; €3eLRR6T H A RETROVI RAL | MMUNOTHERAPY FI ELD OF THE | NVENTI ON: The
present :invention provides a nethod of treating a retroviral infection in a

mammal i anygWhiggk. Mre particularly, the present inventi @ar@YjosAs 2
met hod of treating a retroviral infection which |leads to an

I mmunodefi ci ency-rel ated di sease in a human subject. BACKGRm’
I WEW“WMMHWMMn i mmunodeficiency virys (H'V) induces a mmmmmmmd
progr ion leading, in the vast majority of cases,

devel opnenfsphs t he acquired i munodeficiency syndrone (AlDS). There are at
|l east two distinct typesAOREATROVIRAL BMMHNOTHERAR¥Ns, HV infection

eventual ly | eads to i mmune i nconpetence, opportunistic |nfections, 15

neur ol ogi cal dysfunctions, neoplastic growmh, and ultimately death. HV is
a menber ofmmwm retroviruses. Retrovi ruses are small

envel oped virusephd ?éseﬁ?'iﬁ@édhcﬁw. Wé?‘s & hle® H&nggjﬁx P' replicate
via the insertigon o I.nter late 1nto 0S ced by a
viral ly-2nc eatl%%ﬁgeaméﬁ%@m jacte Meyeparticalar eategsqménwétm or 20

exanpl e, onpeggfbsa dtisdof drbakinga fefiral gfebtioh SwiieRi1aadd i‘dJe&?S

(HTLV-1 I | L ne virus, .a nurine type C

retrovi ruseémml‘if@dﬁ?\?ﬁﬂ%faﬁe?%a&da%qaée&%ﬁé}lg?%néﬁbléc iral core, conposed in
part of capsid proteins designated p24 and pl8, together with the viral RNA
genone and ghese&s OF §5# fl@%ﬁ‘fl rly replicative events.

Myristyl ate PT Ot Eer 1T 1.0l M5 alT out er viral shell around the viral
core, Wi ch is, Humanmmanodefineagyhyrus (HIF) tndwaeisreaapersistent ansk deri ved

fromthe i nb?&ér@éjslﬁ@iﬂfeétwmrlﬁem tﬁg%agﬂnﬁﬁgfm’tgldf%séé”te & 9l ycoproteins

are synthesi,zed as a . si | | odal t rsqr protelnwhch I S
cl eaved by deyelopment Oﬁnlé‘? ayr }mﬁgmﬂdteﬁpwe@aew rerped Mg g b@@[ﬁﬁ‘%tﬁ‘l ns,

gp4l and gp&e&asgmﬂddmﬁcst;apésrcafrfmerﬂmwmendlmmm qhehdmm@l HV1d{fedtioran
e| n renmi NS _non- cov ociated with

t Il ul
opil - possi BRI et R R erer G RGP APGERRON | pander c
and H Viassaoeimlegicdl égﬁaaetmngrrm:@ﬂnsm grajvoh, amat tittimetdly depthobl em

Al though consi depaple, ehdifnt, bEnhabRG RS AANG o lofBgirles] eifbyipldaaet | ve

therapeutlcs current f/ no curati ve antl-re erap
agai nst Al Deresinal envalopedanpisesithatraninisy single-siranded genome, @ﬂ@t ages

of the HV Iré;ﬁlfceﬁyeiaetmam@eﬂﬁﬁﬁof:@mﬁﬁheﬁneamft@ﬁ&ettﬁef}sttﬁr\% P@dﬁdeﬁ
I nterventio a etd%{» 1991). Attent IBHR has been give

devel opnent %Bf 5-RBSO retVﬁeetﬁre%%%eseof oy IpHPEH LS oL rfnw 1
envel opeo Pr kal@iie (ogmb@@nmg@ﬂ:ib@s s0PH b} hitawen Xa%gl lehkumia Gnﬂmgeé (I@THV}Ier
antigens fo n ents (Barin et a
1985) . Thus@ f?%ereu(r;éreg%g ﬁg%s gB&ﬁeﬁ%‘ém%ee % Ve Fost prom si ng
candidates to ac"t[' he Hl¥riralarestitly consistipt/a winat coes, cteumczspdentpar’SdVeral
groups haveg ad rbfé1H§ﬁeé‘i ﬁaeaspﬂpaﬁd P18, t%geﬂl%}%z;h HanN?’(géncﬂﬁél as

| nmmunogeni ¢ t g ts for host. | nmun ystem 5,141, 867
ire

92/ 22654; R %?@ZYW W@rﬁﬂl@re@}éyeeeb@ tDeMﬁl‘tSéY F%E&agefforts

an effegsi V@rcﬁ@ﬁﬁfdiﬁmﬁélﬁ @hféﬂvlfaqrshbn%.rélﬁ.ﬁtﬂﬁ@ﬁirapéorb" Which e tih @arhias not
been devel ope

for treating" ETOPEB% b lp}%h‘g\é’? nl{ﬁhgréneel%\ll)ledde Tived fa l tet Rahfeckdd'd gl?t her apy

membrane. The HIV envelope surface glycoproteins are synthesized as a

single 160 kilodalton precursor protein which is cleaved by a cellular

protease during viral budding into two glycoproteins, gp41 and gp120. gp41
30 is atransmembrane glycoprotein and gp120 is an extracellular glycoprotein

which remains non-covalently associated with gp41, possibly in a trimeric or

multimeric form.

