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reverse transcriptase. Other retroviruses include, for example, oncogenic viruses such
20 as human T-cell leukemia viruses (HTLV-L-IL-II), feline leukemia virus, and the
- murine type C retroviruses.

The HIV viral particle consists of a viral core, composed in part of capsid
proteins designated p24 and pl8, together with the viral RNA genome and those
enzymes required for early replicative events. Myristylated gag protein forms an outer

25 viral shell around the viral core, which is, in turn, surrounded by a lipid membrane
envelope derived from the infected cell 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. gp4l is a transmembrane glycoprotein and gpl20 is an extracellular

30 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 the design of effective
therapeutics, currently no curative anti-retroviral drugs or therapies against AIDS exist.

35 In attempts to develop such drugs, several stages of the HIV life cycle have been
considered as targets for therapeutic intervention (Mitsuya et al., 1991).
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20 the mammal's ability to effectlvely control or eradicate the retroviral infection.

Whilst not wishing to be limited by theory, it is proposed that humans contain
many sequences which are homologous or near homologous to retroviral sequences
fragmented throughout their genome as stable heritable elements. Accordingly,
proteins encoded by these sequences may be recognised as "self" during development

25 of the immune response. Subsequent infection by a retrovirus may then also be
partially recognized as "self', limiting the immune system's ability to mount a
successful immune response. This proposal, at least in part, may explain why up until
now it has been difficult to develop an effective vaccine against HIV.,

Support for this hypothesis has been provided by Rakowicz-Szulczynska and

30 co-workers (1998 and 2000) who have shown that some antigens associated with breast
cancer are molecularly and immunologically similar to proteins encoded by HIV-1.
Similar observations have been made for other cancers. In addition, Coll et al. (1995)
have reported antibodies which bind HIV-1 in patients with autoimmune diseases such
as Sjogren's syndrome and systemic lupus erythematosus. Furthermore, a BLAST

35 search of the human genome database with the human immunodeficiency virus genome
sequences indicates many regions of significant identity between the two genomes.
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particularly HIV, the mammalian subject could utilize the method of the present
25 invention.

The method of the present invention can also be used to treat a mammalian
subject which 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 could lead to a further effector cell response with subsequent

30 opportunity to ablate the regulators of these new effectors.

Subjects infected with a retrovirus can be treated with antiretroviral drugs, such
as in HAART treatment, to keep the viral load low. Such subjects also could be
administered with the composition to initiate a new effector cell immune response
whilst the subsequent administration of the agent would ablate regulator cells.

35 In a preferred embodiment, fluctuations in the levels of the acute phase
inflammatory marker is monitored to determine when the agent is administered.
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administration of the composition, wherein testing for viral particle levels in the subject

begins when the positive acute phase inflammatory marker levels begins to increase
following administration of the composition. It should be noted that the timing of
25 administering the agent can also coincide with a decrease in the number of viral
particles, after an initial peak (as seen in Figure 18).
Preferably, the positive acute phase inflammatory marker is c-reactive protein.
In yet another preferred embodiment of the first aspect, restimulation of effector
cells in an infected mammalian subject can be achieved by a composition which
30 comprises a retroviral antigenic polypeptide. Preferably, the antigenic polypeptide is
provided to the subject by administering a vaccine comprising the retrovirus antigenic
polypeptide and a pharmaceutically acceptable carrier. More preferably, the vaccine
further comprises an adjuvant.
In another embodiment the antigenic polypeptide is provided to the subject by
35 administering a DNA vaccine encoding the retroviral antigenic polypeptide.
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protein.

In a preferred embodiment, the agent is administered approximately when the
levels of c-reactive protein have peaked and begun to decrease.

Preferably, the antiretroviral drug therapy is HAART.

25 Upon removal of antiretroviral drug therapy the viral load increases (for
example, see Daar et al, 1998 and Figure 18). This results in an expansion and/or
activation of effector cells directed against the retrovirus which begin to stabilize the
viral load. It is approximately when the retroviral numbers have peaked, or begun to
decrease after this peak, that the agent should be administered. As outlined above,

30 acute phase inflammatory marker levels can be an indicator of viral load.

Accordingly, in a further preferred embodiment of the second aspect, the agent
is administered 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, wherein testing for viral particle levels in the subject begins when the positive

35 acute phase inflammatory marker levels begin to increase following conclusion of the
antiretroviral drug therapy.
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20 drug for the manufacture of a medicament for administering to a mammalian subject
with a retroviral infection, wherein the subject is subsequently administered with an
agent which inhibits the production of, limits the function of, and/or destroys, regulator
cells, and wherein the timing of administration of the agent is selected such that the
activity of effector cells directed against the retrovirus is not significantly reduced, and

25 wherein fluctuations in the levels of an acute phase inflammatory marker in the subject
is used to assist in determining when the agent is administered.

In another aspect, the present invention provides for the use of an agent which
inhibits the production of, limits the function of, and/or destroys, regulator cells for the
manufacture of a medicament for administering to a mammalian subject with a

30 retroviral infection, wherein the subject has previously been administered with an
antiretroviral drug, and wherein the agent is administered at a time selected such that
the activity of effector cells directed against the retrovirus is not significantly reduced,
and wherein fluctuations in the levels of an acute phase inflammatory marker in the
subject is used to assist in determining when the agent is administered.

35 Preferably, the agent used in regulator cell ablation is selected from the group
consisting of anti-proliferative drugs, radiation, and antibodies which inhibit the down
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subj ect; 20 iif) means for determining the level of an acute phase inflammatory marker.
In each aspect outlined above, ablation of the "regulator" population allows the
"effector" population to reduce or eradicate the retroviral load as any down regulation
of effectors (due to self-tolerance mechanisms) has been removed.
As will be apparent, preferred features and characteristics of one aspect of the
25 invention can be applicable to other aspects of the invention.
Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.
30 The invention will hereinafter be described by way of the following non-limiting
Figures and Examples.

