includes an

isolated nucleic acid molecule comprising, a polynucleotide which hybridizes



[0068] The present application is directed to nucleic

acid nolecules at least 80% 85% 90% 92% 95% 96%
WO2044/0880%6 or 99% i dentical to the nucleic aci 8CT/US2004/002393

sequence di scl osed herein, or fragnents thereof,
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h%g d&?%?lcéeﬁgggeuﬁ%ased upon conbi ned conditions of
[00725al t, USiEpHicahily,t witkgani otheswise atefined dreckimt ineans +/- that

paraneters typically controlled in hybridiz
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polynucleotides, and wherein the retrovirus may be a member of the group
consisting of HIV-1, HIV-2, HTLV-I, HTLV-II, SIV, avian leukosis virus
(ALV), endogenous avian retrovirus (EAV), mouse mammary tumor virus
(MMTYV), feline immunodeficiency virus (FIV), or feline leukemia virus
(FeLV).

[0074] The invention further includes a polypeptide containing a mutation in
the CA-SP1 protein, said mutation which results in the decrease in inhibition
of processing of p25 to p24 by 3-0-(3',3'-dimethylsuccinyl) betulinic acid, and
also wherein said mutation is optionally located near the CA-SP1 cleavage site
or located in the SP1 region of SEQ ID NO: 5 or SEQ ID NO: 7 (parental
polynucleotide sequences) encoding the CA-SP1 protein. Said polypeptide



nucl eic acid nol ecule of the invention described

above, for instance, the sequence conplenentary to
woheo4megicng and/ or noncodi ng (i.e.; transcri be#CT/US2004/002393

unt ransl at ed) sequence of any pol ynucl eoti de or a
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A, or the like, or linkers; blood stabilization moieties such as, but not limited
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[0075] The invention also includes an antibody which selectively binds an
amino acid sequence containing a mutation in the CA-SP1 protein that results
in a decrease in the inhibition of processing of p25 (CA-SP1) to p24 (CA) by
3-0-(3",3'-dimethylsuccinyl) betulinic acid and also wherein said mutation is
optionally located in the SP1 region of CA-SP1. The invention also includes
an antibody which selectively binds the polypeptide having a mutation which
comprises a sequence that is one of KARVLVEAMS (SEQ ID NO: 2),
KARVIAEVMS (SEQ ID NO: 3)., .Said antibody can selectively bind the
polypeptide encoded by a polynucleotide sequence selected from the group
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hayiingyas B abherdioCdlectively bind a peptide even if it also binds to
other proteins that are not substantially homologous with the target pep’éide S0
long as such proteins share homology with a fragment or domain of the
peptide target of the antibody. In this case, it would be understood that
antibody binding to the peptide is still selective despite some degree of cross-
reactivity. In another embodiment, the determination whether the antibody
selectively binds to the mutant target sequence comprises: (a) determining the
binding affinity of the antibody for the mutant target sequence and for the
native target sequences; and (b) comparing the binding affinities so

determined, the presence of a higher binding affinity for the mutant target



conprises a sequence that is one of KARVLVEAMS (SEQ I D
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isolating the antibodies from the medium, as is well known in the art. The

invention also includes the production of polyclonal antibodies comprising the
injection, either one injection or multiple injections of any of the polypeptides
of the inventions into any animal known in the art to be useful for the
production of polyclonal antibodies, including, but not limited to mouse, rat,
hamster, rabbit, goat, sheep, deer, guinea pig, or primate, and recovering the
antibodies in sera produced therein. The invention includes high avidity or
high affinity antibodies produced therein. The invention also includes B cells

produced from the listed species to be further used in cell fusion procedures
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bi nding affinity of the antibody for the nutant target
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injection, either one injection or nultiple injections

of any of the polypeptides of the inventions into any
wanieienown in the art to be useful for the PCT/US2004/002393
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coul d either rovi de information as .t g presence
or absence &F ﬁﬁﬂ%ﬁ?ﬁﬁé’BFﬁ Qthﬁ Qﬂﬁﬁ%ﬂ{’or moni t or
t Ele% ﬁﬁﬁﬂfa@éﬁwgﬁyﬁ %@fe' s@ﬁttlbe‘ijwﬂ WHerkher apy. The kits

I 'nvention al so be used to provide
standaRdngadb{b@gémhuudinruusémhhﬂe¢qmm§mwwndJaboratory

.Stnﬁﬁ'me Raris PAGIHER O Bl Groc ORI, 0B garporyacy

¥ang the general Formula | and Il: X65 ~/ H OCOXK
,SS H1: Derivatives of Betulinic Acid
( | eft) Rarld }demn,obdogﬁnu, aidngdcdndiopaliyy Riehstitutesh mgno- or di-
ﬂ(y?arr%relg ¢ OII‘C ﬂﬂzxy thygrosggrll t C1 4h8{(§r9)f b\@ﬂﬁgﬁ, 51’ C2-C20

substituted or unsubstituted carboxyacyl;

wherein the dashed line represents an optional double bond between
C20 and C29.
[0082] Preferred compounds useful in the present invention are those where
R; is one of the substituents in Table 2, Ry is hydrogen or one of the

substituents in Table 1 2 and R; is hydrogen.



Ris a C2-C20 substituted or unsubstituted

car boxyacyl, WO 2004/069166 PCT/ US2004/002393 -29 R
woOoddsiegen or a C2-C o substituted and unsubsCiTtstmd/ 002393

al kyl or aryl group. Preferred conpounds are those

wherein R is one of the subgtituents in Table 2 and

R is hydrogen. yR3 HOR2"RL Il: Derivatives of

betulin and di hydrobetulin, or a pharmaceutically

acceptable salt thereof, wherein, Rl is a C2-C20

substituted or urEae?i Praferdnbostieaisyl . R2 is

hydrogen or @ C2-C20 substitu ed or unsubstituted

carboxyacyl ;|| and R3 is hydraggen, hal oge am np,
optio ituted di - al kylaran
- OR2:¢ where R4 d s- hy@#fFogen,” C1_3 al-kaMedl , benZOyE,’or

~ C2-C20 substituted or unsubstituted carboxyacyl;
wherei n the dashed |ine represents an optional deuble
bond bet\ween ||C20 and C29. [0082] Preferred co unds
uS®ful_in s 8PP onat e e r is
one of the substituents in Table 2, R2 i s hydrogen sor
one of the substituents in Table 12 and R3 is

hydr ogen. gD 2004/ 069166 PCT/ U$2004/ 00239 -30 dabl e
2: Preferfed fPubstituents| O O it HOZC HO2E/, cCOOoO
OHO2 OZ(E § and ;

HO,C

[0083] The most preferred compounds are 3-O-(3',3-dimethylsuccinyl)
betulinic acid, 3-O-(3',3'-dimethylsuccinyl) dihydrobetulinic acid, 3-O-(3',3'-
dimethylsuccinyl) ~ betulin, and  3-O-(3',3'-dimethylsuccinylglutaryl)
dihydrobetulin. | |

[0084] Compounds useful in the methods of the present invention include
derivatives of betulinic acid and betulin that are presented in U.S. Patent Nos.
5,679,828 and 6,172,110 respectively, and in U.S. application Nos. 60/443,180
and 10/670,797, which are herein incorporated by reference. Additional
useful compounds include oleanolic acid derivatives disclosed by Zhu et al.
(Bioorg. Chem Lett. 11:3115-3118 (2001)); oleanolic acid and promolic acid
derivatives disclosed by Kashiwada et al. (J. Nat. Prod. 61:1090-1095
(1998)); 3-O-acyl ursolic acid derivatives described by Kashiwada et al. (/.
Nat. Prod. 63:1619-1622 (2000)); and 3-alkylamido-3-deoxy-betulinic acid
derivatives, disclosed by Kashiwada et al. (Chem. Pharm. Bull. 48:1387-1390
(2000)). (All references incorporated by reference).

[0085] A vparticularly preferred compound is 3-O-(3'3'-dimethylsuccinyl)
betulinic acid..
[0086] Reaction of betulinic acid and dihydrobetulinic acid with

dimethylsuccinic ~ anhydride produced a mixture of 3-0-(2'2"-
dimethylsuccinyl) and 3-O-~(3',3'-dimethylsuccinyl)-betulinic acid and

dihydrobetulinic acid, respectively. The mixtures were successfully separated



HO2C HOZC and HOC [ 0083] The nost preferred conpounds
are 3-0-(3",3" -dinethylsuccinyl) betulinic acid,
WwG@-2004(089168"' - di et hyl succi nyl ) di hydrobet ul i ni cPatiud2004/002393

3-0-(3",3 - dinethyl succinyl) betulin, and

3-0- (3", 3" -di nethyl succi nylgl utaryl) di hydrobetulin.

[ 0084] Conpounds useful in"the nethods of the present

i nvention include derivatives of betulinic acid and

betulin that are presented in U S. Patent Nos.

Shys Peepergivarsdals, HPRC middingspae sepgley,  Higstiyptyes of these

application Nos,. 44 1 : whi ch are

h{é&@]eﬁ’ YHE Sﬁ%egtbggé%%f?arné?g%eﬁggds% %lza??%%g " usef ul
[0087%0”D0U1Dﬁ|§ defichiugde & Banbhiccadd i ahddéihydrabetubsicdacsd | dsthe

y Zhu et al. (Bioorg. Chein Lett. 11:3115- 1%33{ .

( PGy yavestiem weTd Al sEithesizad by reffbinga selpfon aibqtyiinie oeid

di . 2 ) .

o B8RP Re oIt F i iR eG acioprichne KRlequifiBh moD, and an
d@ppg&@tédga %gﬂ%; (Zzbf?azig gag;lioam el ire by droys) pyridiae (5-10
Prod. : 9-16 c.a o i
S0k Tha Afat5on P Sk VBB AIEh G B yifyice g Aah sytsacted with

dj 0S hi : Pl NBUSO,, and

aGT4G7 st etTs HF sl ol Ster Mic or YOy T

r ebieeangsed nndae8bicedprrasure.c Thardsidup mes shyomhtegaphed iging

is.3-0-(3',3 -dinethyl succin ul i [

[ 558 pelreolipn AR TV Xf&@ﬁ&"d“&@ﬁ@%ﬁ%"ggﬁm inic
[0088f:C fl wﬁp}é};arﬂioﬂﬁzﬁzﬁy—bgmg'b@h@t@nﬁw&hme;eaﬂmwa«ad: gield 70%

m X )

ure of 3-0- - dinmet hyl succi nyl) and
3{(Qaridy , With FAenbydfsbrivliny | acide coistaiiZatige ifepra MdeOH gave

di h b i ni L d, D B Mg
c GEIEST TP afnr SERTHE SCRp bt as (0. P HieE MEDR
PETA §§?Qﬁﬂ9ﬁ&§% Pf/%ss %@e Peatil EABSE B/HPST(M-H);

yirelding pure sanples. T ructures of these

| SREABMB ralals Sirgielsis $Eldakged m/a 385 8tsl 'H NMR
exam pat i.QNs.,[ 7 h eri | yesrof. betul\ nd erpch g
Ry RoRdeu P B 4ot 4 Tog Of HerhETcy Ak FLR 1
, aillcrsynt besir.ad 3bgHy D), WEN@HE ss20-CH;R2 .85, 2.97 (each
betulinic acid or dihydrobetulinic acid, __
41 W+ EE HapYr T HionS (U1 sy 9 6 (b 10, Jse 44 5 Ha, B-
apRr i ride 5-10 equivalent nol) in
ARG R
[0089] 3-0-(3',3'-dimethylsuccinyl) ~dihydrobetulinic acid: yield 24.5%
(starting with 155.9 mg of dihydrobetulinic acid); crystallization from MeOH-
H,0 gave colorless needles; mp 291°-292°C.; [oc]DZO-13.4° (c=1.1, CHCls—
MeOH [1:1], 'H NMR (pyridine-ds): 0.85, 0.94 (each 3H, d, J=7.0 Hz; 20-
(CHa)), 0.75, 0.93, 0.97, 1.01, 1.03 (each 3H, s; 4-(CHs),, 8-CHs, 10-CHs, 14-
CHs), 1.55 (6H, s; 3'-CH; x 2), 2.89, 2.97 (each 1H, 4, J=15.5 Hz; H-2"), 4.77
(1H, dd, J=5.0, 11.0 Hz, H-3); Anal. Calcd for Cs36Hss06.5/2H,0: C 68.43, H
10.04; found C 68.64, H 9.78.