HIV infection is pandemic and HIV-associated diseases represent a

major world health problem. Although considerable effort is being put into
35  the design of effective therapeutics, currently no curative anti-retroviral drugs

or therapies against AIDS exist. In attempts to develop such drugs, several



15 SUMVARY COF THE | NVENTI ON: The present inventor has noted that at |east

t wo, popul ati ons of inmune cells are produced in response to retroviruses
whi ch i nf\gpto2/isgagal s. More particularly, the inmune systepcqiavdi/gviivel
infected with a retrovirus is 20 capable of nmounting an i mune response
agai nst the virus through a group of cells herein generally referred to as
"effector cells", however, a second popu ation of cells are al so produced
which regulate the "effector cells”, herein generally referred to as
"regulator cells”, limting the manmal 's ability to effectively control or
eradi cat e tdtagasedf el BV lifnéRrilé hate béén Ybhbiderdtbds wirgdts ier therdj®dtidn t ed by
theory, it i &rﬁﬁosgm ha%lfg;ua:lmqé ﬁ)nt ain many sequences which are

honol ogous BreERHOR %%B' o 18tk ovi ral sequences fragnented throughout
their genone as Attentien has ibee igivenl tenthetdevekupmemti ofglagcinmsdoethes encoded by
_ these sequ Y, i se vselt ri t he

* i mmune resg'gﬁ?}é@o"fgﬁws%%‘%ﬁi ?ch 'on © §/fe% reé{}rgggﬁéfl@pq%g‘;%%%ﬁﬁ al so be
parti al 15 rgR&igiiavedeasn shoatt to be the majay artigenmfonentiyHiVesntdbadies ity to
mount a sucgRIsAHIn ATPYMarbRRPEASE: ot %QBBP.p'?ﬁ?(E) fa ,Eh%r@ﬁﬁ&, fhispart, may

TN
explain why up until now It has been %i’ffl C evel op an effective
vacci ne agaPideing sgen the mgpt promisimgeanidates g achacantigensifgeanty
Rakowi cz 35HBZ whczmsd@vga:qﬁnﬁ@% vwdeeal%rbﬂ@@&aa@degfﬂ@@a P@@?aﬂ@ﬂﬁpéﬂwm t hat
sonme antigen ci t ast_cancer _ar cul ar an
ool og o #1100, ez antlox ePkE B ipfRHiaRenL frdgh B2 st fimpme
obser vall onsystemd Uke144m86¢; V0 9312065 4c A0eI1409872; W01 90/0M 1904IS et al .
(1995) haveg b@B,Ojdzi.d D%tht@?ﬂéss%sefiﬁﬂsf Qn%‘ffégtib'é Vh&ci‘g@ sﬁ%kééﬁé‘ﬁﬁ (e th
aut oi mmune di seases such as 9 ogren s syndrone and syst c l'upus
er yt hemat ostsatomptofdiibinfectioBhasos begr Hevelopedhe human genone dat abase
with the human imhRapadeht ﬁh?e&'ﬁﬁan}bfo‘&?d&edipﬂ%eﬁﬁ’{’élﬁﬁﬁﬁﬁlo‘tlﬁ‘é’ﬂaﬁﬁtf@ﬁ many
regions of significant jdentity between the two genones. It has al so been
noted that VFREURGPRIEITOBIALIMRFUMF effector cells expand in response to an
anti gemsbefore the regulator cells expand. This provides an so opportunity
to prevent Miwmy, the "regul ator cells" whil st
mai ntai nin = ordingly, in a first aspect the
present inventi chhepoasedénweniet hagnotedtthebat legstatwaepopulatiahs of immumn in a
mammal i an subj , : sy adm.ny Il uRjeet a
conposi ti on%\}}]&fﬁlﬁ ?Irr???%ggté@9‘%?@%%3%%&%@%%@&&%&@%@ eééj g{ gct or
cel I's di r ecPedicagaalyistherimmpae spsipruef a mnansabidfgoiediwith adetievirerisng to
the subject caphhag e imdMiitedl A imbiidife fdBoRELEGHEOMe firusthdoRsh H@S6HPYS,

regul ator cell wherein t timng of "gdm nistration of the agent is
sel ected su® Cﬁ#alElerLeHég%%‘?r?ﬁyﬁgﬁe%tW@SZ'??PSEEOSFGQ%JI’ ﬁgweé'emsegggai ficantly
reduced. 2opdpelatioaraf ¢ellzyarevalse produbed viibk regutber thedvfféotor aells'yi ty, of

Cfoct g : ' . ; e
ot col e, SR by SRR R R BT, .
for exanpl eto effertivily cpnirokoneradicate ithg eeteawriraliinfasgionhe virus. As is wel |

known, feal th WOpKATsS n%wvigszg%%qﬁﬁﬁt@awﬂ%oﬁ,%iso%mbbs@d thetlRahhRE

t hrough needle stick 25 injury. Simlarly,” the ‘gener public are al so
exposed to PHREIRZATSF SAAEHE W@P@bé@éﬁ@%ﬁ%@@g,mﬁa% PERYS 0N t he
beach, and retgerirdseguehcssUedgmynieddhsougkivriteheir genopemssitsiplediesttableposur e
to a retrov'h]{gus tgartciccu .ar{}y Hc|>t\é t he %%;jglan sub'tect coulg utilize the
met hod of t Hb% 'erét PHVERD: §AC ;3‘&? e oHeSE SR e%ﬁéélé%f ?nvention can
al so be usetkaognisedats "selfbdurihg davsloppett oftthe hmhamdrmsponsd.ected with a
retrovigds B}g{gq] 1 : : hﬁﬁ“c . uhhect has
al readyé(ﬁee%me)%p.se'&tl%lfog%%lﬁ@l%??%\g?‘%lﬂgs, t 'eﬂg élyst?%lgér&o tlaﬂéﬁéﬁ%ﬁr&g{i%vi ral
anti gens mayselisadmitng theimpmamecsystarns abliy) toraepahs suggessiud ibsagaent
oppor t uni t yrdspoabk atrdiid PRopRal la@iddst iiPpadPniafeS@ I A8WEY upChtilSnow it fias

been difficult to develop an effective vaccine against HIV.