BRIEF DESCRIPTION OF THE DRAWINGS:
Figure 1: Time course of MAIDS in B6 mice infected with LP-BMS.

35 Figure 2: Effect of a single dose of vinblastine (6mg/kg i.p.) on MAIDS progression at
10 weeks post infection.
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i nf ect ed1®loSpleemiverghtswéate taken at 10 weeks post MAIDS infection (n=5 mice per group).
Figure 13: IL-4 in serum of MAIDS infected mice. Each time point represents the
mean+/-SEM for 9 mice.
Figure 14: IL-10 in serum of MAIDS infected mice. Each time point represents the
mean+/-SEM for 9 mice.
20 Figure 15: IL-4 and IL-10 levels as determined by intracellular flow in total WBC
from spleen. Data shown is the mean+/-SEM for 3 mice per group.
Figure 16: IL-4 production by ELISpot of splenic WBCs of MAIDS infected mice.
Data shown is the mean+/-SEM for 3 mice per group.
Figure 17; IL-10 production by ELISpot of splenic WBCs of MAIDS infected mice.
25 Data shown is the mean+/-SEM for 3 mice per group.

Figure 18: HIV RNA, c-reactive protein and T cell levels in response to taking a
human patient off HAART treatment.

DETAILED DESCRIPTION OF THE INVENTION:
30 Definitions
As used herein the term "treating" or "treat" means a reduction in retroviral load

is achieved. Most preferably, the retroviral load is completely eradicated.
"Regulator cells" include, but are not necessarily limited to, a subpopulation of
CD4+ T cells. Such cells may also be referred to in the art as "suppressor cells”.
35 Regulator cells may either act directly on effector cells or may assert their affects upon
effector cells through other mechanisms.



10 Figure 9: In vivo depletion experinmental protocol. Figure 10: In vivo
depl etion of CD4+ or CD8+ cells at day 14 post infection. n=5. Figure 11:
Fl owchar twofo3nhe7epr ot ocol for the adoptive transfer experiPpegEmtuodeswri bed in
Section 4 of the Exanples. Figure 12: Results of CD4+CD25+/- adoptive
transfers using uninfected donor cells. 15 Spleen weights were taken at 10
weeks post MAIDS infection (n=5 mce perggroup). Figure 13: IL-4 in serum
of MAIDS infected mce. Each time point represents the nean+/-SEMfor 9
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known aslm\ﬁleyednldsSons (1984), J. Sambrook et al., Molecular Cloning: A Laboratory Manual,
Cold Spring Harbour Laboratory Press (1989), T.A. Brown (editor), Essential
Molecular Biology: A Practical Approach, Volumes 1 and 2, IRL Press (1991), D.M.
Glover and B.D. Hames (editors), DNA Cloning: A Practical Approach, Volumes 1-4,
IRL Press (1995 and 1996), and F.M. Ausubel et al. (editors), Current Protocols in
20 Molecular Biology, Greene Pub. Associates and Wiley-Interscience (1988, including
all updates until present), Ed Harlow and David Lane (editors) Antibodies: A
Laboratory Manual, Cold Spring Harbour Laboratory, (1988), and J.E. Coligan et al.
(editors) Current Protocols in Immunology, John Wiley & Sons (including all updates
until present), and are incorporated herein by reference.
25

Agents which Inhibit the Production of Limits the Function of, and/or Destroy,
Regulator Cells

The agent can be any factor or treatment which selectively or non-selectively

results in the destruction, or the inhibition of the production, of regulator cells. For

30 example, a CD4+ specific antibody could be used to specifically target CD4+ T cells.

However, in some instances a non-selective agent could be used, such as an anti-
proliferative drug or radiation, both of which destroy dividing cells.

The term "anti-proliferative drug" is a term well understood in the art and refers

to any compound that destroys dividing cells or inhibits them from undergoing further

35 proliferation. Anti-proliferative drugs include, but are not limited to, mechlorethamine,

cyclophosphamide, ifosfamide, melphalan, chlorambucil, hexamethyl-melamine,



As used herein, the term"ablate" or "ablation" when referring to the
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However, inhsorse i nstances a non-sel ective agent could be used, such as an
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20 that the agent exerts a proportionally greater effect against the regulator cells than the

effector cells. It is clearly preferred that the agent is administered at a time 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 fall in viral load following anti-
retroviral treatment, for instance in subjects infected with HIV, there is an increase in

25 wviral load and a subsequent stimulation of the immune response to the increase in viral
load upon withdrawal of treatment (Oritz et al., 1999; Kilby et al., 2000; Lifson et al.,
2000). Accordingly, the exposure of the subject to anti-viral therapy followed by
removal of the therapy can be used to increase the number of, and/or activate, effector
cells directed against the retrovirus enabling a targetable regulator cell expansion.

30 An example of the appropriate time for administering the agent can be
determined by reference to Daar et al. (1998). This document provides the viral load,
and CD8+ and CD4+ T cell levels, from a patient who is taken off highly active
antiretroviral therapy (also known as HAART). Afier the initial rise in viral load, a
reduction in viral load occurs when the CD8+ T cells have reached maximum numbers,

35 and therefore effect (see Figure 1 of Daar et al., 1998). Immediately beyond this time
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c-reactive protein levels as a result of effector cell activity upon the viral load reducing

retroviral numbers. Accordingly, this information can be used to determine the correct

timing of administration of the agent. Thus, in a preferred embodiment, the agent is

administered approximately when the levels of c-reactive protein have peaked and
25 begun to decrease.

Another avenue of determining the time point for administering the agent is to
monitor the viral load following stimulation of the immune response. Since c-reactive
protein assays are relatively simple and sensitive, and the levels of c-reactive protein
correlates with viral load (see Figure 18), such assays can be used to determine when to

30 begin close monitoring of the viral load. For instance, when c-reactive protein levels
have begun to increase, monitoring of the viral load could commence.