[0090] The synthesis of 3-O-(3',3'-dimethylglutaryl) betulinic acid was
disclosed U.S. Patent No. 5,679,828, as COMPOUND NO. 4.
[0091] 3-0-(3',3'-dimethylglutaryl) ~ dihydrobetulinic ~acid: yield 93.3%

(starting with 100.5 mg of dihyrdobetulinic acid); crystallization from needles



m.). The reaction mxture was then diluted wth ice
wat er and extracted with CHCL3. The organic | ayer was

woashimdonest h water, dried over MgSOM, and coneemtusaioedo2393

under reduced pressure. The residue was

chr omat ogr aphed using siliga gel columm or

sem -preparative-scale HPLC“to yield the product.
[0088] Preparation of 3-0-(3,3 dlnethylsu00|nyl)

betulinic acid: yield 70% (startln Wit h %2 mg

DRG0 soiodiolotsysncedlcsy st G+ SOFOME R DA (6=0.5.
74-

P VT -Q%Nﬁ%oéwd%é%m@a%%@ im% Sy

I
e

( PAHEER),Me3&9)39 Gadts3H0s; S CHp x), 2.78 G411, m, 615 %eaaéﬁl)aﬁ%

bR Bl S Elngb T 495, Bgoos

1fd)und,c 95489, I@lbﬂo H2), 3.53 (1H, m H19), 4.76 (1H
J=5.0, 11.5 ,H-SR 4,78, 495d§|each1H br s
[0092]-|. 30) Tp@@glg‘}lesgs for(B0-gg ygp]ml;—bﬁty igigasichypy disclosed in U.S.

R S P SR PURIINGE 55y Cyatal et i on

[0093f r om Ne@mlgfmlgadabymommmme aoﬂegxélde%Q DY(s@eting2@RIT103.5
[a] n20-13.4 (c=1.1, CHCL3- I\/EO—|[1%£]&1 1H NMVR ]
(mgr Pl dﬂvé/dmtulml%mdb gy offoxlife SMOTRAOUY PPWGEA TP (-8

d 0
E)a SR ot Qe Buopel g g
xﬁ'ﬁ) sd}gz 82!3»%(2{3923 Oeach 8$J—I0 od, 09%595 (qulh FH28;)4- (@H@z 8-
= a
o100 TR Cags, 453 (endraflom g &) ebSBAIHAd
7
3738 LTI HTICHER O Pk Q1 ; Q045 2 7 found
diCs61.25H983S. Patent No. 5,679, 828, as COVPOUND NO

[0094); hyr dBec PTG S5 (g et tnedyGrinyY ey gnd, P 33
19&%&@%3&&;,9%&%%& Wisb k& R @) lidssiball biczetioen

from needl es "W 2004/ 069166 PCT/ usz 4/ 002393 -32
[0095M:or+ HZ(hegaetho@ off onhibising rveeHl‘éé repfic®n-ipgels ;of an animal

S%ﬁ?ztgqs ﬁecoarg) 11118 ggombul@ O‘(” gglgr]ﬂlgl%’[f]aéme Wén%ﬁfil?; derivative

2Q§f Bgﬁﬁhi%)acld) bgtﬁhn QorWhyFPotulinte 8dd ol dB§diobatmlbin 3t which
4-(CH3) 2, 8- CH3, CHS 14- CHS% 1.38, 1.39 (each
3knclydes 3he g];ﬂ’ewed@ubs‘gtums (o4 fablg F@refgﬂe(h%{ngognds Anchgde

but are not limited to 3-O-(3',3'-dimethylsuccinyl) betulinic acid, 3-0-(3',3'-
dimethylsuccinyl) betulin, 3-O-(3',3'-dimethylglutaryl) betulin, 3-0-(3',3"-di
methylsuccinyl) dihydrobetulinic acid, 3-O-(3',3'-dimethylglutaryl) betulinic
acid, (3',3'-dimethylglutaryl) dihydrobetulinic acid, 3-O-diglycolyl-betulinic
acid, and 3-O-diglycolyl-dihydrobetulinic acid.

[0096] The method disclosed herein, further comprises contacting said cells
with one or more drugs selected from the group consisting of anti-viral agents,
anti-fungal agents, anti-bacterial agents, anti-cancer agents,
immunostimulating agents, and combinations thereof. The method may

include the treatment of human blood products.



(1H, dd, J=4.5, 11.5 Hz; H3). Anal. Calcd for
C37H6006 : C 73.96, H 10.06; found C 73.83, H 10.10.
wpQORAKITEhe synt hesis for 3-0Odi gl ycol yl - bet ul PaTawSami/do2393
was disclosed in U S. Patent No. 5,679, 828, as
COMPOUND NO. 5. [0093] 3-C}ﬂgglycolyl-dihydrobetulinic
acid: yield 79.2% (startingwth 103.5 nyg of
di hydrobetulinic acid); an off-white anorphous powder;
a] D20-9.8 (c=1.1, CHC13 -MeOH 1:1]); .1H NMVR
[0097£ pyri diThe-iggytiop may afsoghe (usad Al Fomjvgction ¥gths apgpethod of

20- . . . : -
4 et cBygifsind ¥ adyinoridh i sy GRBETGy o
2hkorSastitiPagdntsaRapdsing aft. &ndmbllkh addanced w6l1&%illihg. Aindimt of
H 3);. Anal . Cal.cd. for C34H5407.2H20: C 66.85, H 9.57;
f iongcorgreombingdiap fPoth.0094] The synt heses of
- 0- (344.3":- di 18 i - 2t Re0e (3 3"
10098y 1 7 5 afoh PARAT o oD ToP RRTfng Sompounds
Afipl iniaibit FAIVLO/ GpOcatdn. in fEBOSH ai heimelt fisdogdd herein, said
inhibiting an H'V-1 replication in cells of an ani nmal
i OO PTSH%ound of Formula | or Formula II, above,

whi ch s a defibMald ¥ Gaglpro ‘él)lingﬁﬁngcai aA-S8f @ldaPageOdite

di hydrobetulinic acid or di hydrobetuli n and whi ch

i ncl udes t havifhrastestroosrposndst i t uents of Table 2.

~ Preferred copgpounds, i.ncl yd byt .are not linmited to
5 0 (3005 - GE iRt B ri e ot Ptk gt Ak e e
3-0-(3",3" - ket Ialéa’wgéfsjit@?’érﬁd betulin, . _
3-0-(3",3 -dinmethylglutaryl) betulin, 3-0-(3",3"-di
net hyl succi maayurétichtid bisisingpf thie deshepmpound at or near the CA-

3-0-(3,3 -q¢i hylal utaryl) betulinic acid,
(3',3" -di m%ﬁ%ﬁ%ﬁ‘%éﬁ% di hydr obet ul i ni ¢ aci d,
[00993- O di glayelod yhbdagiced bnindlecales thelaizdabeled antibodies or labeled

3-O-diglycol yl -di hydrobetulinic acid. h0096] The
meiHbd 28l s dhd s dabderiapiydes upR henzEBempr flU@ssEBht aBRSIHGS,

sab o, G8hlRsca tsﬁbé?{iﬁ:eo'imﬁgfaﬁisﬁr gﬁxitﬁ%e?%ﬁl&qiinfe r}ﬁﬁ‘sglglfll%‘ase,

group consisting of anhtr-vira ents,” anti-fun
atéotins avidit, icldoaoh eensel subgtandes sucdhndsi gotdynsariumgetndxsde, lead

i mmunost i mul ati ng agents, ang .onpj nati ops t hereof .
IR R h e iy PG GRODE o8t RLAE of Priia gL Y aes of
P rn%ié‘&flés' orWt) BRPH060 koG HET: TH:S%%% QQ@@ qgglud@’, 30L{t QB9 %bt
The 1nvention may al so be used in tonjunction with a
néiohited tofELIS Aesinglngnd doclele sauimpel ihrgquaseimmunodiffusion or
adm ni strat i.otn to_an .ani mal aqf one.or nore apti -
immunoprecipitation techniques, as own in the ait P‘Immunoassay
Handbook, 2™ ed." D. Wild, Nature Publishing Group, (2001)). Said
methods of identifying also could include, but are not limited to Western blot
assays, colorimetric assays, light and electron microscopic techniques,
confocal microscopy, or other techniques known in the art.
[00100] A method of identifying compounds that inhibit HIV replication in
cells of an animal further comprises:
a. contacting a Gag protein comprising a wild-type CA-SP1
cleavage site, with HIV-1 protease in the presence of a test
compound;

b. separately, contacting a Gag protein comprising a mutant CA-

SP1 cleavage site or a protein comprising an alternative



neopl asti c agents, exposing an aninmal to a cancer

cell-killing amount of radiation, or a conbination of
woabda/0691866098] The i nvention further includes aPaetisSe®4/002393

for identifying conmpounds that inhibit H V-1

replication in cells of an,gninmal disclosed herein,

said nethod conprising: a” contacting a Gag protein

conprising a CA-SP 1 cleavage site wth a test

conmpound; b. adding a | abel ed substance t hat

sel ecti vel ypioieagisclaevage siieayith HEV-loprotgase i fheaprggrmce of

site; and c, _ne ] { bi ndi ng of the test

compound atthggesﬁééa{}lbélﬁlg’ - SP | cleavage site. [0099]

Label ed subsinmangis the clvalgewake habteuefdityizeGeg protein to

anti bodi es or |abel ed DSB angl t he | ableg!;ﬁi ncl udes an

enzyne, flubeeseant of wheavage el the muant (FasBOEaR or to the

subst ance, r adi I @xd : INE :

phosphat as e%}%%ﬁoﬁﬁ%l?&gg?é) ?)r;thg @I% c%e?gﬁﬁéféﬂgge an altemative

substance, puecdasaslegelgd sitesni um tetroxide, |ead or

uranyl acetate, and ra(%i oi sot ope, anti bodies | ab?

| ed
[00101}i t h™ sBER U p3ROYRC s PEY Om?ﬁS]I a3 s9npe! N YAE f§ligHnate
t DshsRkds e Asd@Wind Qukety B8 #CiheRifbreamBiiOtthe protease
Irmted to ELISA, single dnd double sandw ch _
t ecdynieq UBlss abaveumettiod Rlseiinsiudas the mmathashvberen thatwisshtype

hnj k [ he " . .
b binanh CATSPE b A aip s RS R g° CPEned
(4282 polﬁép@ide rREReHSorabcdnsiandt bypin. al so coul d

i ncl ude, t are not limted to Western bl ot assays

[00102D| or i Fbe miatheds fetyislentifyiyie cemrpuane dagt dahikit D& d ofpdosed

t echni ques onfocal ; mi cros . - j

e e D
C PBRYGRAS héisly bAdiDiffuotdkdénce plueaetiing moisty, cabh sbonhd ao
animal further conprises: a. contacting a Ga% protein
conpasitsi figesaofithel- GAnsE lcolenyage difce ApdgRheTeHe 52 | ffjecting
H S ERREn the! ak FRAE el Rlre@ chbicn ARAAGh shid
sgpa ately, contacting a g protein conprising a

mMab@ide 6Aprofdin lis lsedal afil tsiot Buaes@npnuatigien, capbduwidniy

I [ 2004 1 P , .
agpgostitgrgigetzsl \c/>ie‘ tl\g) ng-OSI’/logl%aga%e s1C‘;re/, %%%ogvﬁér%%z%gl% detecting

comprises measuring the transfer of fluorescent energy from one moiety to the
other in the presence of the test compound and HIV-1 protease and comparing
said transfer of fluorescent energy to that observed when the same procedure
is applied to a peptide that comprises a sequence containing a mutation in the
CA-SP1 cleavage site or that comprises a sequence containing another
cleavage site. Examples of fluorescence-based assays of protease activity are
well known in the art. In one such example, a protease substrate is labeled
with green fluorescent dye molecules, which fluoresce when the substrate is
cleaved by the protease enzyme (Molecular Probes, Protease Assay Kit).
[00103] The method of comparing the cleavage, above, also includes using a
labeled antibody that selectively binds CA or SP1 in order to measure the
extent to which the test compound inhibits CA-SP1 cleavage. The antibody
can be labeled with a molecule selected from the group consisting of enzyme,

fluorescent substance, chemiluminescent substance, horseradish peroxidase,



-34 protease cleavage site with H V-1 protease in the
presence of the test conpound; and c. conparing the
wohewages of the native wild-type Gag protein POT/USE®4/002393
anmount of cleavage of the nutant Gag protein or to the
anmount of cl eavage of the_&ggtide conpri sing an
alternative protease cleavage site. [00101] Step (b)
above is performed as a control in order to elimnate
conpounds that mght bind directly to, and therefore
i alkalbiet , plolsphasaset ebiotin, epvigive. clpgBombgersenpiubsignes, s gud
i ngl udes the t-nad ' 1] d- ,
Ao, S oRp Al R e et Bt uiof an
| gntibeBY ab Aehecific tdpitBp@ tapaicpapkitdaclectgsiprtteor p25 or SP1
reconbl nant peptide. [00102] The nethod for i
i g wihio)s the arume acid dsquamse forrhriberiiope ag hay eep sugheered
herein als ' t.hod ' i j
orpaE|oSSmdgBF L ER: T BR'PPTALRE LRI IEMNG SRR
f FuAGesinpe aa$enahiAidrich)icoti, bedasdrteddntodhe p2 (SPhasgive
sides of the CA-SP1 ¢l eavage site, and, wherein sajd .
det eag Py @hgeW@%éhfﬁ%Tﬁé GrYiRRgEHS OgP | SXPYESTIPR Riasmid.
f ! of MRS ekl ' k&€ cBhild then be
p?g?é?%gﬁgz?gggﬁgﬂ'&#%ﬂM?Vgﬁ#%gggggﬁgﬁﬁﬁﬁgﬁgt?es, each
baetacted ousingp posintercisilyl esaiddble reaticAL A1 myineelpng)e autitodies