Support for this hypothesis has been provided by Rakowicz-
35  Szulczynska and co-workers (1998 and 2000) who have shown that some
antigens associated with breast cancer are molecularly and immunologically



Subjects infected with a retrovirus can be treated with antiretroviral
drugs to keep the viral Load |ow. Such subjects also could be adm nistered
with the wompeshéion to initiate a new effector cell inmuperngaspoeinge wWhil st
t he subsequent adm nistration of the agent would ablate regulator cells. 5
In a preferred enbodi ment of the first aspect, the agent is adm nistered
approxi mately when CD8+CD4- T cell nunbgrs have peaked in response to the
adm ni stration of the conposition. Further, it is preferred that the agent
is adm ni stered approxi mately when the nunber of viral particles has begun

totstabit Ihi mmlgit@p&gm@s éaﬁ;d‘d@liltbgﬂmr@-' #acﬁmnfj n@tcstastem?idﬂs Ha{v@ b@leﬁ{madéi ]gn. I n
e ano er r erre e | (o) | spec r.e [AA |on O

Yt eator odef bt caRCef R adi annaol B oL (iSin RRE o palET nBtefiese
conposi t i orwhithdhindddf-ilsiaspadiends woth awoimmunrediseages| sypobmsiJJegreRisef er abl vy,
o v \ ; . . : 1ge . 1
vacei e coryAdPSRERERl &ifer RKISPheRRLAG, S iEma, BHRASPLERLRO @
phar macéut i&he jiuanee geaome desahase with/bhehpmamcnamiupodefieiensy sime f ur t her
conpri ses apnagidiy ncé@iﬁdl@&ﬂ%@b&gbfé%” ama beifRaht ﬂféﬂtﬁ%lb%)iébfipiﬂede i's

f 4
provided to the subJect by adm ni st DNA"vacci ne encodi ng t he
retroviral Mi8GERNeS 20 pol ypeptide. In yet another embodi nent, the

anti geni ¢ pol yp@phaglalsbherh@ibted thdtaht helasivbjmRahbénofidiecennslignikpandof a

Wt hdr vl BroRT ey rh 6% Pt e iatBarrSF BBl TR e 2
expansii®n ofppefrfudtyto pehent dompretuction ofeordestyeytthe"ragaldator eells'nf ect ed
subj ect. AcgR{ish ﬁqfﬂmﬁ%ﬁﬂ%ﬁ‘g&él&he time the agent can be adm ni stered

to ablate the regulator Ce . ut the need to administer a conposition
as defined her eiffcoraingly.one first aspest dhe fressps dnvantionpproyides a meshed on

provi des a dfardidthgd® rétrovirdlahfdtdiod in AAYArAliah BliBfet,3Re MRethofBMEI | an

subj ect, the method c TTFI"I SIBQF% exgom ng the subject t&’&‘ ntiretrovjral drug
t her apy, arftP™eBBEEE NISTERBIP 48 SRIGC B CORMPOSTHATE WG 1RJB#MESRP ch

i nhi :)i 115 tgmmbéfuﬁtdéﬂm?fécti\?ﬁéﬂ, @ffe@k@ﬁtél@ﬁire}éﬁ%tﬁgﬁhf@t th@h*éﬁovmﬁ'@ra@idln g hg
agent is admnister .er .the antiretroviral drug.ther s concl ude
and a 35 resgms?g“%nt&agﬁgpbsﬁerilpg ﬁ’e{ o%}}tql%q\{ R hhin: o1 é"%ﬂﬁg lpﬁﬂ%ﬁ}% n increase

i n the nunbpmoduatidhmf, and/ov deswoys, ségubforcets, whktaindhe dioning afgai nst t he
retrovirus, : : 1 L i Ll 0| s t nt is
sel ected suatl: gﬁ%ﬁraﬁlﬁg?’gﬁ?%% 1%)? @i'g?@ggug?ldﬂygﬂlz& %‘gﬁ‘t\lggogfhgenﬁﬁcg%ﬁt |y
reduced. | lsdﬁélpélsigéﬁfléﬁ%t&ﬂﬁ@@ﬁdof t he second aspect, the agent is

adm ni sgeer ed appriers e ehahyads FDFHEEM thelnGfiber Nattd)er activdivg dfedleetbri N S
response to tre .conclusion of the antiretroviral dé_;ggtgher%%. Upon renoval
of antiret rEUFTHFOUFASBRNSE aB5UPHEUS PRt Pe tRGRpass S tRgplisea e, sec
Daar et al.will®68)r biflahdnadwartdrs infecsionexithrihe eatravidhigrfonekampld, an of
effector ce i t I hs . OVi I US i 1Nt bilize the
Viral | oad. f PR s AR CoRBIAg B Vb S s WRCRE e, Rl 20 el
or begun towegeksreasnd raseaschensirungba kiskiafatiral Hefesgiontthsough dedste stick

admi ni sier eghi i i ek i second
aspect ,ﬁfheﬁ?agé‘?f’iihiflgﬁw%eﬁ‘%?? ‘1-"2‘%%?0&;@#5"2?* R0 T T hroe ™
particles h Heyringes ppaytisuiaslyen the beacl @bd mysgings akith such esponse to
the 15 concéyrpiges. dfhdrbforantipdebispectsd extiostrs kek apirovirugfpirabhlarlyt he agent
used in regg'[gt%3 cel | albl atjon is ﬁgéﬁﬁt eclE fro%@)ep%gu consi sting of
ant i - prol i ferat HeOFrTgaliag SuPges oy 128 hg 1pe eHids

speci fi cal | inventieB4+ T cel | s. Preferably, the anti-proliferative drug is
sel ect egy from t?@&h&&iﬂo&%@%ﬁé fe@gnffencx}téggi%aéa&f :{lﬁ%ﬁ%s@&*ﬂé{%feﬁté{' nbl asti ne.