These methods described above in relation to c-reactive protein can be
performed using other positive acute phase inflammatory markers.

It is envisaged that the viral load decreases due to the activity of the effector

35 cells, however, the subsequent increase in regulator cells would down-regulate the
effector cells resulting in a slowing of the viral load decrease. Accordingly, the agent



point (a few days) CD8+ T cells start to drop off and viral |oad begins to
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Examples of positive acute phase inflammatory markers include, but are not
limited to, c-reactive protein, serum amyloid A, serum amyloid P component,
complement proteins such C2, C3, C4, C5, C9, B, C1 inhibitor and C4 binding protein,

25 fibrinogen, von Willebrand factor, ol-antitrypsin, ol-antichymotrypsin, o2-
antiplasmin, heparin cofactor II, plasminogen activator inhibitor I, haptoglobin,
haemopexin, ceruloplasmin, manganese superoxide dismutase, o1-acid glycoprotein,
haeme oxygenase, mannose-binding protein, leukocyte protein I, lipoporotein (a) and
lipopolysaccharide-binding protein. Example of negative acute phase inflammatory

30 markers include, but are not limited to, albumin, pre-albumin, transferin, apoAT,
apoAllL, o2 HS glycoprotein, inter-ai-trypsin inhibitor, histidine-rich glycoprotein.

Serum amyloid A levels can be determined as known in the art, see for example
O'Hara et al. (2000).

C-reactive protein (CRP) is an important positive acute phase response protein,

35 and its concentration in serum may increase as much as 1,000-fold during the acute
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20 A number of reverse transcriptase inhibitors are commercially available for use
in administering HAART. Examples include, but are not limited to, zidovudine (AZT)
available under the RETROVIR tradename from Glaxo-Wellcome Inc., Research
Triangle, NC 27709; didanosine (ddl) available under the VIDEX tradename from
Bristol-Myers Squibb Co., Princeton, NJ 08543; zalcitabine (ddC) available under the

25 HIVID tradename from Roche Pharmaceuticals, Nutley, N.J. 07110; stavudine (d4T)
available under the ZERIT trademark from Bristol-Myers Squibb Co., Princeton, N.J.
08543; lamivudine (3TC) available under the EPIVIR tradename from Glaxo-

. Wellcome Research Triangle, N.C. 27709; abacavir (1592U89) disclosed in
WO096/30025 and available under the ZIAGEN tradename from Glaxo-Wellcome

30 Research Triangle, N.C. 27709; adefovir dipivoxil [bis(POM)-PMEA] available under
the PREVON tradename from Gilead Sciences, Foster City, Calif. 94404; lobucavir
(BMS-180194), a nucleoside reverse transcriptase inhibitor disclosed in EP-0358154
and EP-0736533 and under development by Bristol-Myers Squibb, Princeton, N.J.
08543, BCH-10652, a reverse transcriptse inhibitor (in the form of a racemic mixture

35 of BCH-10618 and BCH-10619) under development by Biochem Pharma, Laval,
Quebec H7V, 4A7, Canada; emitricitabine [(-)-FTC] licensed from Emory University
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rom & axo- %ﬂ QEU[FaImaceuticals, Inc., Cambridge, Mass. 02139-4211 and available from
20 Glaxo-Wellcome, Research Triangle, N.C. under an expanded access program;
lasinavir (BMS-234475) available from Bristol-Myers Squibb, Princeton, N.J. 08543
(originally discovered by Novartis, Basel, Switzerland (CGP-61755); DMP-450, a
cyclic urea discovered by Dupont and under development by Triangle Pharmaceuticals;

BMS-2322623, an azapeptide under development by Bristol-Myers Squibb, Princeton,

25 N.J. 08543 as a 2nd-generation HIV-1 PI; and ABT-378 under development by Abbott,

Abbott Park, Ill. 60064; and AG-1549 an orally active imidazole carbamate discovered

by Shionogi (Shionogi #S-1153) and under development by Agouron Pharmaceuticals,
Inc., LaJolla Calif. 92037-1020.

Suitable human dosages for these compounds can vary widely. However, such

30 dosages can readily be determined by those of skill in the art. Therapeutically effective

amounts of these drugs are administered during HAART. By "therapeutically effective

amount" is intended an amount of the antiretroviral agent that is sufficient to decrease

the effects of HIV infection, or an amount that is sufficient to favorably influence the

pharmacokinetic profile of one or more of the other antiretroviral agents used in the

35 HAART protocol. By "favorably influence" is intended that the antiretroviral agent,

when administered in a therapeutically effective amount, affects the metabolism of one
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Native antigenic polypeptides can be prepared, for example, by providing
attenuated retrovirus, heat inactivated retrovirus or any other killed retrovirus.
The antigenic polypeptides can be provided as isolated polypeptides in a vaccine
25 composition. In this instance the polypeptide can be purified from retroviral infected
cells, expressed and isolated from recombinant cells, or synthetically produced using a

peptide synthesizer.

Vaccines

30 Vaccines may be prepared from one or more retroviral polypeptides. The
preparation of vaccines which contain an antigenic polypeptide is known to one skilled
in the art. Typically, 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

35 be emulsified, or the protein encapsulated in liposomes. The antigenic polypeptides are
often mixed with carriers/excipients which are pharmaceutically acceptable and
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prepared, foinsfnanpédecitiin, PUigMhidi AJ saponin, liposomes, levamisole, DEAE-dextran,
blocked copolymers or other synthetic adjuvants. Such adjuvants are available
20 commercially from various sources, for example, Merck Adjuvant 65 (Merck and
Company, Inc., Rahway, N.J.) or Freund's Incomplete Adjuvant and Complete
Adjuvant (Difco Laboratories, Detroit, Michigan).