Pl s (Htpee oL to Bl B R STBAETTOP ) o the

[00108f her  irhe Liendr QseReRidel tehRditRBtofGUmGIHNEd 8 Beltdl iNfetted
prot ease and conparing said transfer of fluorescent

emathghlIV-d tivhtheodeestivadofnrdmSt helesuzas priodeds byelysing and

appl.ied tp a peptide that .comris a : .
cBfatiing rife 3eRERh 1E 1o RAtr MR SPhd R isugeg i the
t Rlen GO B FerforiRd WeiNge WeskirabldtngaBsietifi@iral loesinscame
site. Exanples of fluorescence-based assays of X )
pdeieetingepaT UFpELap antbodyidhat seirsiiely rPindrepdy or Whered gaid
such, ex I I upst ' : i b

o PR R Brzed HP e AR L IR BphGreSif BF LM ol and
t haa Gl oF hritdolisallyClabéeled Prdying, v witepdin disemertangne analyzed

o o ohes PL case easvul] Uk OGSl e o
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casqayumnad tenperfoirined GheBPH2 T iredetargent-siebibzead Yiowyis captured
using an antibody selectively binds SP1 that is bound to the plastic multiple
well plate. Following a washing step, bound p25 is detected using an antibody
to p24 that is conjugated to an appropriate detection reagent (e.g. alkaline
phosphatase for an enzyme-linked immunosorbent assay). Virus released by
cells treated with compounds that act via this mechanism will have increased
levels of p25 compared with untreated virions.

[00105] The disclosed method is drawn to an antibody that selectively binds
p25, or an antibody that selectively binds SP1, which is labeled with a
molecule selected from the group consisting of enzyme, fluorescent substance,
chemiluminescent substance, horseradish peroxidase, alkaline phosphatase,
biotin, avidin, electron dense substance, and radioisotope, or combinations

thereof. The invention also includes the use of an antibody to a specific



can be | abeled wth a nol ecule selected fromthe group
consi sting of enzyne, fluorescent substance,

wohewoess nescent substance, horseradi sh per ox PAagis200¥2393
2004/ 069166 PCT/ US2004/002393 -35 al kal i ne
phosphat ase, biotin, avidin, electron dense substance,
and radi oi sotope, or combinations thereof. The nethod
al so includes the use of an antibody to a specific

epi tope tag sequence to selectively detect p25 or SP1
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anti body t h%pa%ﬁieﬁﬁt W@l YviBhdssolates resistant to  3-0-(3',3™-
dimethylsuccinyl) betulinic acid; and
b. selecting test compounds that are more active against the wild-
type virus isolate compared with virus isolates that are resistant
to 3-0-(3',3'-dimethylsuccinyl) betulinic acid.

[00109] This invention further includes a method for identifying compounds
that act by any of the abovementioned mechanism, involving treating HIV-1
infected or transfected cells with a compound then analyzing the virus
particles released by compound-treated cells by thin-sectioning and
transmission electron microscopy, by standard methods well known in the art.

A compound acts by the abovementioned mechanism if particles are detected



p25, or an antibody that selectively binds SP1, which

is labeled with a nolecule selected fromthe group
woanmsisticng of enzyne, fluorescent substance, PCT/US2004/002393

chem | um nescent substance, horseradi sh peroxi dase,

al kal i ne phosphatase, biotjn, avidin, electron dense

subst ance, and radi oi sotope€, or conbinations thereof.

The invention also includes the use of an, antibody to
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artee fomatiow bl yecsgaion sie upernafaintimay be tested for the presence of
HIV particles. Virus present in the supernatant may be harvested to infect

other naive cultures to determine infectivity.

[00112] Also included in the invention, is a method of determining if an
individual is infected with HIV-1, is susceptible to treatment by a compound
that inhibits p25 processing, the method involves taking blood from the
patient, genotyping the viral RNA and determining whether the viral RNA
contains mutations in the CA-SP1 cleavage site.

[00113] The invention also includes a method for identifying compounds that
act by the abovementioned mechanisms, involving testing by a combination of
the methods disclosed herein.

[00114] HIV Gag protein and fragments thereof for use in the aforementioned

assays may be expressed or synthesized using a variety of methods familiar to



type virus isolate conpared with virus isolates that
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agemorehactandl sateeean asa bavsed fandispuspesg. itH VaGag may also

b P B R eledneds UhREE Dot M EE Ry R iaote

Pegirbisich Vedtest | The GRALNIO! /5.5-GASYEEP] wedilable from the NIH
Al ternatively, the invention may be practiced Ey
c NIDSr RegeantePrograget moy] s pspd e Gecssnde GV taggreen

C ound, pr.i | g i .
COPBRACSH BEPE, P BEREANE hARuaRK) 3ol 1 Bethlbrcip
t bRidis qSendefi) & vk iddn Jankrode? 22TARRTB20Y1998))e Thises@stact

RTINS AL NI T T

CURIE P S0 5 OB o, S n cl

S upiag nat@nbinamy vied teegtrgdsucbrast thesepuesk it ¢heotacchiay virus,

ﬁg;lé;iggllérgé'qrya{: ng rsessygtg}ns.i rbatghc(;é‘mSéﬁJ oeegqr)]?etsger&tbyrri%}lecgﬁg cells
with HIV or by transfecting cells with proviral DNA. Finally, Gag may be
expressed in yeast or bacterial cells transformed with the appropriate
expression vectors.

[00115] In addition to Gag proteins expressed in cells or in vitro using cell
lysates, peptides corresponding to various regions of Gag may be
commercially synthesized from using standard peptide synthesis techniques.

[00116] The invention further encompasses compounds identified by the
method of this invention and/or a compound which inhibits HIV-1 replication

according to the methods of this invention and pharmaceutical compositions

comprising one or more compounds as disclosed herein, or pharmaceutically
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[00119] Compounds of Formulas I and II according to the present invention
have been found to possess anti-retroviral, particularly anti—HIV,. activity. The
salts and other formulations of the present invention are expected to have
improved water solubility, and enhanced oral bioavailability. Also, due to the
improved water solubility, it will be easier to formulate the salts of the present
invention into pharmaceutical preparations. Further, compounds of Formula I
and II according to the present invention are expected to have improved
biodistribution properties.

00120} This invention also includes a pharmaceutical composition comprising
a compound that inhibits processing of the viral Gag p25 protein (CA-SP1) to
p24 (CA), but has no significant effect on other Gag processing steps, or that



speci fic nonocl onal antibodies. In addition, Gag may
be expressed in cells wusing reconbinant viral
woeaimesieo such as those used in the vacci ni a vPCEUAIS2004/002393
adenovirus, or bacul ovirus systens. Gag can al so
expressed by infecting cellg wth HV or by
transfecting cells with proviral DNA. Finally, Gag may
be expressed in yeast or bacterial cells transforned
with the appropriate expression vectors. [00Q115] In
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scope of the preSent I nventi'on are the non- toxic
p PabReetidal aompoatioaptaabirdingatat sheobrashie moepiamdsn afiso

the present . invention, These salts can be pr red,i
siferther sammryisengthen ARif-viralo PRI AUCkhAS, B3 R @Bﬁ% AO:O#%T
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arfguiibkaddC (zalcitabine, HIVID®, Hoffmann-La Roche), DAT (stavudine,
ZERIT®, Bristol-Myers Squibb), abacavir (ZIAGEN®, Glaxo Wellcome),
nevirapine (VIRAMUNE®, Boehringher Ingelheim), delavirdine (Pharmacia
and Upjohn), efavirenz (SUSTIVA®, DuPont Pharmaceuticals), saquinavir
(INVIRASE®, FORTOVASE®, Hoffmann-La Roche), ritonavir (NORVIR®,
Abbott Laboratories), indinavir (CRIXIVAN®, Merck and Company),
nelfinavir  (VIRACEPT®, Agouron Pharmaceuticals), amprenavir
(AGENERASE®, Glaxo Wellcome), adefovir (PREVEON®, HEPSERA®,
Gilead Sciences), atazanavir (Bristol-Myers Squibb), and hydroxyurea
(HYDREA®, Bristol-Meyers Squibb), or any other antiretroviral drugs or

antibodies in combination with each other, or associated with a biologically
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aliimunan o@mus ageimtirabr daveloped by Porton Products International;
ORNIDYL® (eflornithine; Merrell-Dow); nonoxynol; pentamidine isethionate
(PENTAM-300) manufactured by Lypho Med; Peptide T (octapeptide
sequence) manufactured by Peninsula Laboratories; Phenytoin (Warner-
Lambert); INH or isoniazid; ribavirin (RIFADIN®, Aventis); (VIRAZOLE®,
ICN Pharmaceuticals); rifabutin, ansamycin (MYCOBUTIN® Pfizer); CD4-
IgG2 (Progenics Pharmaceuticals) or other CD4-containing or CD4-based
molecules; Trimetrexate manufactured by Warner-Lambert Company; SK-818

(germanium-derived antiviral) manufactured by Sanwa Kagaku; suramin and

analogues thereof manufactured by Miles Pharmaceuticals; UAOOI



I mmunosti nmul ati ng agent. [00121] Pharnmaceuti cal

conpositions of the present invention can conprise at
woOeeasosoe of the conmpounds of Fornula | or |1 PCT/US2004/002393

di scl osed herein. Pharmaceutical conpositions

according to the present irl ention can also further

conpri se other anti-viral 'aéénts such as, but not

limted to, AZT (zidovudine, RETROVIR(r), d axo

Wel | cone), 3TC (lam vudine, COWVMBIVIR(r), d axo

Viahindacteded oid Uepdi Flan ddiemacals/lpixiry;) andrWVELBFERHNG (a-

Squi pb), ddC | ci t.abine, HVID(r), Hoffnmann-La

R&&ﬁﬁ%‘gn’ Qﬁ*%é@%ﬂ?)ne, ZER T(r), Bristol-Mers
[oo123fau! bbpparRREGAEAL cdufloAEENE bF thePradt WelchGOMBIN also further

evirapine (VIRAM UNE(r), Boehringher Ingel heim

dernapwisedimmeuroRiiuirieok a SuitalleUpiromrymodsiaiorsy fon pptional use

TR bt ic USR0S, EORGT™SE R e AL i i
r hdcORBYEd wWitORY! fesont inARkieh tcahaiBoluas, Obitestk , not rithital to:
(CRIXIVAN(r), Merck and Conpany) nel finavir

(VBRRCBRThinaY AmBhERHAHARAEN] RYAS DU HERM Repearchs

R P EAaA SOk SATLRN phCRERS b

( BibSt ohnideRkS gqllégmﬁ) , Fapd); hy disopur gaeaviyHYRIRIEA( 1 pased
Bristol - Meyers Squibb), or any other antiretroviral
dimmgsnestimuanti basdobs: | aeid omd nderivehived tthewsabh eferfeion-p;
or,.associated with i ol ogical |l y WO 2004/.0691
PEirssto oosey Mt ada S Phatert, fnetli Cho4as
?é@l‘ﬁ@ﬁ@an Avbhasied)! V&Sim[iée pdtirslgstian| faviord, | dRluding GM-CSF

UZEON(r),” Roche and Trineris) and T-1249, or_sol uble
Ct¥rndant Cisoetiass Insgtutepadiniveshlosriengrince sHE2008DAHgHis-Eden

i -C, . ddit | 1 £ | | )
AbirerericAu e R B PafRRILE P chun LS
Wl REQNE @fukbBRe GAYPANNES] M RER-DUWIRRE® errF._),O_fminhﬂliol
present invention can include, but are not imted
t (godiim 7 Afetlylibinodrhaineta)r dinstihuMeriaixid ipiprleplnden(Cetus

oration.a trix Research,L b es .
SOy 41 HOR R e P Fatietiy L2y (Gpivon
A &@w&ie,o RRPribysii fRpbihEEVRIsER T KhestianShnkdloRSLC-9018
ant i body (N sshon Food); 1 AS-101 (heavy netal based
i (¥ekd6t lentmanAjino sERapyc); LFIOA( ?tﬂ“@#@@n{me%w%‘ﬁ
Bi b encesin vels ol i d X
R b S el X en C
( shamkTiripeptde, MTP-PE (Ciba-Geigy), naltrexone (TREXAN® DuPont);
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Corporation), shosaikoto, ginseng, thymic humoral factor, TP-05
(Thymopentin, Ortho Pharmaceuticals), thymosin factor 5, thymosin 1
(ZYDAXIN®, SciClone), thymostimulin, TNF (tumor necrosis factor
Genentech), and vitamin preparations.