20 Preferably, e retrovirus rs se ! romt g%roqp consi sting of
* H V1, H V- 2mammelian syhjeqtmshioh has been infected with a retrovirus for some time.

Although the immune system of such a subject has already been exposed to

the retrovirus, the addition of further retroviral antigens may lead to a further

effector cell response with subsequent opportunity to ablate the regulators of
35 these new effectors.




As woul d be readily appreciated by those skilled in the art, the nethods of
t he present invention nmay be repeated to provide a nore conplete treatnent.
25 Pref ergBloynzdeke mammal i an subject is a human. In a thipdragpesiost he
present invention provides for the use of an agent which inhibits the
production of, and/or destroys, regulator cells in the manufacture of a
medi canent for treatment of a retroviralginfection in a mammal i an subj ect.
30 In a preferred enbodi nent of the third aspect, the agent is selected
fromthe group consisting of anti-proliferative drugs, and an anti body

\MB: cth bi ndfs tsﬁecsdbjéétlshﬁfefo{b@ﬂth a re@fdvius éarh B@@ﬂéaﬁaﬂp@ﬁh AitiretrBoftapbove,
a ation o e

tor | at i naII 0 ulation to
" reduce or e‘#%ﬁéat@ Hﬁe Vel QIW | DUEh g4 l?ﬁt a?ﬁ?oﬂ @‘éﬁ‘%‘??%ﬁ
effectors (with the coehpoditibarahsitiates hent sffejtohesl] memnerspense whﬂ@t

Th h ' : " ' h
onprt ses 1 SRBEEEn SRRIARL S UPhE: oS BIRIOTE abl e nBllanly R, TUEC 20,
stated enent Inra p@erreg eghmdiment gf thepfiest aep@qtethesqgemweg@mm@ters eps,
but not thea kﬂﬁhfsa}%%hammw?m etegﬁfifumbél%er@% éﬁéké& P respondé ¢4P of

el enent s, I'nt eger, r s%ﬁ) e invention wl el na be descri bed
by way of tﬂ’@ sdHRiHAHOR ok e eemPAgitiongur es and Exanpl es. BRI EF

DE}?SCR{ Egl ONt G:L;Figﬁ/léBAWM refelfedrihab ke en-alle 1§ﬁgﬁﬁﬁfs$@regfao ﬂﬁhaitgly?finreﬁ ce

i Wi < Si S Vi Sti

(6o ko - pReBAhEAEEDB gnEt AacHolzs hag heguR o SULER PRRTE® F gur 6 3

Spl een ti stfdlkagmmgfadmnﬁma‘lomefmempomma 10 weeks post infection. 15
Figure 4. Prote fr

Vi gbl astine therclé{l Plad o@%%e%?ee%é 1%% @ﬁ%ﬁ%ﬁg@%ﬁ ﬂtgagﬁdcggeg&ﬁﬁgwfl&?l ow ng
protective & efifecier C@*iés irhen a}fycted:raannn gliares@bject dasche athigugd by avi nbl asti ne

on spleen c B R d m ce
(MAI DS-) . n&gﬁl E%ure 79&?0(?1&8%@‘?1* oéu?&le&itr ﬁé@’?ﬁ&%ﬁ?&ﬁ (B)cg? %E{H& re 8:

ran
Spl een cel I't her%n%seéwgpplmmdmswwr@@géat Bpleqt brad ﬂnm;s elRGBre 9: In
vivo depy et vmlﬁ@@@mp@ﬁ@th@fe@ﬁmms axﬁimﬁ@pé@pebﬂdwana glepl etion of CD4+

or CD8+ cel] ost ection.
ﬁarmacenﬁlcaﬁllypacceptame carrier. Iv%ore preferably, the vaccine further

comprises an adjuvant.

In another embodiment the antigenic polypeptide is provided to the
subject by administering a DNA vaccine encoding the retroviral antigenic

20 polypeptide.

In yet another embodiment, the antigenic polypeptide is provided to
the subject by the consumption of a transgenic plant expressing the retroviral
antigenic polypeptide.

Withdrawal of antiretroviral treatment typically causes a rapid re-

25  expansion of effector cells against the re-emergent virus in an infected
subject. Accordingly, at the appropriate time the agent can be administered
to ablate the regulator cells without the need to administer a composition as
defined herein.

Therefore, in a second aspect the present invention provides a method

30 of treating a retroviral infection in a mammalian subject, the method
comprising exposing the subject to antiretroviral drug therapy, and
subsequently administering to the subject an agent which inhibits the
production of, and/or destroys, regulator cells, wherein the agent is
administered after the antiretroviral drug therapy has concluded and a

35 resulting expansion in retroviral numbers has led to an increase in the
number, and/or activation, of effector cells directed against the retrovirus, and



DETAI LED DESCRI PTI ON OF THE | NVENTI ON: | mmune Response to Retroviral
Infection As used herein the term"treating” or "treat" nmeans a reduction
in 30 retywewe13ds! 0ad is achieved. Mst preferably, the reraMoidiorboad is
conpl etely eradicated. Although the precise nature of the "regulator cells"
has not yet been determined it has been established that these cells
i ncl ude a subpopul ation of CD4+ cells. 3% CD4+ cells express the marker
known in the art as CD4. Typically, the term"CD4+ T cells" as used herein
does not refer to cells which al so express CD8. However, this term can
i ncl ude T cuthegeinnthetimirgpofadmidstratite of dm agptiic setactedrssichuthhat He CD25.