The proportion of antigenic polypeptide and adjuvant can be varied over a broad

range so long as both are present in effective amounts. For example, aluminum

25 hydroxide can be present in an amount of about 0.5% of the vaccine mixture (AlO;
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 pg/ml,
most preferably 15 pg/ml.

After formulation, the vaccine may be incorporated into a sterile container

30 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 formulations which are
suitable for other modes of administration include suppositories and, in some cases,

35 oral formulations. For suppositories, traditional binders and carriers may include, for
example, polyalkylene glycols or triglycerides; such suppositories may be formed from
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antigen to elicit a protective immune response has been demonstrated in numerous
experimental systems (see, for example, Conry et al., 1994; Cardoso et al., 1996; Cox
et al., 1993; Davis et al.,1993; Sedegah et al., 1994; Montgomery et al., 1993; Ulmer et
al., 1993; Wang et al., 1993; Xiang et al., 1994; Yang et al., 1997).

25 To date, most DNA vaccines in mammalian systems have relied upon viral
promoters derived from cytomegalovirus (CMV). These have had good 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 can yield low rates of gene transfer and

30 produce considerable variability of gene expression (Montgomery et al., 1993). High-
velocity inoculation of plasmids, using a gene-gun, enhanced the immune responses of
mice (Fynan et al., 1993; Eisenbraun et al., 1993), presumably because of a greater
efficiency of DNA transfection and more effective antigen presentation by dendritic
cells. Vectors containing the nucleic acid-based vaccine of the invention may also be

35 introduced into the desired host by other methods known in the art, e.g., transfection,
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20 virus (MuLV) in susceptible mice is an effective tool to investigate mechanisms of
retrovirus-induced immunodeficiency. The MAIDS animal 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
25 progressive impairment in the responsiveness of T-cells and B-cells to mitogenic or
specific antigenic stimuli. Ir vivo, infected mice become increasingly susceptible to
challenge with a variety of opportunistic organisms and can develop B-cell lymphoma.
Deaths are first observed at 8-10 weeks post-infection (pi), and all mice die within 24
weeks (Figure 1). These alterations in immune function reflect complex changes in the
30 phenotype and function of all components of the immune network.

1. Therapeutic Effects of a Single Dose of Vinblastine Administered at Different Times
Post Infection

The treatment with a single dose of the anti-mitotic agent vinblastine (Vb) at
35 different times pi is able to prevent the development/progression of MAIDS. Figure 2
shows the effect on MAIDS development (represented by average spleen weight at 10
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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. This leads to long term disease
free survival for many months post-infection and treatment.

25

2. Further Characterisation of the Day 14 Therapeutic Effect

2.1. Spleen histology in Vb treated mice at 10 weeks post infection

Spleens from the Day 14 pi Vb treated mice as well as infected and uninfected

control mice were weighed and examined histologically. The splenic architecture of all

30 MAIDS infected mice was profoundly disorganised as previously reported (Hartley ez

al., 1989). In contrast, the splenic architecture of the Vb treated mice with normal

spleen weights (below 0.25g) was indistinguishable from that of uninfected control
mice (Figure 3).

In support of this histological data, preliminary results based on FACS analysis

35 of spleen cells from day 14 pi Vb treated mice at 10 weeks pi showed cellular



15 EXAMPLES Exanple 1 In order to denonstrate the present invention a

muri ne Al DS nodel was used. A nurine AIDS (MAIDS) pathol ogy induced by

LP- BMb mwong/obeakem a 20 virus (MILV) in susceptibl e m ®eTiaoanomffective

tool to investigate nechanisns of retrovirus-induced inmunodeficiency. The

MAI DS ani mal nodel displays a nunber of features of human AIDS. Infection

of a susceptible strain such as C57BL/6 ;pce wth LP-BMb | eads to chronic

spl enonegal y, hyper ganmagl obul i naemi a and devel opnent of i mrunodefi ci ency

in both T and Bcells. In vitro, there is a 25 progressive inpairnment in

t he responsprupoeims ¢CDH cEDBS amhB ®@tlseiddsdibteibtidmdéni thosy obssived iif normal

antigenic stimdli.. ln vivo, Jinfected m ce becone increasingly susceptible

to chall enlgl{élg\?ﬁc¥ﬁq%lc\9§¢¥%{lglt S@PW portuni stic organi sms and can devel op

B-cell |ynphonma. Deaths are first observed at 8-10 weeks post-infection

(pi), and abl, m,ce. di.e w.thi | e 8SH erations in

i mrune funct2 .iZb%birE%]ge?}g?ngﬁn%%éﬁc angezev%%b?lﬁéﬁog%wmgenot i}%é and function

of all cohponent® efder ke detefmine ihetansiected) micehwergplilly i rroteried dram YIAIDS ngl e

tDos et of ;ﬁ n_alfxﬁe%pnﬁ@t Aélinlﬂ;th%t Q"b]?ﬂfe?&neﬁ% Iv_ﬁa@rﬁelte%y_Tld@ﬁgvingtF’q&_t disleiseféﬁs@fl aég)e t

reat ment wi a .sin ose of the anti-m i C ent .vinplastine ( a

35 di fferen?rqgr‘?‘?élé’nple?@atﬁ Irglc?émﬂ’r Xseﬁtdﬁyh{e‘loab% ?fﬁﬁ@ﬂt%?&élr%%fémg tgf

MAI DS. Fi gueean?ine Showscd. h&@hefrésdis ofrthiviidxp&iteme(Figurend) showpd ese 8086 (4

aver age spl i / 207 e L41.,0f a

singl e 6ng/ E’qgﬁ):,w;;%rgg}gg%&g% Wgalggesgyeg% %\%gfﬂ%@dﬁ%@% i Cc}nﬁ%&l g&?’rlg%)l 1§ hr

to 28 days. eledvelagtion picthyday ¢ Xbrissatméns regimar kabl y t her apeuti ¢ when

adm nistered at 6 hr or 14 days pi with 100% (10/10) and 74% (20/27) of

m ce, respectively, show,ng no signs of MAI DS devel opnent at 10 weeks pi

(as det er mi Red MBI eBrERnT qBIVEHE rechalienge golbyyna il ek@® anal ysis). A sinilar

protective effectloRer@bfReif\eide iplotSQe® Font MAIDS dlyetle Ay 6 4daY v (1Bdalmdear