[00124] Pharmaceutical compositions of the present invention can also further
comprise anti-cancer therapeutic agents. Suitable anti-cancer therapeutic
agents for optional use include an anti-cancer composition effective to inhibit

neoplasia comprising a compound, or a pharmaceutically acceptable salt or
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carbenicillin, cephalexin, cepharadine, cefadoxil, cefaclor, cefoxitin,
cefotaxime, ceftizoxime, cefinenoxine, ceftriaxone, moxalactam, imipenem,
clavulanate, timentin, sulbactam, erythromycin, neomycin, gentamycin,
streptomycin, metronidazole, chloramphenicol, clindamycin, lincomyein,
quinolones, rifampin, sulfonamides, bacitracin, polymyxzin B, vancomycin,
doxycycline, methacycline, minocycline, tetracycline, amphotericin B,
cycloserine, ciprofloxacin, norfloxacin, isoniazid, ethambutol, and nalidixic
acid, as well as derivatives and altered forms of each of these compounds.

[00126] Examples of anti-parasitic  therapeutics include bithionol,

diethylcarbamazine citrate, mebendazole, metrifonate, niclosamine, niridazole,
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By inference, latentiation implies a time lag element or time component

involved in regenerating the bioactive parent molecule in vivo. The term
"prodrug" is general in that it includes latentiated drug derivatives as well as
those substances which are converted after administration to the actual
substance. The term "prodrug" is a generic term for agents which undergo
biotransformation prior to exhibiting their pharmacological actions.

[00129] The preferred animal subject of the present invention is a mammal. By
the tenﬁ "mammal" is meant an individual belonging to the class Mammalia.
The invention is particularly useful in the treatment of human patients.

[00130] The term "treating” means the administering to subjects a compound of

Formula I or II or a compound identified by one or more assays within the
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acceptable form optionally combined with a pharmaceutically acceptable
carrier. These compositions can be administered by any means that achieve
their intended purposes. Amounts and regimens for the administration of a
compound of Formula I or II according to the present invention can be
determined readily by those with ordinary skill in the clinical art of treating a
retroviral pathology.

[00135] For example, administration can be by parenteral, such as
subcutaneous, intravenous, intramuscular, intraperitoneal, transdermal,
transmucosal, ocular, rectal; intravaginal, or buccal routes. Altemnatively, or

concurrently, administration can be by the oral route. The administration may
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adm1mstered orally and which can be used for the preferred type of
administration, such as tablets, dragees, and capsules, and also preparations
which can be administered rectally, such as suppositories, as well as suitable
solutions for administration by injection or orally, contain from about 0.01 to
99 percent, preferably from about 20 to 75 percent of active compound(s),
together with the excipient.

[00138] Pharmaceutical preparations of the present invention are manufactured
in a manner which is itself known, for example, by means of conventional
mixing, granulating, dragee-making, dissolving, or lyophilizing processes.
Thus, pharmaceutical preparations for oral use can be obtained by combining

the active compounds with solid excipients, optionally grinding the resulting
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Dyestuffs or pigments can be added to the tablets or dragee coatings, for

example, for identification or in order to characterize combinations of active
compound doses.

[00140] Other pharmaceutical preparations which an be used orally include
push-fit capsules made of gelatin, as well as soft, sealed capsules made of
gelatin and a plasticizer such as glycerol or sorbitol. The push-fit capsules can
contain the active compounds in the form of granules which can be mixed
with fillers such as lactose, binders such as starches, and/or lubricants such as
talc or magnesium stearate and, optionally, stabilizers. In soft capsules, the
active compounds are preferably dissolved or suspended in suitable liquids,

such as fatty oils or liquid paraffin. In addition, stabilizers can be added.
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solubilizing agents and emulsifiers such as, for example, water or other

solvents, solubilizing agents and emulsifiers such as ethyl alcohol, isopropyl
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate,
propylene glycol, 1,3-butylene glycol, dimethyl formamide, oils such as
cottonseed, groundnut, corn, germ, olive, castor, and sesame oils, glycerol,
tetrahydrofurfuryl alcohol, polyethylene glycols and fatty acid esters of
sorbitan, and mixtures thereof.

[00144] Suspensions, in addition to the active compounds, may contain
suspending agents as, for example, ethoxylated isostearyl alcohols,

polyoxyethylene sorbitol and sorbitan esters, cellulose, microcrystalline
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[00149] The compositions may be administered in the form of liposomes.
Liposomes may be made from phospholipids, phosphatidyl cholines (lecithins)
or other lipoidal compounds, natural or synthetic, as known in the art. Any
non-toxic, pharmacologically acceptable lipid capable of forming liposomes
may be used. The liposomes may be multilamellar or mono-lamellar.

[00150] A pharmaceutical formulation for systemic administration according to
the invention can be formulated for enteral, parenteral or topical

administration.  Indeed, all three types of formulation can be used

simultaneously to achieve systemic administration of the active ingredient.



contain the active conmpounds in the form of granules
whi ch can be mxed wth fillers such as | actose,
woizod@esieuch as starches, and/or |ubricants sBCH/U&2004/002393
tal c or magnesi um stearate and, optionally,
stabilizers. In soft capsulgs, the active conpounds
are preferably dissolved or suspended in suitable
liquids, such as fatty oils or liquid paraffin. In
addition, stabilizers can be added. WO 2004/ 069166
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accept abl e enul si ons, sol utions, suspensions, Syrups,
and elixirs. In additio active conpounds, the
liquid dosage fornms may contain inert diluents
comonly used in the art such as, for exanple, water
or other solvents, solubilizing agents and
eg¥lsiﬁifrs such as, for exanple, water or other
sot"?B%tS, sol ubilizing agents and enulsifiers such as
et hyl al cohol, isopropyl alcohol, ethyl carbonate,
et hyl acetate, benzyl al cohol, benzyl benzoate,
Anti-Viral Activity Against Primary HIV-1 Isolates:

[00154] A robust virus inhibition assay was used to evaluate the anti-viral
activity of DSB against primary HIV-1 isolates propagated in PMBC. Briefly,
serial dilutions of DSB were made in medium into 96-well tissue culture
plates. 25 - 250 TCIDsp of virus and 5 x 10° PHA-stimulated PBMCs were
added to each well. On days 1, 3 and 5 post-infection, media was removed
from each well and replaced with fresh media containing DSB at the

appropriate concentration. On day 7 post-infection, culture supernatant was



propyl ene glycol, 1, 3-butylene glycol, dinethyl

formam de, oils such as cottonseed, groundnut, corn,
waqgenwwoewies ve, castor, and sesane oils, glyceroPCT/US2004/002393

tetrahydrofurfuryl al cohol, polyethylene gl ycol s and

fatty acid esters of sorbi and m xtures thereof.

[ 00144] Suspensions, in ad %lon to the active

compounds, may contain suspending agents as, for

exanple et hoxyl ated i sost earyl| al cohol s,

nyaysede b essd WeHbIOF G124 Aelcdfionbpt airug geplication and 50%
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[00158Et ahy dublki Hshovidetht Poicheantbginil-Rgaity ofl MB nggat anfahel of
and conbinations thereof, [00145] Pharnaceutlcl
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f l.at.i f [
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Cosypixsed byposrataytobesageepar ed as a pressurlzed or non-
pressurized dry powder, |iquid or suspension. The
active ingredients in non- pressurized powdered
fornmul ati ons may be admixed in a finely divided form
in a pharmaceutical |l y-accegb@hl e i nert carrier
including but not limted to mannitol, fructose,
dextrose, sucrose, |actose, saccharin or other sugars
or sweeteners. [00146] ThE"pressurTﬂéé td¥posi-t-ron—-
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anterior chanber, posterior chanber, aqueous hunor,

V' tr eo%blpy-q}ﬁ?blto&qgtf %, FiCm)OJf D%ﬁtaﬁcﬂ@m a}Lp(;)(in:éfL é‘]l% against a panel of
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f @rwr@sf@adg FpPbsi tokices Cligehbbbil titobirs derored d>§e e t“ﬁ]éted at
V 2gthabi. AMBYthed @irus obiBEwdrOdbiindd from the NIH AIDS Reference Repository.

Note: RS and X4 refer to the chemokine receptors CCRS and CXCR4 respectively.

[00156] Toxicity of DSB was analyzed by incubating with PHA-stimulated
PBMC for 7 days at a range of concentrations, then determining cell viability
using the XTT method. The 50% cytotoxic concentration was >30 pM,

corresponding to an in vitro therapeutic index of approximately 5000.
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Table 4
ICso(nM)
Virus Mutation(s) | Co-Receptor | DSB AZT Nevirapine | Indinavir
Isolate # usage
NRTI-resistant
i K70R R5/X4 44 86.4 (54X)* ND 9.8
T215Y/F
2 K70R R5/X4 42 63.4 (40X) ND 6.1
T215Y/F
NNRTI-resistant
3 Y181C X4 1.0 5.1 >3800 2.5
(>177X)
4 K103N X4 1.3 2.0 2630 4.5
Y181C (122%)
Protease-resistant




[00154] A robust virus inhibition assay was used to

evaluate the anti-viral activity of DSB agai nst
wonrbweyiehl V-1 i sol ates propagated in PVMBC. Br Periug2004/002393

serial dilutions of DSB mere made in mediuminto

96-wel | tissue culture %P 25 - 250 TCI D50 of

virus and 5 x 105 PHA-sti at ed PBMCs were added to

each well. On days 1, 3 and 5 post-infection, nedia
was rempved fromeach well and replaced with fresh
medi a cON8& ning [B¥B at tHe 5épprop}%bte ND 39.7
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B@{W X4 4.0 2.2 31.2 92HT599 X4 9.8 5.8 25.3 US1 RS
TGP 1 19101N* R5 3.8 2.4 59.4 3401\ RS/ X4
12. 0 1ots RS2nd X4 Ryg e shommkixareeepigrs £CBS ol GXCRS peppppityely-
R5/X4 2.6 0.9 4.9 Mean 6.1 4.4 28.8 Table 3:
Iggérgbltegry activity (1C50) of DSB and two approved
drugs agai nst a panel of primary Cade B H V-1
i solates. dinical HIV-1 i sol ates denoted by * were

i sol ated at Panacos. other virus_jisolate re
DI Bt iREEN | RenhgHionnbE, e RS Ee MUBe Lo le
Note: R5 and X4 refer to the chenoki ne receptors CCR5

[00159]1d CX%A'diEtﬁngl?s‘ﬁt fh\éelmﬁ'bitory activity of DSB against early and late

replication targets, a multinuclear activation of a galactosidase indicator

W

-

(MAGI) assay was used. In this assay, the targets are HeLa cells stably
expressing CD4, CXCR4, CCR5 and a reporter construct consisting of the -
galactosidase gene (modified to localize to the nucleus) driven by a truncated
HIV-1 LTR. Infection of these cells results in expression of Tat that drives
activation of the B-galactosidase reporter gene. Expression of B-galactosidase
in infected cells is detected using the chromogenic substrate X-gal. As shown
in Table 5, the entry inhibitor T-20, the NRTI AZT and the NNRTI nevirapine
caused significant reductions in (B-galactosidase gene expression in HIV-1
infected MAGI cells due to their ability to disrupt early steps in viral
replication that affect Tat protein expression. In contrast, the protease
inhibitor indinavir targets a late step in virus replication (following Tat
expression) and does not prevent B-galactosidase gene expression in this
system. Similar results were obtained with DSB as with indinavir, indicating

that DSB blocks virus replication at a time point following the completion of



[00156] Toxicity of DSB was anal yzed by incubating
wth PHA-stinulated PBMC for 7 days at a range of
woaneaticat i ons, then determ ning cell viabili PgT/USSI0MmG02393
the XTT nethod. The 50% cytotoxi c concentration was
>30 ~tM corresponding to_ap _in vitro therapeutic
i ndex of approxi mately 5000 WD 2004/ 069166
PCT/ US2004/ 002393 -52- Exanple 2 Anti-Viral Activity
of DSB a ai nst Drug Resistant H V-1 IsoI ates: [00157][
rﬁowl Ney ieerpiam @ad syalless oAdhs el fapwgiyatise protein
oI ates resistant to approved drugs. These
uses were obtained fromthe NIH AIDS Research and
Reference Reagent Program Assays were perforned using
vi rus propagated in PBMCs Tabld5Sa p24 endpoi nt (above),

or usmg cell line targets (MT-2 ceIIs) and a cell
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T215Y/ F
(e.g. Example 6).