Al t hough th I <o efef I " has not yet been
" determned, g?t?h?gbﬁﬁfgév:ﬁwEgtlﬁshﬁe.és}}%@lfﬁlcgﬁﬁgg?‘g‘géeécﬁ he T cell population
known as CD8+ celnl &predsriad eanhnsimient of tee seqomd asipeat éhe agentdl ati on” when

. referring tgdi8isexBaeppfoandtéls whesWss-oCDeet @il 4embess H@@@eﬂ&arm t hat
the nunber, and/or a t|V|r}%, of r(%gul ator cells 1s down-regul ated by the
Cfgﬂcq ugiaRRE

agent. Nbst TGFPOPEs Ep e e apdirgroyralidrug therapyr equl ator cells is
c ]9rrp| eg /el y eradi Upbﬁgemovhhﬁf émixi%@mﬁrﬁll Ageptiseruby elllge tirhl hifati inBfeaepduct i on
of , and/ or str equl at or agent .can be any factor, or

treat nent W&%Eﬁxé)%lﬂ%%tslgeﬁ ! 8F gﬁo@sBL i@?&%ﬁu}tsﬂgﬁﬂ ‘?’g’ai)fﬁlqlh%n@ Struction,
or the inhi betivasiorobf effiectpr callcdirested agaiift thegrdtedviruscwhich bégin texanpl e, a
CD4+ speci f al gl . Qﬁ,c‘;", i qat Ils.
However, inbgg?rig%‘éi ﬁ%ﬁﬁ%ggég ?@F\LA ?gﬁ%%&a\?e agé%ﬁﬁé%ﬁﬁtﬂgau%@&g&%as an
ant i - pr#fl i f BPaked; @rdegynde dearsicge RBAT thismeals thahthmagead sheyldibei di ng cel | s.
The term "ap8hrpistérefier ati ve drug” is a termwell understood in the art 20

and refers to any conpound, that destrqys divi.di.ng cel or inhibits them
f r om under goi ng %(‘GF?I}EEP&& Bt ¢ ?%‘itg?’i BW%II&?I‘S FUWP%PEF Qh KPngLsPach ude,
mechl or et hatheegertys hdnﬁﬁﬁlﬂéradiag@roiifrmélgmvﬁén the hphilearof viRll pastidlesi |,
hexanet hyl - ﬁgL gn%ne t hi ot eﬁé, usul fgftn“car rmgt.i ne, | onustine, senustine,
strept ozoci Ha° HSBAThAS INREUD fe HRGTERES ATE! P RSRKPAEPPOnTs BRI di e,
cyt ar ablfe, casclwsiaraqt ysartitetrovirtabduggniheeapypent ost ati n, vi nbl asti ne,
anhydro vi nbl aStPfé‘?erbalSlcyﬂ%é %Féﬁteuseﬁtﬁpx%ghfé‘%or EANLPARibHGs sEREIIITHCIHR.
daunor ubi ci n, doxorubi ci'n ‘eor%/m n, pPicamycin, mtonmycin, .
L- aspar agi n858IP ePRIstaRg af ani-ragkfera e drugsd rasligipreand e eatibady yehich
i g ot ane, agmmép&eﬁ{mgy tdmm#e%i ae1|a§>.n pretfbitﬁMﬁg%B ?ﬁaﬁtegﬁoleff?@]ﬁv@a?hgﬁg e,
medr opr agest er o cetate, nmegestr acet at.e, ., e sti strol,
ethi nyl ot PaRBR o Beitrah CpaBos f SHDIRH AR ehdaBRYER VR A
i sotope2) ricin Preféwably, thaxetirovidupiy dedediad fm theagrbupsconbistingpsf HKGL oxi n
A Timng o Qsi he h8&t,t 0 the Agent 35 As outlined above, the
present i nvfé‘h I ogzs’r}gﬂi‘{égl %ngluﬂ*}g‘%%'servati on that the relative nunber of
effector cells efpaveiddihe reedijynppreciated hintliage skilkedoinethe art, the
methods of the present invention may be repeated to provide a more
complete treatment.
25 Preferably, the mammalian subject is a human.
In a third aspect, the present invention provides for the use of an agent
which inhibits the production of, and/or destroys, regulator cells in the
manufacture of a medicament for treatment of a retroviral infection in a
mammalian subject.
30 In a preferred embodiment of the third aspect, the agent is selected
from the group consisting of anti-proliferative drugs, and an antibody which
binds specifically to CD4+ T cells.
In each aspect outlined above, ablation of the "regulator" population
allows the "effector” population to reduce or eradicate the retroviral load as
35  any down regulation of effectors (due to self-tolerance mechanisms) has been
removed.



8 the regulator cells. Accordingly, as used herein, the term"the activity
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proportionally greater effect against the regulator cells than the effector
cells. It is clearly 5 preferred that the agent is admnistered at a tine
where the ratio of effect against the regulator cells to the effect against
effector cells is greatest. It has been reported that after the initial
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10 of the dEORRARED BESCRIPTIONIOF TEHEEANVENTIONW in the art, for exanple
RTPCR, coul ‘i’nﬁ&fﬂéﬁgsﬁ&smeiﬁéﬁoﬂﬂl%felcﬁgﬁ in these circunstances.

As used herein the term "treating” or "treat” means a reduction in

30 retroviral load is achieved. Most preferably, the retroviral load is completely
eradicated.
Although the precise nature of the "regulator cells” has not yet been
determined it has been established that these cells include a subpopulation of
. CD4+ cells.
35 CD4+ cells express the marker known in the art as CD4. Typically, the
term "CD4+ T cells” as used herein does not refer to cells which also express
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25 mercaptopurine, thioguanine, pentostatin, vinblastine, anhydro vinblastine,
vincristine, etoposide, teniposide, dactinomycin, daunorubicin, doxorubicin,
bleomycin, plicamycin, mitomycin, L-asparaginase, cisplatin, mitoxantrone,

hydroxyurea, procarbazine, mitotane, aminoglutethimide, prednisone,
hydroxyprogesterone caproate, medroprogesterone acetate, megestrol acetate,

30 diethylstilbestrol, ethinyl estradiol, tamoxifen, testosterone propionate,
radioactive isotopes, ricin A chain, taxol, diphtheria toxin and pseudomonas
exotoxin A.