469 pi. Additional exr%%gi ment s haﬁ{ehprovbd d res#{#ﬁ o¥ 100% o{) m%‘ﬁ

havi ng no s GO A MRIERIG EFBPBYSaHCha PO d, dhien 1 Brofrchthem Ao 4 wbsedpeil ment

14 days p (athbllengetwithiheNIATIAS tvivas gloupe of asice erentthe &b thsraphet payol£€el,i on

seen after t r i r \Y t was
dve Peghél{ﬁggéﬁc{/‘gzgh »tkllet”i(?ﬁi&b% FnREPs 8r &0 k% 88%?@%)%“%' ohRPRY

still 10 observed. i'salso’i nportan at treatnent at
many ot her w®eie nQioipmtested ufpmayighyreghallsdgelagndy dsiveloped usplengniegalyo and

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

the second (untreated) infection.

3. Vb Therapy Targets CD4" cells
3.1. Direct FACS Analysis of Spleen Cells Following Vb Therapy on Day 14 Post
25 Infection
FACS analysis of CD4"and CD8" T cells prepared from spleens of mice treated
with Vb on Day 14 pi was performed (Figure 6). CD25'CD4" T cells were also
examined as they have recently been identified as having an important regulatory

function in mouse models of autoimmune disease and tumour immunology (Takahashi

30 et al, 1998; Shimizu et al., 1999). It is possible that these cells may play a role in the
regulation of the immune response to MAIDS. Day 14 pi and uninfected control mice
were given Vb therapy and the spleens collected at 48 hours post Vb treatment.
Analysis of the data showed that while all cell subsets are reduced by the Vb therapy,
comparison of the uninfected to infected ratios showed that it is the CD4" T cells and

35 CD25'CD4" T cells that are preferentially targeted by the Vb treatment in MAIDS
infected mice.
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20 Infusing Vb-treated MAIDS infected mice with spleen cells from MAIDS
infected donors completely prevented Vb from protecting mice from MAIDS
development (Figure 8). Moreover, the spleen cells that overcame the protective effect
of Vb were CD4" cells because when CD4" cells were removed from the donor spleen
cells prior to transfer, by FACS sorting, the protective effect of Vb was not overcome.

25 In addition, infusion of Vb-treated MAIDS infected mice with spleen cells from
MAIDS infected donor mice that had also been given day 14 Vb showed these mice to
be fully protected from MAIDS development (Figure 8).

3.3. In vivo depletion of CD4" cells at day 14 post infection results in protection from

30 MAIDS development
The spleen transfer results are consistent with the interpretation that, at day 14
pi, immune effector cells co-exist with a clonally expanding population of regulator
cells which are CD4", and that Vb is therapeutic by virtue of its ability to destroy the
latter. Therefore, an in vivo depletion of CD4" cells at the 14 day pi time point should
35 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
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regul ator T cel | Aagoptieriemyfer Q:Ixﬁéﬁrh&ﬁ \@isf 88 gHed 8! difectly test the hypothesis

that CD4+CD25+ T cells are functioning as the regulator cells in the murine AIDS

20 model. The same approach used to determine that the regulator cells are CD4+ T

cells was used to test whether the CD4+CD25+ subset are the target of day 14

Vinblastine treatment. Figure 11 shows the overall rationale behind the experiment.

2.0x10° cells of the regulator CD4+CD25+ phenotype were purified from single cell

suspensions of donor spleens using MACS beads (Miltenyi Biotec) using two positive

25 selection steps. The cells were then tested for purity by flow cytometry (both

CD4+CD25+ and CD4+CD25- fractions were of >90% purity) and viability using

trypan blue exclusion prior to transfer into uninfected (control) and MAIDS infected

day 14 Vinblastine treated mice. CD4+CD25- cells were also transferred to allow that

the regulator cells may not present in the CD25+ fraction and also to allow for the

30 possibility that these putative regulator cells may lose CD25 expression as they
expand and become activated as was reported by Gavin et al., 2002.

Mice receiving adoptive transfer of cells were either uninfected (control) or

MAIDS infected and day 14 Vinblastine treated to examine whether the transfer of

cells would result in disease progression. Basically, if the CD4+CD25+ T cells are

35 functioning as the regulator cells then the restoration of these cells via adoptive transfer

should result in disease progression, abrogating the protective effect of day 14



from down-regul ation and clearing the host of the MAIDS virus. 10 Mce were
infected wwth MAIDS, received day 14 pi Vb treatnent and then received an
adopt i ve wpansfero of ~107spl een cells from donor mce preparadoasowut | i ned
in Figure 7. For each experinent [designated (1), (Il1) and (I111)] groups
consisted of 7 recipient mce and 9 donor mce. Mce in Goup | received
whol e spleens from infected mce that had not received any Vb treatnent.
Mce in Goup Il received whole 15 spleen cell preparations, frominfected
m ce, that ﬁd been depleted of CD4+ cells using a FACS ceII sorter after
staining wt nplaghine B eriBeat DigsesacRrogressiocpas assesret diyasipleearvdigiu dy 10 Gadeks
sorting I’eSL{bdseMA]][DS’ﬁfgéﬁah of 99. 5% of CD4+ cells fromthe spI een cel l
preparations. %g%%gh rrecei ved whol e spleens frominfected donor
mce that al so r § & $oRtiRR Franster eragrimentsingaminteeted idagorvbicerasat ed
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its ability m@e@etswermwupmessmg@ffeemr céhierefore, an in vivo depletion of CD4+
cells at the 14 day pi tine point should 35 mimc the effect of Vb. A flow
di agram of t IS presented in FI gure 9. Goups of 5 mce were
i nf ect ed Wi t2 koA evels Hollowing M ATRSInfection ed with WO 03/ 070270