Example 4
DSB does not Inhibit HIV-1 Protease Activity

[00161] We had previously determined that DSB had no effect on HIV-1
protease function using a cell-free fluorometric assay that characterized
enzyme activity by following the cleavage of a synthetic peptide substrate.
The results of these experiments indicated that at concentrations up to 50
pg/mL that DSB had no effect on protease function. As a result of the
observation that DSB blocks virus replication at a late step, studies were also
performed using a recombinant form of the Gag protein, which is a more
relevant system than the synthetic peptide substrate used in the initial assays.
The use of the recombinant Gag protein as substrate resulted in a similar

experimental outcome. In these experiments DSB did not disrupt protease-



2 KITOR R5/ X4 4.2 63.4 (40X) ND 6.1 T215Y/F
NNRTI -resi stant 3 Y181C X4 1.0 5.1 >3800 2.5 (>177X)
WO 26PBN6x4 1.3 2.0 2630 4.5 Y181C (122X) PCT/US2004/002393

Pr ot ease-resi stant WD 2004/ 069166 PCT/ US2004/ 002393

-53 5 VB2A X4 5.6 13.1 ND 3_%5_ (12X) 6 184V X4 5.5

14.4 ND 32.7 (lox) 7 L1OR/IV4461/ X4 12.9 3.5 ND 72.5
L63P/ V82T/ | (23X) 84V Table 4: Inhibitory activity

| nst a resi stant

nM anel of dru
I(-|I lveéfateg) gali’fegem swgﬂ@r SOTGGHETORS £7 Bigh PENCugdy dn
?ﬁ(ﬁ)tn@fﬁv\gf gé %kp@c’f&ﬁor nghe p%te&sj%el eﬁl-(l;s 11\}\(}11?&%\)112 nggh:d %ﬂa!ga}gr%‘?em
wmb@dssmgaﬁ(ﬂigf)mlefﬁgmerit). "Fol d Resistance. Note: R5
and X4 refer to the chenoki ne receptors CCR5 and CXCR4
respectively. Exanple 3 DSB Inhibits H V-1
Repial pon at a Late Step in the Virus Life Cycle
[00159] To distinguish the inhibitory activity of DSB
against early and late replication targets, a

PB waedee adetzct invhe final st f Gyl ratessing (G A-SRidileatpe)
( MAg Bas bespassorsted sl vidahmahirstiosde@acts t he targets are
HeLa cells stably expressing CD4, CXCR4, CCR5 and a

porter construct consisti ng of the - gal act osi dase
WOlQ}Sne ( FBdPIdEE do t Retien cdafing eDBB st m@clmmr@lﬁ) acmom/ezn dpipiled

traneal-8dn Vﬂs\ﬁngi ll_‘l_a-ﬁég #r%{lg 8%1‘!158 Elg)%(lcé({lggl% % L&

I n expression o Fvation ofn
[ Jingaltmeted svitaDEBr eprieflye H Y e¢lss. chrxpicABsinted with the HIV-
%Illgags%ftteo Sv!/e?g Streated with DSB at 1 pg/mL for a period of 48 hrs.
Indinavir was used as a control. At the 48hr time-point, spent media was
removed and fresh media containing compound was added. At 24, 48 and 72
hrs post fresh compound addition, both cells and supernatant were recovered
for analysis. The level of virus in the culture supernatant was determined and
western blots were used to characterize viral protein production in both cell-
associated and cell-free virus. As observed in previous experiments, DSB did
not cause a significant reduction in the amount of virus produced by
chronically infected H9 cells, however, there was a defect in Gag processing
in both cell-associated and cell-free virus. This defect took the form of an
additional band in the western blots corresponding to p25 (Figure 2). This p25
band results from the incomplete processing of the capsid CA-SP1 precursor.
DSB treatment of HIV-2 and SIV chronically infected cell lines exhibited
normal Gag processing consistent with the observed lack of antiviral activity
against these viruses. The Gag processing defect seen in the presence of DSB
is completely distinct from that observed with the protease inhibitor indinavir
(Figure 2). As discussed above, mutations at the p25 to p24 cleavage site that
prevent processing are associated with defects in viral maturation and
infectivity (Wiegers K. et al., J. Virol. 72:2846-54 (1998)).
[00163] As previously discussed (C.T. Wild et al, XIV Int. AIDS Conf
Barcelona, Spain, Abstract MoPeA3030, (July 2002)), abnormal p25 to p24



ininfected cells is detected using the chronogenic
substrate X-gal. As shown in Table 5, the entry

wonhidmeties T- 20, the NRTI AZT and t he NNRTI nePCTA|S2004/002393

caused significant reductions in 3-gal act osi dase gene
expression in H V-1 infect MAG cells due to their
ability to disrupt early steps in viral replication
that affect Tat protein expression. In contrast, the
protease inhibitor indinavir targets a |ate step.in
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dat ' et f i i_ndi
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I eleB@SR1t (€ Fampkag)pl € 6). Exanple 4 DSB does not

Inhibit H V-1 Protease Activity [00161] W had

previously determ ned that DSB had no effect on H V-1
Example 6

DSB treatment effects HIV-1 maturation as determined by electron
microscopy (EM)

[00165] It has been demonstrated that mutations in HIV-1 Gag that disrupt p25
to p24 processing give rise to non-infectious viral particles characterized by an
internal morphology distinct from normal virus (Wiegers K. et al., J. Virol.
72:2846-54 (1998)). To determine if virus generated in the presence of DSB
exhibited this distinct morphology the following experiment was carried out.

[00166] Hela cells were transfected with HIV-1 infectious molecular clone
pNL4-3 and treated as described previously with DSB. Following treatment,
DSB-treated infected cells were fixed in glutaraldehyde and analyzed by EM.
The results of this analysis are shown in Figure 3.

[00167] These results are consistent with a compound that disrupts p25 to p24
processing which generates non-infectious morphologically aberrant viral

particles.



protease function using a cell-free fluoronetric assay

that characterized enzyne activity by follow ng the
wohewages of a synthetic peptide substrate. TRET/US2004/002393

results of these experinents indicated that at

concentrations up to 50 ptg/nml that DSB had no effect

on protease function. As a Tesult of the observation

that DSB bl ocks virus replication at a |ate step,

studies were also perfornmed using a reconbinant form
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not cause a significant reductionin the amount of
[00171] r us [inodeeepbrinyent,cHP oellcthhl had befer enfectedioviheRY yirus were

however, .t.here was a defect in.Gag processing,. in
i e R g R S S P
t 16,0691 611 9knIRNThaeMlistvi @B Bhsshddileviepy 2 Belye witarihe Bdiion of
correspondi ng to p25 (Figure 2). Thi sEp 5

fresh drug. Virus replication was monitored by p24 ELISA every 7 days. At

that time, DSB-treated cultures with high levels of p24 were passaged by co-
cultivation with fresh uninfected H9 cells at a 1:1 ratio of cells in the presence
of 1x or 2x the original concentration of DSB. After 8 weeks of co-
cultivation, cell-free virus was collected from the culture containing DSB at a
concentration of 1.6 pg/ml and used to infect fresh H9 cells. Every 7 days,
virus from cultures containing high levels of p24 was passaged by cell-free
infection in the presence of 1x or 2x the original concentration of DSB. After
5 weeks of cell-free passaging, virus from the culture containing 3.2 pg/ml
DSB was collected and used to infect MT-2 cells. Virus replication in the

MT-2 cells, was monitored by observing syncytia formation microscopically.



band results fromthe i nconpl ete processing of the
capsid CA-SP1 precursor. DSB treatnent of H V-2 and
webkn4miavieni cal |y infected cell 1ines exhibitedPCnmSamk/002393

Gag processing consistent with the observed | ack of
antiviral activity againstéghese viruses. The Gag
processi ng defect seen in tsne presence of DSB is
conpletely distinct fromthat observed WI th the
protease inhibitor indinavir (Figure As di scussed
aBvew, 1-mndess, ites selly wengevgshed t(bre;ﬁweclpe%v\wé and Eeshhdiug
preven e t
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ogy 76:105-117, 02)). However, these
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mahéi%&ufe‘é WS Ot digedd irﬁﬁhwgieséﬁo@ nart fsdended bf - ng7 at a
DSB- treatnent (see Exanple 00164] In addition,

msromelntmtsort plat.oipglrek f Byay urd ﬁa}(ﬁb |ceRmineER Yrathes 4¢ rgnove
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73:6147-615 1 (1999)). However, in those cases RNA
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wra% partlc es characteri zed y an
the concentration of drug was doubled. After 10 rounds of cell-free infection

(approximately 7 weeks in culture), when the concentration of drug reached

12.8 pg/ml, virus stocks were collected and frozen for further analysis.
Example 8

[00173] Characterization of HIV-1 isolates selected for resistance to
compounds that disrupt the processing of the viral Gag capsid (CA) protein
from the CA-spacer peptide 1 protein precursor.

[00174] Virus stocks derived as described above were further analyzed both
phenotypically and genotypically to characterize the nature of their drug-
resistance. The resistance of the viruses to 3-O-(3',3'-dimethylsuccinyl)-

betulinic acid (DSB) was determined in virus replication assays. Briefly, the



i nternal norphol ogy distinct fromnormal virus

(Wegers K. et al., J. Virol. 72:2846-54 (1998)). To
wdeb@roedee i f virus generated in the presence 8€TMDSBI04/002393

exhi bited this distinct norphology the foll ow ng

experiment was carried out..,[00166] HeLa cells were

transfected with H V-1 inf ggtl ous nol ecul ar cl one

pNL4- 3 and treated as described previously with DSB.

Following treatnment, DSB-treated infected cells were
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abﬁ'anelnntﬁdlz%%sqzmetotfdhg nor phol ogy descri bed above.
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-spacer peptide 1 protein precursor. [00170]. A

s ecr r:elserd:he axpssnearen tbsanse f shug orare dnelyzed bycYVester blot.

viruses res t i L]
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re passag every days wth the addition of
the effects of the drug on this cleavage event.