Timing of Exposing the Subject to the Agent
35 As outlined above, the present invention relies on the observation that

the relative number of effector cells expands in response to an antigen before
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Techniques known in the art can be used to monitor the growing
30 population of regulator cells following the stimulation of an immune

response.

Serial blood samples can be collected and quantitatively screened for

all CD4+ subsets by FACS analysis. This FACS monitoring will need to be

maintained until the regulator cells begin clonally expanding in response to

35  the stimulus. In most instances, this time point will need to be empirically
determined in subjects at different stages of infection as their immune
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The antigenic polypeptides can be provided in any manner known in
the art which leads to an immune response. Antigenic polypeptides can be,
35  for example, native, recombinant or synthetic. Such antigenic polypeptides
include, but are not limited to, viral proteins that are responsible for
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by the € fec 0
to one skllled in the art. Typlcally, such vaccines are prepared as injectables,

or orals, either as liquid solutions or suspensions; solid forms suitable for
solution in, or suspension in, liquid prior to injection or oral consumption
may also be prepared. The preparation may also be emulsified, or the protein

30 encapsulated in liposomes. The antigenic polypeptides are often mixed with
carriers/excipients which are pharmaceutically acceptable and compatible
with the active ingredient. Suitable carriers/excipients are, for example,
water, saline, dextrose, glycerol, ethanol, or the like and combinations
thereof.



2. Further Characterisation of the Day 14 Therapeutic Effect 2.1. Spleen
histology in Vb treated mce at 10 weeks post infection Spleens fromthe
Day 14 piwdahsgated mce as well as infected and uni nf ecipeg/aabid m ce
wer e wei ghed and exam ned histologically. The 5 splenic architecture of all
MAI DS i nfected m ce was profoundly di sorgani sed as previously reported
(Hartley et al., 1989). In contrast, gisplenic architecture of the Vb
treated mce with normal spleen wei ghts 8be| ow 0. 25g) was i ndi stingui shabl e
fromthat of uninfected control mce (Figure 3). In support of this

hi Isltol ?gi Ca:]I datIﬁ,ad@liﬁbh[Tifrdﬁt%Med%@'%&fhﬁﬁﬁ Qﬂnfﬂ@n%r@@@éd@tis%lfm spl een
cells from rea a ul ar

" proportions® g‘&%gfn%‘?‘?cf IW%S e f ‘?TPV\TSF%'B%??%‘?{BS’Y\EI&@“?&‘?S% obser ved
i n nor mal mgemﬁa@mﬁomd;avéﬂﬂtmhmhlerﬂfmwa)the 2ffactivemgstof the pacdinet i on from
MAI DS devel opnen g " I f the

I nfected m cg vve}rxsé{lgéc} ﬁ@fe’i’ %{e}g g %V% I%gglﬁisdgg}]%%%g% aiipl‘{}’% the Vb

t r eat mert vﬁ@cm%}l}yembatmeﬁrtbe uxlmmwne;mpen@mymn antigpniogradypeptidee t reat ed
i ce wi th ViRudblda ajdﬁuﬂin YhipAh b uBIEL0NARHS Bt af]é)nstxglg%% A

Th |
\T/e(r:S prote e{:% Zﬁm FAyoxg ﬁeﬁgﬁé rrpu’@eﬂlgﬁig rm@ poghyAmiRe{ - t he
hi 9[" yt ef f eIfC/IDP/)ﬂ\E@ddtyanf lﬁlflﬁ Y_.—élén 1@6%1%1 : htné (tEIBMlSQz Jrefd¥ged tof
rotection fro enge er.a ete if mce
Brot ect ed f?’oﬂ?ﬁ\/&ﬁ% ﬁ{/ 93%1 ]S“a lgg‘ %%é‘étlﬂﬁﬂﬁg’y&é\?%ﬁl iam :}ﬁrrune
[ﬁs p('\)/Rlsﬁs\/mdmalmmwsn@ycqm{ﬂ-hydrobcbrphbﬁpmmmmhﬂmanne r(@GWalQ&éer(zj’e Wi th
e v K c
r echal | enge%eréﬁ?ﬁ WOHENED ) Cnd RIEOER hnlin SARYMpdifthid dflbotoliT
n ce were n@pipbattesacmonophospharyl Hipichal, rt@hghosardinu@@lﬂt@pad aspll Wﬁﬂrregal y
and | ynphadgageiuenaTenlines DS 20 gﬁm%hem@éunm ARYBRK TG e 5).

This is not an unpexpected result’ as the nosuppr sion by the
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the i e ghingichen poesBRitaeulfatd m@%&&eﬁﬂrﬁﬂm@ﬁﬂ) lip iti getion. 35 16

3. Vb thera t an s, CD4+ cel l Direct FRCS A of Spl.een Cells
Fol | owi ng X Paﬁé? éﬁ?ﬂoﬁ%@ﬁlgﬁ qeREY %aﬁd‘%‘éﬁ% PERUEHH +and CD8+
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the vaccine mixture (Al,0, basis). Conveniently, the vaccines are formulated
to contain a final concentration of antigenic polypeptide in the range of from
0.2 to 200 pg/ml, preferably 5 to 50 pug/ml, most preferably 15 pg/ml.
After formulation, the vaccine may be incorporated into a sterile
30 container which is then sealed and stored at a low temperature, for example
4°C, or it may be freeze-dried. Lyophilisation permits long-term storage in a
stabilised form.
The vaccines are conventionally administered parenterally, by
injection, for example, either subcutaneously or intramuscularly. Additional
35  formulations which are suitable for other modes of administration include
suppositories and, in some cases, oral formulations. For suppositories,