PCT/ AUO3/ 002{)]7Ser221m[§'gc| onal antl bod| es to depl ete the host of either the

CD4+ or CD8+ T C(ﬁjéll E g gﬁ da pi . Monocl onal anti bodi es were
collected fromt Loy for, eQFﬁS?%cﬁﬂlﬁ’r tfLHi-he) imihsrseawmal edeq inf | nes
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20 produced by regulator cells (Gavin et al, 2002, McGuirk and Mills, 2002). Briefly,
blood was obtained by tail bleeds of mice at the different days post infection and
centrifuged at high speed to collect the serum. These samples were then assayed for
cytokine levels and the resultant data is shown in Figures 13 and 14.
There are two clear peaks of IL-4 production, the first at 7 days pi and the
25 second at 14-16 days pi before increasing beyond day 21 pi. The final increase is
probably associated with the B cell oligoclonal expansions that are the dominant
feature of MAIDS in its later stages.

The same serum samples were also assayed for the presence of IL-10. IL-10 also

displayed a three-peaked pattern with an early peak at day 4-5 pi the second at days 12-

30 14 and the third at day 16 pi. It is interesting to note that a peak in the percentage of
CD4+CD25+ cells occurred on days 10-12 (data not shown), overlapping the second IL-

10 peak. Notably, CD25 (i.e. the IL-2 receptor) is expressed in a transient fashion prior

to the cell population entering the cell cycle and mitosis (Roitt et al. 1989). The
combined pattern is suggestive of a small regulator cell population expanding and

35 becoming functional at precisely the time when Vb or anti-CD4 treatment ablates



anti body preparation. Cearly, treatnent at day 14 pi with the anti-CD4+
nonocl onal anti body resulted in prevention of MAIDS devel opnent in

i nf ect ed wbDamg/otdrer eby m m cking the effect of a Vb injecPcoamw@s/oeay 14 pi
(Figure 10). In contrast, in vivo depletion of CD8+ cells at 10 day 14 pi
had no effect on di sease progression. This result further supports the
hypot hesi s that a popul ation of CD4+ T cé#ls is functionally

down-regul ating i mune effector cells responding to the viral infection.

I n addition, é&ﬁ renmoval of_the dom nant CD4+ regulator cells enables the
i mune ef f edV6DE AroEessipny 556 Hetorfay Ehigfgtads inagrement withethe Treall regiflatidri on
resul ting i rhybathesik desribed B@aime progression or perhaps conplete 15

cl earance of the MAIDS virus fromits host. 4. Role of CD4+CD25+ T Cells as

Regul ator Cells An adoptive transfer experinment was designed to directly
test the hypoel helkie levast byGdac2Ey flowcel | s are functioning as the

regul atorgcel | s I The .sa ach used to
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cell's then the tes ation
result in disease progression, abrogating the protective effect of day 14

WO 03/07027@ 3@%1);7@%9@% Fr195: Vi Nbl astine treatnent. Di sease progression
was assessed by s een V\B'I9 %tégbt 10 weeks post MAIDS infection.

ISpot 1s an ELISA-based technique that allows cytokine production to be
analysed on a single cell level. The cells of interest are incubated in wells, the base of
which is a membrane pre-coated with a monoclonal antibody for the cytokine of
interest. This incubation step can be with or without a stimulant for the cells. As the
plate is not moved during the incubation the secreted cytokine is localised to the

25 position of the cell as it is captured by the antibody bound to the membrane base such
that every cell that secretes cytokine leaves a spot on the membrane that is visible
following antibody detection. The technique allows quantitation of the number of cells’
producing a cytokine of interest down to the level of a single cell. For this experiment
splenic WBCs were collected from mice at days 0, 4, 8, 12, 16 and 20 pi using the same

30 protocol as for the intracellular flow. These cells were then incubated overnight on the
IL-4 and IL-10 ELISpot plates without stimulation. The plates were then developed and

the spots counted. The results for IL-4 are shown in Figure 16 and for IL-10 in Figure
17.

Again, as with the intracellular flow and serum ELISA, a similar trend is seen
35 for both cytokines with increasing numbers of cells expressing each cytokine up to a
peak at day 16 pi, followed by a marked decrease by day 20 pi.



The results of the adoptive transfer experinent using uninfected donor mce
are shown in Figure 12. In the negative control experinent the transfer of
uni nf ect ealodanor70 5 cel | s of CD4+CD25+i - phenotype di d notCraguwBmoion any
change in the 10 weeks pi spleen weight of uninfected recipients. However,
when the CD4+CD25+i- cells were transferred in MAIDS-infected day 14
Vb-treated recipients disease progressiopswas readily apparent.
Interestingly there is a statistically significant difference in the spleen
wei ghts of these two groups (p=0.033) indicating that disease progressed
nore markedly in the 10 group receiving the CD4+CD25+ cells. |ndeed,

control MNAI [BSsspigeps at 10 weeks pi are about 0.5-0.6g in these
experinments. results, suggest that the regulator cells exist in both
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bl ood was otseaireletlie Bytivation ahd/ee8mctién of cdlsatich he cmsf*ﬂ?ec@nstanda/selppmch

| nf ect i on_ ang aCamkfr bHeR ﬁéhtt%rgﬂn 64 to collect the serum These
sanpl es re the (gis ayed ne | evel s and the resultant data is
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i ncreasing baiond da réabl assom at ed
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t
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(Roitt et alor ré@88ion (s 4;06Tb131@ﬁ’d St:1) tdfrtﬁe'tﬁméUQQWthVﬁgJﬁthéls%H&hét the
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24 20 points. In a series of experlments 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 copies of
sequences reactive with MuLV nucleic acid probes. Among these sequences are
complete, potentially infectious genomes of numerous MuLVs (Chattopadhyay e? al.,

25 1980). All MuL Vs 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 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

30 response to the viral infection will be down-regulated, resulting in a lack of viral
clearance and the development of disease.