[00176] Finally, to identify the genetic determinants of DSB resistance, the
entire Gag and PR coding regions of the viral genomes were amplified by
high-fidelity RT-PCR for sequencing. The viral RNA was purified from each
virus lysate prepared as described above and digested with DNase to remove
any contaminating DNA. The RT-PCR products were then gel-purified to
remove any non-specific PCR products. Finally, both strands of the resulting
DNA fragments were sequenced using overlapping a series of primers. Two
amino acid mutations were identified that are independently capable of
conferring resistance to DSB, an alanine to valine substitution in the Gag
polyprotein at residue 364 in the NL4-3 isolate and at residue 366 in the RF
isolate. These are the first and the third residues, respectively, downstream of

the CA-SP1 cleavage site (the N-terminus of SP1). Alanine is highly



fresh drug. Virus replication was nonitored by p24

ELI SA every 7 days. At that tine, DSB-treated
woubdmeeise W t h hi gh | evel s of p24 were passage#ChySem4/002393

cultivation with fresh uninfected HO cells at a 1:1

ratio of cells in the pres%@ of Ix or 2x the

original concentration of B. After 8 weeks of co-

cultivation, cell-free virus was coll ected fron1the

culture containing DSB at a concentration of

1.
romsersied] atiwadh tof thasce positiprss Huppghost adl, Hiyek ylaﬂeﬂaysthe
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%or@@arﬁlgeh@gdngml of FING @Michab mnstanft t®BBB, Al therregibn of its
cell-free passa% ng, virus fromthe culturfeﬂle

cOALSE In¢lagyage sity (FigurepER touiet ebHI¥: el BinBruiAgsRes 1O
t ||]s. Virus replication in the MI-2
cgifgiaggggﬁgﬁ'bored by observing syncytia formation
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TR Phphicasong Sps Jiergn ey i ript Fae ey JEBieg R b
'&hﬁ% fresh MI-2 cells in the presence or absence of
fresh”drug. After 4 rounds of cell-free infection
(approxi mately 2 weeks in culture), with the
concentration of drug at 3.2 g/m, virus stocks were
coll ected and frozen for further analysis. [00172] In
a second experinent, a stock of virus derived fromthe
nol ecul ar clone pNL4-3 (5.7 x 104 TCI D50) was used to
infect MI-2 cells (6 x 106 cells) and cultures were
mai ntai ned in the presence or absence of PA-457 at a
concentration of 1.6 jtg/m. Every 1-3 days, the cells
were washed to renove input virus, and fresh drug was
added to the culture under selection. Virus
replication was nonitored by observing syncytia
formation mcroscopically. Every 3-7 days, follow ng
the emergence of extensive syncytia in the culture
under sel ection, supernatant from each culture was
coll ected and passed through a 0.45 mfilter to
renove cell debris. This filtered virus supernatant
was then used to infect fresh MI-2 cells in the
presence or absence of fresh



drug. After 5 rounds of cell-free infection, and every
ot her round thereafter, the concentration of drug was
wdaodloegies Af t er 10 rounds of cell-free infecti®8aT/US2004/002393
(approximately 7 weeks in culture), when the
concentration of drug reacQﬁd 12.8 g/m, virus stocks
were collected and frozen for further anaIyS|s
Exanpl e 8 [00173] Characterization of H V-1 isolates
sel ected for resistance to conpounds that disrupt the
pPatAE 48 A3 AIMERESYiral Gag capsid (CA) protein from
the CA-spacer peptide 1 protein precursor. [00174]
Virus atmethed dénicating EEVde ﬂxfedti@adnaebpax'wnt/\by edfinisthang a

compQidr ek BVl PHERER NG K 2 BEGToW Befiat b o R4
(CA), %ﬁ@ﬁa}gﬁﬁgﬁugéaﬁg éf'oﬁ%%l?e? da processing steps.

I met hyl succi nyl betulinic acid (DSB) was
det er m ned |n V|rus replication assays. Briefly, the
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just imdidegheveiral merabyprednt haviestiecad dyotinfectifityus was
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Gag processing steps.

6. The method of claim 1, wherein said compound binds to the viral Gag

protein such that interaction of HIV protease with CA-SP1 is inhibited.

7. The method of claim 1, wherein said compound binds near to or at the
site of cleavage of the viral Gag p25 protein (CA-SP1) to p24 (CA), thereby inhibiting
the interaction of HIV protease with the CA-SP1 cleavage site and resulting in the
inhibition of processing of p25 to p24.



denonstrated that the drug-resistant viruses did not
contain the CA-SP 1 product in the presence of DSB,

woanfsioesicng t hat these viruses were resistant POT/USE®4/002393

effects of the drug on this cleavage event. [00176]
Finally, to identify the genetic determnants of DSB
resistance, the entire Gag and PR codi ng regi ons of
the viral genonmes were anplified by high-fidelity
RT- PCR for sequencing. The viral RNA was purified from
edch Vhe wthq%szﬁ daipy bpdreeingbe dHYcinfastng spg\slladaes not
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reference in their entirety. WO 2004/ 069166
PCT/ US2004/ 002393 -61- WHAT IS CLAIMED | S:

11.  The method of claim 1, wherein said patient is administered said

compound in combination with an immunomodulating agent, anticancer agent,

antibacterial agent, antifungal agent, or a combination thereof.

12.  The method of claim 1, wherein said compound is a dimethylsuccinyl

betulinic acid or dimethylsuccinyl betulin derivative.

13.  The method of claim 12, wherein said compound is selected from the
group consisting of 3-0-(3'3-dimethylsuccinyl) betulinic acid, 3-0-(3'3"-
dimethylsuccinyl)  betulin,  3-0-(3',3-dimethylglutaryl)  betulin, 3-0-(3'3-
dimethylsuccinyl) dihydrobetulinic acid, 3-0-(3',3'-dimethylglutaryl) betulinic acid,
(3',3"-dimethylglutaryl) dihydrobetulinic acid, 3-O-diglycolyl-betulinic acid, 3-O-
diglycolyl-dihydrobetulinic acid and combinations thereof.



1. Anethod of treating HV-1 infection in a patient

by adm nistering a conpound that inhibits processing
wofhodhveonsr al Gag p25 protein (CA-SP1l) to p24 PCOAR2004/002393

but has no significant effect on other Gag processing

steps. 2. The nmethod of cla.m 1 wherein said

i nhibition does not significantly reduce the quantity

of virions released fromtreated infected cells and/or

has no significant effect on the_ ampunt of RNA

i Feor pBhaimiasrd of slaimeld. evbersagsayd mabe, isgadmipistesed d

comp%flalgl g(:?l’fr{%lﬁlatl(\)/m vevgtﬁlaple%][%ng afRe Qfﬂgfj?éeop' bits the

VI T ONS release minfected cells.
4. The method of claim1l, wherein a preponderance of
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infectivity, 5. The nmethod of claiml, e..
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CD4- I/g(}jﬂaﬁ@eorﬁlﬁn&?oﬂstﬁére@vage site and resulting in the

inhibition of processing of p25 to p24. WD 2004/ 069166
PCT/ US2004/ 002393 -62 8. The nmethod of claim1,

rei n [ I

R
compWhiel éh reosdbightipat vitht an Smadmonicdtirtieg spaht] antioegmoemdgem,

conbi nation with at | east on anti-yiral. agent. 10.
antibapfgiahagmbdnsotidingalpgenty & H‘aélﬁpﬂ\i’ﬁ f-viral agent

is selected from the group consisting of zidovudine,

| am vudi ne, di danosi ne, zal citabine, stavudine, _

alidcaviA mettediaf emp'aﬁin@ huiedrebodiprodpcte tamprising contacting said
blood pargclfluctc]sa Q?lvktfx a crolmt.p%ﬂgc\{ that iﬂh?tgil!csnpar\écl;erséing of the viral Gag p25 protein

(CA-SP1) to p24 (CA), but has no significant effect on other Gag processing steps.

18.  The method of claim 17 wherein said inhibition does not significantly
reduce the quantity of virus released from treated cells and/or has no significant effect

on the amount of RNA incorporation into the released virions.

19.  The method of claim 17, wherein the compound inhibits the maturation

of virions.released from treated infected cells.

20. The method of claim 17, wherein the preponderance of said virions

released from treated infected cells exhibit spherical, electron-dense cores that are



nel fi navir, anprenavir, adefovir, atazanavir,
hydr oxyurea, AL-721, anpligen, butyl ated
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contracan; crenme pharmatex, CS-87, penciclovir,
fanciclovir, acyclovir, cytgfovir, ganciclovir,
dextran sulfate, D-penicillTamne trisodium
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whibr ei Bhemiethogf claim 17sWhereinrihs P@‘Flﬁ%lu%da‘inal its e BIFFRF PR
onmhi nat i.
A
viral G2 Npidten (CheseDfto pl2. (CIZh)e bﬁEhztsomb G!Ifgmﬂcanmfiqct on other
wherein said conpound is a dimethylsuccinyl betulinic
Gag persiesping stefismet hyl succi nyl betulin derivative. 13. The
met hod of claim 12, wherein said conpound is sel ected
fromthe group consisting of
32@ ( 3Th8med10ﬂ&1f Ic}dlmll(?g:whyﬂe)n féd ehrpriunddiids,near to or at the

site ofg:;l@p‘vege of: he H}rﬁ]en(? %ﬁs ueel n@&ﬁ%ﬁhr 4 (g@ }vgﬂrebg inhibiting

i | boiti Gesd@tirh in the inhibition of
the 1@&3&{%‘/5? l{ﬁQﬂ ﬁe({t%]%ﬁlgg‘f}%?a@r)‘;gﬁmbelt ul ?nl clféag} d, © IbIHon ©

proces(s&igcﬁ‘pwnqpﬂhyl glutaryl) dihydrobetulinic acid,
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di gl ycol yl - di hydrobetul i nic acid and conbi nati ons
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cells cigmianirsaleeaapidi@l  conpound in combination with at

| | pad i
L5 b O] St PACEEL g

the group cenfi Sfekt@nglouaddovudi ne, | am vudi ne,
di danosi ne, zal citabi ne, stavudine,

nevir ayﬁb)ne agding\pi labglad sutgﬁ:aggq: thak feleggf&&cm% ?.t or near the
ri tonayl r, '(‘E}Q'S@Fi‘\é!léava%e”sgﬁ fér{aaw r, anprenavir,
r

adefovir, atazanavir oxyurea, AL-721, arrpl i gen,
but yl at(ed hynha@myﬁg;lawm;m11t1pnl pemeaoathet diwling of the test

cast anosper mi ne; cap, cre har nat -87
penci cl ovi r Co’fné’ﬁ’c}’il a]?e, P@Wélsn%t?&e%{{g? %‘pﬁs cfehvage
ganci cl ovi r g dext ran sul fate, D-penicillam ne
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peﬁt' 'd el"h-Ic;:’ mgtggc? X%’ c !al?ri 2§,Sw ne!reanzl iﬂ(ljé compounds inhibit the interaction
of HIV-1 protease with a target site by binding to said target site.

25.  The method of claim 23, wherein the CA-SP1 is contained within a
polypeptide fragment or recombinant peptide.

26. The method of claim 23, wherein the labeled substance is a labeled
antibody specific for CA-SP1, and measuring the change in the amount of labeled



ribavirin, rifabutin, ansamycin, trinetrexate, SK-818,
suram n, UA0O01l, enfuvirtide, gp4l-derived peptides,
wanviwegices t o CD4, sol ubl e CD4, CD4-cont ai ni NCT/US2004/002393
nol ecul es, CD4-1gQ&, and conbi nations thereof. 16.
The nethod of claim 13, mhg&;jn said patient is
adm ni stered said conpound™in conbination with an
i mrunonodul ati ng agent, anti-cancer agent,
_antibacterial agent, an anti-fungal agent, or _
antibagyritundt todhe Profeimet¥ themresencenof Hesd comPoHBd cPRparedrsith 2
QIood products conprising contacting said blood
roducts with a conpound that inhibits processing of
the viral Gag p25 protein (CA-SPl1l) to p24 (CA), but
has no significant effect on aother Gag .processing .
s@dps. The methed pit Haimn @f, CPEPHSIRG TFRSHENS t%%ucgange in the

el A 0y S Wi

the ps@iefofcastt copffonnt], canparbd withoa moniwdl, RNA wherein gbe adtiotad
into the rel eased virions. 19. The method of claim17,
substajse F%?'ﬁ)'@h%"gﬁﬁgﬁlﬁﬁlﬁcm}ﬁﬁf’ﬁ‘i‘lﬁ?ctaﬁ@' mat uration of

virions.released fromtreated infected cells. 20. The

met hod of claim 17, wherein the preponderance of said

vi2Bi onSThermé¢tbad ectordiogte ckameld whérent bd lahsl lis sadsdti¢dbfrom
heri cal ,. elpgﬁ_tron-dense cores th

) at_are —
the 3B, SESHRE P BSI00RT 00 I8E b g SRR | EPSRminescent
substiRe PRSberh@st PoNidhdeO ik a RRSHRBFhAILSEiBHH,-SABRSdectron dense
el ectron-dense layers lying Just inside the viral
substansabradivsotepsdng agembautior theseoino i nfectivity. 21. The
met hod of claim 17, wherein the conpound inhibits the
interaction of HV protease wth CA-SP1, which
r esul t sA infetiiddefol idunkiffih® Bo@podrde thatdalkeids IHIY -dfeglitation in
viral Gag p25 protein (CA-SPl) to p24 (CA), but has no
the cells phiap jppigtdl ceMpPEYngon ot her Gag processing steps. 22.