The previous experinment showed that major inmune cell subsets (CD4+ and
CD8+ cells) resident in the spleen are all affected by V b treatnent, 20
however, wb@apRgrs that CD4+ cells are preferentially tapggiqdijondbcating
that a subset of these cells may be clonally expanding at day 14 pi. The
experinments illustrated in Figure 7 were designed to determine if a single
dose of Vb, adm nistered at 14 days pi, 1&s elimnating a popul ati on of
expandi ng CD4+ reqgulator T cells and thereby releasing effector cells from
25 down-regul ation and clearing the host of the MAIDS virus. Mce Wre
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efficiency in both muscle and skin inoculation in a number of mammalian
species. A factor known to affect the immune response elicited by DNA
immunization is the method of DNA delivery, for example, parenteral routes
35  can yield low rates of gene transfer and produce considerable variability of
gene expression (Montgomery et al., 1993). High-velocity inoculation of



35 clearance of the MAIDS virus fromits host. 18 4. Summary The
present -exanples indicate that there is a population of "regulator" cells
that downypegMigage the immune response to the MAIDS viruspcegidi@oidet he
virus to proliferate and cause di sease. Renoval of the regulator cells at 5
the appropriate times after infection allows for effector cells (such as B
cells and CD8+ T cells) to nore effectiuvgly clear the virus, preventing the
devel opnment of disease. These regulator cells are proposed to control the
activation and/or function of cells such as CD8+ T cells and B cells, which
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publ i cations di scussed above are incorporated herein in their entirety. Any
di scussi on of docunments, acts, materials, devices) articles or the |ike

whi ch has b Mﬁh ded in the present specification is solely for the 1o
pur pose of E S a context for the present invention. It is not to be

taken ags an admi Bsomiertddenmmgtiate tid peketthigsentivh taamariner AlpSniodel t he
prior art b%\;a% LgWere conmon general know edge in the field relevant to

the present 1nv Rtlon as it exi sted, particularly in Australia, before the
priority date ofAcaurinel/DE GVAIRS) paﬁmlmggamdmed by LP-BM5 murine

leukemia virus (MuLV) in susceptible mice is an effective tool to investigate
mechanisms of retrovirus-induced immunodeficiency. The MAIDS animal

30 model displays a number of features of human AIDS. Infection of a
susceptible strain such as C57BL/6 mice with LP-BM5 leads to chronic
splenomegaly, hypergammaglobulinaemia and development of
immunodeficiency in both T and B cells. In vitro, there is a progressive
impairment in the responsiveness of T-cells and B-cells to mitogenic or

35  specific antigenic stimuli. In vivo, infected mice become increasingly
susceptible to challenge with a variety of opportunistic organisms and can
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15 development at 10 weeks pi (as determined by spleen weight, histology and
FACS analysis). A similar protective effect was observed in some mice
treated at 6 days (6/13 or 46%) pi. Although not as pronounced as the
protection seen after day 14 treatment, moderate protection from MAIDS
development was still observed. However, it is also important to note that

20  treatment at many other time points, such as day 2 and day 7 pi, resulted in
no protection against MAIDS development. The total protection from MAIDS
development seen in mice given Vb at 6 hrs pi is not unexpected as the virus
replicates in actively replicating cells which are the target of the anti-mitotic
drug thus any cells infected with the virus are killed by the Vb preventing the

25  virus from rapidly establishing an infection in the host. However, the highly
protective effect observed after a single treatment with Vb at 14 days pi is
quite remarkable as, by this stage, the viral infection is well established and
the early disease processes are well underway. We propose that this highly
therapeutic effect may be due to the Vb targeting a particular subset of

30 immune regulator cells during their expansion phase and thereby altering the
immune response to the viral infection. It is hypothesised that the down-
regulation of immune effector cells is removed by the Vb treatment targeting
the regulator cells, thus allowing more effective and possibly even complete

clearance of the virus by the effector cells of the immune system.
35
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To determine if mice protected from MAIDS by the day 14 pi Vb

25  treatment develop an immune response which would then protect them from
a subsequent rechallenge with the MAIDS virus groups of mice, given the Vb
therapy at day 14 pi, were rechallenged with the MAIDS virus at 3 or 8 weeks
post Vb treatment. The mice were not protected from viral rechallenge and
developed splenomegaly and lymphadenopathy indicating MAIDS

30 development at 20 weeks (Figure 5). This is not an unexpected result as the
dominant immunosuppression by the regulator population of cells would
have been restored as a consequence of the immune effector response to the
second (untreated) infection.

35
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a subset of these cells may be clonally expanding at day 14 pi. The
experiments illustrated in Figure 7 were designed to determine if a single

dose of Vb, administered at 14 days pi, is eliminating a population of
expanding CD4* regulator T cells and thereby releasing effector cells from
25 down-regulation and clearing the host of the MAIDS virus.

Mice were infected with MAIDS, received day 14 pi Vb treatment and
then received an adoptive transfer of ~10”spleen cells from donor mice
prepared as outlined in Figure 7. For each experiment [designated (I), (II) and
(II)] groups consisted of 7 recipient mice and 9 donor mice. Mice in Group I

30 received whole spleens from infected mice that had not received any Vb
treatment. Mice in Group Il received whole spleen cell preparations, from
infected mice, that had been depleted of CD4" cells using a FACS cell sorter
after staining with fluorochrome-labeled anti-CD4 monoclonal antibody. Cell
sorting resulted in removal of 99.5% of CD4" cells from the spleen cell