Example 2
A human subject suffering from a HIV infection was subject to HAART for at
35 least 6 months and then taken off the treatment. Viral load and c-reactive protein levels



MAI DS progression. That is to say this data is in agreenent with the T cell
regul ation hypothesis described herein. 5.2 Cytokine |evels by

i ntracel Iwbas/ofd2zow 5 Intracellular flowis a nethod that Rrag/Ai@enoxevel oped
and used to examne the ex vivo |levels of cytokines present in individual
cells using flow cytonetry. In this experinent mce were infected with

MAI DS and the spl eens harvested every fopgth day post infection (days 4,
8, 12, 16 and 20) as well as a day 0 uninfected control to get baseline

| evel s of intracellular cytokine production. The spleens were prepared as
10 singl e cevdre slaspwited osg stordardettchiqos @ebdnspley sedinad diuting aBGStet hien

fixed, perng Josefradrgt ai ned for a conbination of cell surface markers
and cyt oki nes%%hg resultz' of the experinment are shown in Figure 15. The
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nonocl onal anti bodg for the cytokine of interest. This incubation step can
be with dP a stinmulant for the cells. As the plate is not noved
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'CSE E?fﬁ'e'su'vm%{rf%fclf’ﬁvev}l@ﬁgﬁ%r Hogared Wi vl logfprfe%@’éfien%m&@éfb eals; ek R (o a
peak at day de6repse, Agdrboinecelpwhan gy leeels d€cireasioe pyotelaypedd tpidecrease as an
indication of regulation of the effector cells the subject is administered with anti-CD4+
antibodies at a standard dose such as 300mg.
The patient is then continued to be monitored for HIV markers, such as
determining viral load. If there is evidence that the infection has not been suitably

25 controlled the treatment can be repeated.

Example 4
A human patient suffering from an HIV infection is subjected to standard

HAART treatment. Following the conclusion of HAART the subjects c-reactive
30 protein levels are analysed as generally described in Example 2. Preferably, c-reactive

protein levels are determined at least every 24 hours. Approximately when the levels

of c-reactive protein begin to decrease as an indication of regulation of the effector

cells the subject is administered with vinblastine at a standard dose such as 3-4 mg/m?

intravenously (Casciato and Lowitz, 1995). Vinblastine will target dividing cells, such
35 as the regulator cells, which begin to clonally expand to control effector cell levels.



WO 03/ 070270 PCT/ AUO3/ 00207 25 6. Sunmary This exanpl e indicates that
there is a population of "regulator” cells that down regulate the inmune
response wo osh@2kAl DS virus, allowing the virus to prolifecataoanego’5 cause
di sease. Renoval of the regulator cells at the appropriate tinmes after
infection allows for effector cells (such as B cells and CD8+ T cells) to
nore effectively clear the virus, prevemting the devel opnent 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 act as effector
cells, to fi ght The glatiemf &cthenncontbudddol it ingomitofedt fir Hiumerkieess ook easby

speci f| cal | at p at i. on e.r

previ ously é‘g%nﬁlﬂlln ft%lglg?%d%g% %Fttﬁ%u‘ﬁla nggf % n& Esel%n%?t%blﬁurl ne
T cel | Iyrrphommollvddmtréaﬂmenﬂvaarbdrmmd 1990). North proposed t hat the
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of the immune response by a popul ation of CD4+ regulator T cells. This 15
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copi es of genc S reactive wt nucl el ¢ aC| probes. Anong_these
sequences a Hbﬁxeem@ﬁem mﬁcxfm@% 1soipdel @é%%spuamﬁ QRPFOIENgH Vs

(Chat t opad hy:@ﬁteﬁtt foiithe pr@dénﬂ&S@ﬂtlonA'I{ 13Wht&b§ﬁ%@aﬂ@ﬂﬁ§ﬁmﬂﬁ@aﬂmlpw Ve

hypot hesi ze _t hat aﬁﬁg t hes ndogenous MILV protei ns are uring

devel oprent REYPACE IPHE §aHiof dbF MIOT Aaee S PrelforRmBgn efers HIBNIEE 20 IR | e

to the hitgh ﬂeki/mﬂevaﬁt toche breggnt hetentien as &nctisyet) pusicalady ex dgstraliss bMa)Ine/the

nucl ei ¢ and ing MLV may al so be partly
%ﬁlgp?ﬁﬁbf’?a%ﬁ%ié%ﬂ%??m?é&%qlﬁ&&&&

recogni sed nd any i mmune 30 response to the
viral infection will be down-regulated, resulting in a lack of viral
cl earance and the devel opnent of disease. Exanple 2 A human subj ect

suffering froma HV infection was subject to HAART for at



35 least 6 nonths and then taken off the treatnment. Viral |oad and
c-reactive protein levels WO 03/070270 PCT/ AUO3/ 00207 26 were determ ned
usi ng st awodasd7wechni ques on sanpl es obtai ned during and &Crexuosheo07
conpl eti on of HAART. As can be seen in Figure 18, the results show t hat
upon conclusion of HAART viral |load increased. This was followed by a
decrease in viral load as a result of 5Sygeffector cell activity which in
turn was foll owed by another increase in viral load resulting from

regul ation of the effector cells. Creactive protein |evels closely
mrrored vi RAEFERENCORESRIi cating that assays for this protein are useful as a
mar ker for effector cell activity, as well as viral load. 10 Exanple 3 A
human patient suffering froman HV infection is admnistered with a
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4. The method of claim 2 or claim 3, wherein the agent is administered
approximately when the levels of the positive acute phase inflammatory marker have
20 peaked and begun to decrease.