The nethopd of im.1 [,n ol j

near by Sonfh@id’e e pRAfh e aBbiER I HOCL B A P
p25 prot ei n ddéatagiPiite, twitlp ZAV-CA)otebdeeinetiy priatrinbé toif ragtest
the interaction of HV protease with CA-SP1 and

resul ting i rfORWEMMGhi bition of processing of p25 to
p24. 23y A ' | AIBRRANRSSn _
i nhi bi te(b?-ll V%‘%bgr}g%}}{ ggltlﬂiag%{glt %bé(g:g? ?tg of an ané| gr']rglh,tant CA
conpri sing: SRi)cleonapasitd op proGag cpmptisng a ebepeiivd prgtease
CA- SP1 cl eavcfi\gd%

contr

age!, tsi?e with HIV-1 protease in the presence of the test
compound; and

(©) comparing the amount of cleavage of the native wild-type Gag
protein to the amount of cleavage of the mutant Gag protein or
to amount of cleavage of the protein comprising an alternative

protease cleavage site.

30. The method of claim 29, wherein the wild-type CA-SP1 or mutant CA-
SP1 or alternative protease cleavage site is contained within a polypeptide fragment or

recombinant peptide.



with a test conmpound; (b) adding a | abel ed substance

that selectively binds at or near the CA-SPl cl eavage
weib@oessad (c) measuring conpetition between t RET/US2004/002393

bi ndi ng of the test conpound and the | abel ed

substance to the CA-SPl1 cl eavage site. 24. The net hod

of claim 23, wherein the comnmpounds inhibit the

interaction of H V-1 protease with a target site by

binding to said target site. 25. The nethod of cl aim

23]. whéhenmethadeofGAaigp29; whexsh saith epaprokRit iglabeled with a

| i de, f | napt [ .
fruoreR 3ot Bl 48 4TS o el AT oA oo Bbinifro opfositEifes
of thel @RedmEd cleanideady aspeictdit shidr ddtéstink loongnidesramasiringgthe

~ the change in the amount of |abeled WO 2004/ 069166
signal fom theZbwagsoed 3uBety. 65 anti body bound to the protein

in the presence of test conmpound conpared with a
control. 27. The method of claim 23, conprising
MBAS Ur Thg ntcli®dodfaitgm 29) vileeein aard (bdg mbtdimizdbleaded with two

3-0-(3",3 -di nethyl succi nyl ). bet ulinj id bound. to
fluorepqeat proistties.reach bopd ig prnasiie sidgs of Qﬁééaﬁﬁo%ﬁ%ﬁage site, and

: ’ ' t i e it R rdseBR! ey fr
whereiP BRA(eclthd E%I?Bﬁ(&g*{l%@%?@ng‘te\r’ﬁ%ué chnyl) betuline
one madsdtylto tA8 othEh thre phesencacd thadiestgompovhdi m 23 wherei n t he

| abel is selected from the group consisting of an
enzyne, fluorescent substance, chem | um nescent

suhst ange mdIRES 8F ellirs PIPRhESInORS &ffedt KAtHeNEst compound on
phosphat ase, biotin, avidin, electron dense

cleavagglos tlznGeg proadi t5i dstrctssleb yanepsuriag Hsi amaunbaf 2 beled potibogly

.A metho or i fying conpounds that inhibit H V-1
thatlsﬁéﬂﬁpﬁé%g}aiuﬂr?%ﬁ@ e cells of an animal conprising: (a)

contacting a Gag protein conprising a wild-type CA-SP1
cl eavagre site, with H V-1 protease in the presence (HA

a3test Theangbrhef cla) 33epheratethy labelne apibpay that Gy
or thd E&Eb%'dg.tﬁ&’[%%ss 5PP i@ 10Nt mofectie LAY Sh §rdi
a ‘protein conprising a alternative protease
consisting of enzyme, fluorescent substance, chemiluminescent substance, horseradish
peroxidase, alkaline phosphatase, biotin, avidin, electron dense substance,

radioisotope, and combinations thereof.

35. A method for identifying compounds that inhibit HIV-1 replication in
cells of an animal comprising:

(2) contacting a test compound with wild-type virus isolates and
separately with virus isolates resistant to 3-0-(3'.3'-
dimethylsuccinyl) betulinic acid; and

(b) selecting test compounds that are more active against the wild-
type virus isolate compared with virus isolates that are resistant

to 3-0-(3',3'-dimethylsuccinyl) betulinic acid.

36. A method for identifying compounds that inhibit HIV replication in the
cells of an animal, comprising:

(a) contacting HIV-1 infected cells with a test compound; and



cl eavage site with H V-1 protease in the presence of
the test conpound; and (c) conparing the anmount of

wohewages of the native wild-type Gag protei nPCO/USE®4/002393

amount of cl eavage of the nutant Gag protein or to
amount of cl eavage of the_g&p;ein conpri sing an
alternative protease cleavage site. 30. The nethod of
claim?29, wherein the wild-type CA-SP1 or mnutant GA-
SP1 or alternative protease cleavage site is contained

wi t hi n(l pothepeabier bisingrthe deatedecllsis depisianase vipd pertiges
WO 2004/ 06916 CT. 0 , < t
of claim 29,}09 eraefyrggé’a%#%géé%%c} %?}%a%;t Old:aggg?g% ‘gw]%tﬁ%er
a fluorescerhvameiofily @AKH frbieat ksareoaeedjuenchi ng
noi ety, each bound to opposite sides of the CA-SP1
cl eavage site, and wherein said detecting conprises
suri iy r : I ' :
TRE et o eaod i A8, 16 B AR ald HOLRRERm RS n s
the présehed @dchbséride of p@5. f | uorescent noieties, each bound to
opposite sides of the CA-SPl cl eavage site, and
wherei n said detecting conprises neasuring the
t @g.nsf he Hetfd L GARLIS, vARRIIA¥aili 1A 7iR8 R oABHES el Bk
other in the presence of the test conpound. 33." The
a westeat blotohfiral lpaotemg Sndvigeding p2heswifancntibddit fee2best
conpound on cleavage of the Gag protein is detected
by measuring the ampbunt of a |abeled antibody that is
baynd trfe SRMAT ofPAdind $H)wheddn sdidniBine Gofiprisdsaicmoading
wherein the | abel ed antibody that binds CA  or the
a gel elpetidpbdiesisiedvirhl prateisrRnd ingging loé mstpbalicallydabgedpigfedns.
selected fromthe group consisting of enzyne,
fl uorescent substance, chem | um nescent substance,
hapser atie shethg& bOXlaasks, vilckah isad phosphatansrisebiusingran
_avidin, electron dense substance r adi oi sot ope, and
antibesbthttraleF Ty bivds slsmvedai2d (RADE HBA 1o dIstngsnh P4y oy P24
conpounds that inhibit H V-1 replication in cells of
an animal conprising: (a) contacting a test conpound
widtth WA ehethodefoy idansifiisg tahpsunals dhat Safgibit A&V replichtion in

virus isolates resistant to.3-0-(3",3"- .
the cells of an am%nal comprissmg contacting %Igfsil infected cells with a test

compound and thereafter analyzing, wherein the virus particles released by the cells
are analyzed by using transmission electron microscopy, for the presence of spherical
cores that are acentric with respect to the viral particle, and having crescent-shaped,

electron-dense layers lying just inside the viral membrane.

42.  An isolated polynucleotide comprising a sequence which encodes an
amino acid sequence containing a mutation in an HIV Gag p25 protein (CA SP1), said
mutation resulting in a decrease in inhibition of processing of p25 (CA-SP1) to p24
(CA) by 3-0-(3',3"-dimethylsuccinyl) betulinic acid.

43.  The isolated polynucleotide of claim 42, wherein said decrease in
inhibition of processing of p25 is due to a decrease in inhibition of the interaction of

HIV-1 protease with Gag.



di met hyl succi nyl) betulinic acid; and (b) selecting
test conpounds that are nore active agai nst the wld-

WO RpE/069166S | sol ate conmpared with virus isol at e6THISA104/002393

are resistant to 3-0-(3',3' -dinethylsuccinyl)
betulinic acid. 36. A nmethqgg for identifying conpounds
that inhibit HV replication in the cells of an
animal, conprising: (a) contacting H V-1 infected
cells wth a test conpound; and WO 2004/ 069166 )
P&/ USBhe 4sdaged a@lynugieofidy of dtienfiEe Wheiein gaidt Aecrease in
. .....nfected cells.arthe,rel eas [r L hcle 'ar
hibich §F §ropSdve SR Hrafy ARy BLURhIERRT P

dimet%?]ﬁicbﬁ&l)b@hﬁi@i/@aﬁdegg]e CA-SP 1 protein has occurred.
7. The method of claim 36, wherein said anal yzing
conprises neasuring the presence or absence of p25.
385 Thenlaldinda orchR1dRid0 of WSRLUD, SRR aldihse in
conpri ses performfg a western blot of viral proteins
inhibiac ofigioeedsingp 25 iwsiuaty ardeantichiadye bimdpizSof I3SB aThenear
met hod of cl.aim 36, wherein said anal yzi ng conprises
the CAyPH Glsavagp site Qf&fagel ect r ophoresis of viral proteins
and i maging of netabolically |abeled proteins. 40.
The nmet hod of cl aim 36, wherein said anal yzi ng
ca6pri The isclated Eriymwtdobidelyoft daitm 9@ adicrene|spidoimudiation is

l.egv p24. (CA)., 0 Pl to distinguish p25 from p24.
1°°ate§11.1ﬁﬁesgf’étfﬁ%lagfoé)‘r’ﬁ'gﬁtifyi ng conpounds that i nhi bit

H V-1 replication in the cells of an ani mal
conprising contacting H V-1 infected cells with a test
c éfpouittic aselated epadafuctaotide aifyddping 42whdicesin seife nyitatipn is

art.icles rel.eased by .t I z&d by using

tocatel 3 el GO SREET PO K AR T ERENS BT ORI esence of

spherical <cores that are acentric with respect to the

viral particle, and having crescent-shaped, . .

e8ctr ghs disakséed zpybmgclreymc%g off uelpin i, qwheri pidy mutation

nbrane. 42 . [ : I [ | Sk

comp{Euah afing! et WebBReC 1P UKILE R 6 LA LSAMsor
KARVDNEAMS (SEQ IMN At 2)0dr KARFTABVWISESEQ2ZD Nioad)ei n ( CA

SP1), said nutation resulting in a decrease in

i nhi bition of processing of p25 (CA-SPl) to p24 (CA

bY103- 0163 isHatefl LRUAE I0mYAimP RS, Uk drilifsife bl -anfiRo acid
Tﬁg’ [ sglﬁlgtlcse%afggl nucl eot |ﬁde of1 1c: aim Algb \}\If}%r eian saiag1
sequetlecereaded by a polynucleotide which is selected from the group consisting of

SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8 and SEQ ID NO: 9.

50.  The isolated polynucleotide of claim 42, having 95% identity to a
polynucleotide selected from the group consisting of SEQ ID NO: 4, and SEQ ID
NO: 6.

51.  The isolated polynucleotide of claim 42, having 80% identity to a
polynucleotide selected from the group consisting of SEQ ID NO: 8 and SEQ ID NO:
9.