35  preparations. Mice in Group III received whole spleens from infected donor
mice that also received Vb treatment on day 14 pi.
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conprises aretrovira ol ypeptide. 5. The nethod of claimi4,
wher ei &t he retroviral antigenic polypeptide is provided to the subject by

adm ni stering B ¥R A IeEBF CBUNGe gt aa;;} ﬁ@ﬁo@%@{oh%%ﬁs POboReRionde and
a phar nag:e&trl c%@gc ept abl ecarrier. 25 6. The frethod of claimb5, wherein
t he vacci ndT?flr PPE¥8Lan adjuvant. 7. The nethod of claim 4,
wherei n the ant igensplepitiopefdrirdeultsaproonisiitent3@ithahelintespiytation byat,
L T
t he subjbectpagulatiencfrsgulptararells fwhichreae £§341i, andlthat Vbip terspengtic hy
virtue of its ability to destroy the latter. Therefore, an in vivo depletion of
CD4" cells at the 14 day pi time point should mimic the effect of Vb. A flow
diagram of the experiment is presented in Figure 9. Groups of 5 mice were
infected with the MAIDS virus and then treated with monoclonal antibodies
20  to deplete the host of either the CD4* or CD8" T cell subset at day 14 pi.
Monoclonal antibodies were collected from the supernatants of antibody-
producing hybridoma cell lines and purified by ammonium sulphate
precipitation. Testing in vivo resulted in a 98% reduction in CD4* cells and a
95% reduction in CD8™ cells from a single injection (0.5mg i.p.) of the
25  appropriate concentrated monoclonal antibody preparation.
Clearly, treatment at day 14 pi with the anti-CD4" monoclonal antibody
resulted in prevention of MAIDS development in infected mice thereby
mimicking the effect of a Vb injection at day 14 pi (Figure 10). In contrast, in
vivo depletion of CD8™ cells at day 14 pi had no effect on disease progression.
30  This result further supports the hypothesis that a population of CD4™ T cells
is functionally down-regulating immune effector cells responding to the viral
infection. In addition, the removal of the dominant CD4" regulator cells
enables the immune effector cells to respond more effectively to the viral
infection resulting in far slower disease progression or perhaps complete
35  clearance of the MAIDS virus from its host.
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15  population of CD4" regulator T cells. This regulation did not allow the
immune response to develop sufficiently in magnitude to cause tumour
regression. It was noted that treatment with a single dose of Vinblastine (Vb)
at different times following tumour inoculation resulted in enhancement (day
10) or regression (days 4, 6, 13 and 15) of the tumour. North hypothesised
20  that the observed regression was due to elimination of the CD4" regulator T
cells at those time points. In a series of experiments involving the selective
depletion of CD4* and CD8" T cells the regulator cells were identified as
being of the CD4" phenotype.
The chromosomal DNA of inbred and wild mice contains multiple
25  copies of sequences reactive with MuLV nucleic acid probes. Among these
sequences are complete, potentially infectious genomes of numerous MulL.Vs
(Chattopadhyay et al., 1980). All MuLVs share high sequence homology. We
hypothesize that when these endogenous MuLV proteins are expressed
during development they are recognised as self-antigens by the immune
30 system. Due to the high level of homology between endogenous and
exogenous MuLV nucleic and amino acid sequences an infecting MuLV may
also be partly recognised as self by the immune system, and any immune
response to the viral infection will be down-regulated, resulting in a lack of
viral clearance and the development of disease.
35
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1n ibits the production of, and/or destroys, regulator cells, wherein the timing

of administration of the agent is selected such that the activity of the effector
cells is not significantly reduced.

10
2. The method of claim 1, wherein the agent is administered
approximately when CD8+CD4- T cell numbers have peaked in response to
the administration of the composition.

15 3. The method of claim 1, wherein the agent is administered

approximately when the number of viral particles has begun to stabilize or
increase following administration of the composition.

4, The method according to any one of claims 1 to 3, wherein the
20 composition comprises a retroviral antigenic polypeptide.

5. The method of claim 4, wherein the retroviral antigenic polypeptide is
provided to the subject by administering a vaccine comprising the retrovirus
antigenic polypeptide and a pharmaceutically acceptable carrier.

25
6. The method of claim 5, wherein the vaccine further comprises an
adjuvant.

7. The method of claim 4, wherein the antigenic polypeptide is provided
30 to the subject by administering a DNA vaccine encoding the retroviral
antigenic polypeptide.

8.  The method of claim 4, wherein the antigenic polypeptide is provided
to the subject by the consumption of a transgenic plant expressing the
35  retroviral antigenic polypeptide.
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5 10. A method of treating a retroviral infection in a mammalian subject, the

method comprising exposing the subject to antiretroviral drug therapy, and
subsequently administering to the subject an agent which inhibits the
production of, and/or destroys, regulator cells, wherein the agent is
administered after the antiretroviral drug therapy has concluded and a

10  resulting expansion in retroviral numbers has led to an increase in the
number, and/or activation, of effector cells directed against the retrovirus, and
wherein the timing of administration of the agent is selected such that the
activity of effector cells is not significantly reduced.

15 11. The method of claim 10, wherein the agent is administered
approximately when CD8+CD4- T cell numbers have peaked in response to
the conclusion of the antiretroviral drug therapy.

12, The method of claim 10, wherein the agent is administered

20 approximately when the number of viral particles has peaked, or begun to
decrease after this peak, in response to the conclusion of the antiretroviral
drug therapy.

13.  The method according to any one of claims 1 to 12, wherein the agent
25  is selected from the group consisting of anti-proliferative drugs, radiation, and
an antibody which binds specifically to CD4+ T cells.

14. The method according to claim 13, wherein the anti-proliferative drug

is selected from the group consisting of vinblastine and anhydro vinblastine.
30

15. The method of according to any one of claims 1 to 14, wherein the

retrovirus is selected from the group consisting of HIV-1, HIV-2, HTLV-1 and
HTLV-2.

35 16. The method according to any one of claims 1 to 15, wherein the
method is repeated at least once.
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regulator cells in the manufacture of a medicament for treatment of a
retroviral infection in a mammalian subject.

19. The use according to claim 18, wherein the agent is selected from the
10  group consisting of anti-proliferative drugs, and an antibody which binds
specifically to CD4+ T cells.