52.  The isolated polynucleotide of claim 42, having 95% identity to a
polynucleotide selected from the group consisting of SEQ NO: 5 and SEQ ID NO: 7.



i nhibition of processing of p25 is due to a decrease
in inhibition of the interaction of H V-1 protease

waoibdaoaagse WO 2004/ 069166 PCT/ US2004/ 002393 - 868TAK2004/002393

The isol ated pol ynucl eoti de of claim42, wherein said
decrease in inhibition o[tgnocessing of p25 is due to
a decrease in the binding of 3-0-(3",3"-

di met hyl succinyl) betulinic acid to Gag. 45. The

i sol ated pol ynucl eoti de of claim42, wherein said
decrease in inhibition of processing of p25 is due to

' he. bi ndin . : o .
eSS 107 el RO B R B a3 iy o o
polymiRMéotde of 881 WENQ: 10/ ai m 42, wherein said nutation is

| ocated in the SP1 region of CA-SP1. 47. The isol ated
pol ynucl eoti de of claim42, wherein said nutation is

| pcat eq i s Ci ( SEQ

| B el iR (SRR MR G AR o
42, wherein said nutation conprises an amno acid
sequence that is selected fromthe oup consi sting of
KARVL VAAMISt ¢edeonpisigs; the yegipr /M (SEQ I D NO

3). 49. The isolated pol ynucl eotide of claim42,
conprising an am no acid sequence encoded by a
p66ynudl methodefitodivinga pelypeptatt dangmisitgeingnleating the host

nsi sting of. SEQ ID NO SEQ | 1 6, . SEQ..| D NO.

cell of eSSy PEG e rogycrigg %@E}%ﬂgﬁy&mﬂﬁf@g@w@de of

claim42, having 95%identity to a polynucleotide

sel ected fromthe group consisting of SEQ ID NO 4,

afd. SEQ@ vitis ag@prisingshe 1sPhted podymackegtige pisiast 45t i de of

claim42, having 80%identity to a polynucleotide

selected fromthe group consisting of SEQ I D NO 8 and

SEQ | DANGtrov@us Sofnprisie: the loddt&bpdiohyoescide of tldin ap.

cl ai m 42, havi ng g%@bidentity to a polynucleotide

selected fromthe group consisting of SEQ NO 5 and

SEQ | D-NO. . 9 . :
I T L
1, HI®02p HUENLY, tYTL V-1 SIV, avian leukosis virus (ALV), endogenous avian
retrovirus (EAV), mouse mammary tumor virus (MMTV), feline immunodeficiency

virus (FIV), or feline leukemia virus (FeLV).

60. The retrovirus of claim 59 which is HIV-1.

61. A polypeptide containing a mutation in an HIV CA-SP1 protein, said
mutation which results in a decrease in inhibition of processing of p25 by 3-0-(3',3'-

dimethylsuccinyl) betulinic acid.

62.  The polypeptide of claim 61, wherein said mutation is located in the
SP1 region of SEQ ID NO: 5, SEQ ID NO: 7, or SEQ ID NO: 10.

63.  The polypeptide of claim 61, which is encoded by a polynucleotide
selected from the group consisting of SEQ ID NO: 4, SEQ ID NO: 6, SEQ ID NO: 8
and SEQ ID NO: 9.



pol ynucl eotide of SEQ ID NO 10. 54. A vector
conprising the isolated pol ynucl eotide of claim42.

woe3004A6tie6t cel | conprising the vector of clai RCBAS2®6/002393

A et hod of producing a pol ypeptide conpri sing
i ncubating the host cell of, claim55 in a medium and
recovering the pol ypeptide fOr’om said nedium 57. A
virus conprising the isolated pol ynucl eotide of claim
42. 58. A retrovirus conprising the isol ated
pol ynucl eoti de of claim42. 59. The retrovirus of
. Clkaim sel . for Qe cQRsi St f =
1681415 GRS r Qi Moy 80 riliplith opliites
sequeeliMit.is eslegeAOmMStha g cohdbtigyofluARVEANAMSBES ID NO:
mamary tunor_virus (MMIV), feline i munodeficiency
2) OrIQARE@AéW,(S]%QIP&I@h@-I eukem a virus (FeLV). 60. The
retrovirus of claim59 which is HV-1. 61. A
pol ypepti de containing a nutation in an HV CA-SP 1
p6dt ei The paiygheptide of tlaim Wi ehcaded iyt &n isolaed polyeadeotide
. .inhibition_of processing of p25 by 3-0-(3",3" -
whichdihiliegh ST HHLY SBueant ndithes i X@Qlynw(qle%% SRR em
the gr@&lg) Gridsih$ df SHOGHAO: S MNRDI LRAnki ol ocated in the
SP 1 region of "SEQ ID NGO "5, SEQ'ID NO 7, or SEQID
NO 10. 63. The pol ypeptide of claim®6l, which is

cBfiet stnnpolrRaidy PEREn 8 W RDREPLPRGeY RGPt 8
chimeh: SR (ol 9. VD 2004/ 069166 PCT/ US2004/ 002393

e pol ypeptide of claim61l, wherein said
nmut ati on conprises a sequence that is selected from

t grqup consi sting, of VI (SEQ I. .

KE\EM A nﬁ%ﬁy ERR S%‘W@f E@%@ ﬁgl %{é‘p% il\%éd o%‘)qugﬂce
contai@ir AMnfidaticdN@HEHTVYC ISP SRbRirewhial reaileligcl deatecassvin te
~__hybridi zes_ under _hi ghl%%l stri n?ent conditions to a
inhibigen phiperessings p2a (€At te BAt (GALDY? €U é ofgnahylsgcl)

- DNO 5 SEQIDNO 7, and 10. 66. The
bemllgigl(gﬁiﬁiépti de of claim®6l, wherein said polypeptide is

part of a chineric or fusion protein. 67. An antibody

“hi ch | Vel . . :

RN SELoCtbu g Ahindsy A N A T os W B0GEd in the SP1

region of CA-SP1.
69.  The antibody of claim 68, wherein said mutation comprises a sequence
that is selected from the group consisting of KARVLVEAMS (SEQ ID NO: 2) or

KARVIAEVMS (SEQ ID NO: 3).

70.  The antibody of claim 67, which selectively binds an amino acid

sequence selected from the group consisting of SEQ ID NO: 2 and SEQ ID NO: 3.
71.  An antibody that selectively binds SP1 but not CA-SP1.
72.  An antibody that selectively binds CA but not CA-SP1.

73.  An antibody that selectively binds at or near the CA-SP1 cleavage site.



containing a nutation in an HV CA-SP 1 protein which
results in a decrease in the inhibition of processing

woR0@As9166A- SPl ) to p24 (CA) by PCT/US2004/002393

3-0-(3 3" -dinethylsuccinyl) betulinic acid. 68. The
ant i body of claim67, mherezp said nutation is | ocated
in the SP1 region of CA-SP1. 69. The antibody of
claim 68, wherein said nutation conprises a sequence
that is selected fromthe group consisting of
KARVLVEAMS (SEQ I D NO 2) or KARVI AEVMS (SEQ | D NO

3 70., The a f [ ehgc I
b|)7ﬁds Q’]com %uglda@l c}/ﬁe%bue%cr{é%tgé gﬁp gﬁéb%g’t# \é%fé{J4l

whered® 5 conmpdin@fis £Q doif¥nd 2elaerdd Hof 1ho géap Bonsiéﬂlng Aﬂ 3-0-
anti body that selectively binds SPI but not CA-S

(3.3 ¢lznetw181mqtm@o@9wlﬁm agid) e"‘cﬁ Peb ;ﬂlwﬁﬁerésu@nb%tbwn 3-0-

o R AT LB e

O-(3', B’Eﬂi;fﬂdﬁ%ﬁ@gfa@?)z 3l|933u11m&’ lacid, (R 3¢dimethyidiutaelt ld\Aﬂ‘lhydtbbhmhmc
the et hod of claim23, 2

acid, | e GUARFOHP Aot Pl b e BB hehaits hacidy ot

combfRASH 1&%3 of 3-0- (3',3'-dinethylsuccinyl) betulinic
aC|d, 3,3 dlnethylsu00|nyl) betulin, 3-0-

(3' d| nmet hyI glutaryl) betulin,

783 2 Spdietivd sucebanl) dbnydtobet ikl 1 5 2k toutis

accor(lfﬁgt@ cta% nﬂt B}y 3 ghaﬁhﬁﬁé’dh)caﬂijl Qé/déﬁﬁbl%t ddltl &t ordeddiug thereof,
di gl ycoly etulinic acid,
anda@h@mdwgwymﬂvybﬁmEW#dW@@@IuI|n|c acid, and
conbi nati ons thereof. 75. A pharnaceutical conposi tion
conprising one or nore conpounds according to claim
746. or M phhaidteaesal cembbiitiat cepbatihe asadnipovadti@entiiied by
pr odr thereof, and a pharmaceutically acceptabl e
the meghod; @tg claims 237 2Bh3?.ms eutdle stid composition darthe riompsisng &
d identified by the nethod of claim 23, 29,
anha%%FE%%P or 41, said conposition further conprising an
anti-viral agent. 77. The pharmaceuti cal conp05|t|on
of _claim 76 which conprises, a di thyI uccij
beflul i nitke AbppnaseuraketmRsiHoB] ﬁ{t}l Wt (P i g r?QPéWS\?% a
dimeth1sud S IRBATIRCRNY b BincARIROS Y RAR] déthalive. 76,

erel COITpOUﬂ

78.  The pharmaceutical composition of claim 76, wherein said compound
is selected from the group consisting of 3-0-(3',3'-dimethylsuccinyl) betulinic acid, 3-
0-(3',3"-dimethylsuccinyl) betulin, 3-O-(3',3'-dimethylglutaryl) betulin, 3-O-(3',3"-
dimethylsuccinyl) dihydrobetulinic acid, 3-O-(3',3'-dimethylglutaryl) betulinic acid,
(3',3'-dimethylglutaryl) dihydrobetulinic acid, 3-O-diglycolyl-betulinic acid, 3-O-

diglycolyl-dihydrobetulinic acid, and combinations thereof.

79.  The pharmaceutical composition of claim 76, wherein said antiviral
agent is selected from the group consisting of zidovudine, lamivudine, didanosine,
zalcitabine, stavudine, abacavir, nevirapine, delavirdine, efavirenz, saquinavir,
ritonavir, indinavir, nelfinavir, amprenavir, adefovir, atazanavir, hydroxyurea, AL-

721, ampligen, butylated hydroxytoluene; polymannoacetate, castanospermine;



Is selected fromthe group consisting of
3-0-(3",3 -dinethyl succinyl) betulinic acid, 3-
wO0-20@7068i66 di met hyl succi nyl ) betulin, PCT/US2004/002393

3-0-(3,3 -dinmethylglutaryl) betulin, 3-0-(3,3" -

di met hyl succi nyl) di hydrob iﬂi nic acid,

3-0-(3',3" -dinethylglutaryl ) betulinic acid,

(3,3 -dinethylglutaryl) dihydrobetulinic acid,

3-0-diglycolyl-betulinic acid, 3-0- ) ) i
contragingyl gremieyphaghhigtr 68eY7ulpen¢icloati dmeipleve o ABYCHAEY, orytofovir,

.thereof. 79. e phar eutical € I Ll i [R:
ganciclghir bt BREROTPgne iR IApaRI el Tuffi
acid, GPAUR eABakhideNBordiyhdIdpatiisthidtne ikehiovibd] peptide T, phenytoin,

di danosi ne,  zal ci tabi ne, stavudi ne, abacavir,
isoniagisly. ribapirive rifabatinyansamyen, tsmeiiexenzS K-$4 §uitkapin, UA001, and

briéon “%b i ndi navir, nelfinavir, anprenavir,
COmOIRHPER T %tazanavir, hydr oxyurea, AL- 721, anpligen,

but yl at ed hydr oxyt ol uene; pol ymannoacet at e,

cast anosper m ne; WD 2004/ 069166, PCT/ U 2?01/002393. -72

_c &Rt r adds; Pheraeupeal r seameRitiopigeiainy d fc fEhsy jcpmprising an

imm%é%%hﬁllaﬁﬂ%%%ena% ﬂgéaﬁceri‘:a% 2 QY biiti-fyr@8DSdent, Qi dhrti-bacterial

ran s at’e, eni c amne trisodium
agentphaspitanaions thetef. fusi di ¢ acid, HPA-23, efl ornithine,
nonoxynol , pentam di ne isethionate, peptide T,
phenytoin, isoniazid,. ribavirin, rifabutin,
angany i thedd df'a%%ehﬁa&ﬁ\ﬁg%if anfn@IRualSiy id8ited wiHhHAO-1 and is
conbi nat i ons t hereof. . The pharmaceuti cal _
susceptibipaei tréatmersfbyc h aiomppend fthattinkibite pap rire¢asgingrihat involves

L dyl ati.ng agent,. ap anti s ce nt . .
i SRR L8, B9 St RRPLRE! a8 hing e e
viral RARIdataiRNSutaNSALH theBkquéhcBRINBOEN S fthe BdghdnTbN itRgCALSP1
an individual is infected with HV-1 that is

cleavagrssitept i bl e to treatnment by a conpound that inhibits
p25 processing that involves taking blood fromthe
patient, genotyping the viral RNA and determ ning
whet her the viral RNA contains nmutations in the
sequence encodi ng the region of the CA-SP1 cl eavage
site.