5. The method according to any one of claims 2 to 4, wherein the agent is
administered approximately when the number of viral particles has begun to stabilize or
increase following administration of the composition, wherein testing for viral particle

25 levels in the subject begins when the positive acute phase inflammatory marker levels
begins to increase following administration of the composition.

6. The method according to any one of claims 1 to 5, wherein the composition
comprises a retroviral antigenic polypeptide.

30
7. The method of claim 6, wherein the retroviral antigenic polypeptide is provided
to the subject by administering- a vaccine comprising the retrovirus antigenic
polypeptide and a pharmaceutically acceptable carrier.

35 8. The method of claim 7, wherein the vaccine further comprises an adjuvant.



7. The nethod of claim6, wherein the retroviral antigenic polypeptide is
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an adjuvant. WD 03/070270 PCT/ AU0D3/00207 35 9. The nethod of claim®6,
wherein the antigenic pol ypeptide is progsded to the subject by

adm ni stering a DNA vacci ne encoding the retroviral antigenic polypeptide.
10. The nmethod of claim6, wherein the antigenic polypeptide is provided to
the 5 subj e by Thhenethod wiipldinns, ofhaeinrtha agtgenic poypeptatepisgaevided tdi¢he

retroviral i | . thde. : ing. i.ral
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resul ting exjdyigbadein retroviral nunmbers has led to an increase in the
nunber, and/or activation, of effector cells directed against the
retrovirus, and wherein the timng of admnistration of the agent is 15
sel ect ed sucH.t ha% ntelimdaafitreatihy a aétrafifab otfestiondh lasmarmmaban subgerit,f the amdthgd

reduced, an i.n tuati [ el's u
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adm ni st difechdmipisteTing teethhowbistt enadgentl Whickhinhéhits theepraduttionppiadémits the
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The net hod of cl ai mé%&lv\her el n sitjve_ acute Phase i nf | anmat or
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posi tive acudeterphizisg when thengenios pdministered. begins to i ncrease fol | owi ng
conclusion of the antiretroviral drug therapy. 35 16. The nethod according

to any one of_, clajm 11 t 5, whereip the antiretyoviral .
y {2. a”ll“he meth08 o]f claim 11, wﬂereﬁ'l the acute phase 1nﬁammatory marker is a

20 positive acute phase inflammatory marker.

13.  The method of claim 12, wherein the positive acute phase inflammatory marker
is c-reactive protein.

25 14. The method of claim 12 or claim 13, wherein the agent is administered
approximately when the levels of the acute phase inflammatory marker have peaked
and begun to decrease.

15.  The method according to any one of claims 12 to 14, wherein the agent is

30 administered approximately when the number of viral particles has begun to stabilize or
increase following administration of the composition, wherein testing for viral particle
levels in the subject begins when levels the positive acute phase inflammatory marker
begins to increase following conclusion of the antiretroviral drug therapy.

35 16.  The method according to any one of claim 11 to 15, wherein the antiretroviral
drug therapy is HAART.



drug therapy is HAART. WD 03/070270 PCT/ AUO3/ 00207 36 17. The net hod
according to any one of clains 1 to 16, wherein the agent is selected from
t he groupwoma®?®eré ng of anti-proliferative drugs, radi ati ecp/Aandoeti bodi es
whi ch inhibit the down regulation activity of the regulator cells. 5 18.

The nethod of claim17, wherein the anti-proliferative drug is selected
fromthe group consi stl ng of vinbl asti nd6and anhydro vinbl astine. 19. The
met hod of claim 17, wherein the antibody is anti-CD4+. 10 20. The net hod
according to any one of claiml to 19, wherein the retrovirus is selected
fromthe group consisting of HV-1, H V-2, HILV-1 and HTLV-2. 21. The
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to a rrarmallan subject with a retroviral infection, wherein the subject is
subsequent | yl&dniThiegnethediofglaim Bh vehpeein tMamhpnohfﬂrmuesdrug & eieothdcidmnhof
limts the JdigngtddRii t or cells, and wherein the
timng of adé %strg%?%ﬁfgﬂg%gﬁ%%gﬁghg% OI s sel g%’t ed such that the activity
of the effector cells is not S|gn|f|cantly reduced, and wherein
fluctuationsld.n tihe rhehed 6f imary, %@i&lﬂk%ﬁbéd&f@mﬁw marker in the
subj ect i,5 used to assist in det erm ni ng when t'he agent is adm nistered.

24. Use of an agent which inhibits the production of, limts the function

of , and/or 280 dd3ermsthod megudiagao anglons dfaglaithe tﬂﬁlmlfv&ﬁfdiﬁ ehefet@dvirus is

medi cament fRlecRd R m troviral
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conposi tion V\/m ch increases the nunber of , and/or activates, effector
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subject is a human.
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20 23.  Use of a composition which increases the number of, and/or activates, effector
cells directed against a retrovirus for the manufacture of a medicament for
administering to a mammalian subject with a retroviral infection, wherein the subject is
subsequently administered with an agent which inhibits the production of, limits the
function of, and/or destroys, regulator cells, and wherein the timing of administration of

25 the agent is selected such that the activity of the effector cells is not significantly
reduced, and wherein fluctuations in the levels of an acute phase inflammatory marker
in the subject is used to assist in determining when the agent is administered.

24, Use of an agent which inhibits the production of, limits the function of, and/or

30 destroys, regulator cells for the manufacture of a medicament for administering to a
mammalian subject with a retroviral infection, wherein the subject has previously been
administered with a composition which increases the number of, and/or activates,
effector cells directed against the retrovirus, and wherein the agent is administered at a
time selected such that the activity of the effector cells is not significantly reduced, and

35 wherein fluctuations in the levels of an acute phase inflammatory marker in the subject
is used to assist in determining when the agent is administered.



37 25. Use of an antiretroviral drug for the manufacture of a nedi canent
for admnistering to a manmal i an subject with a retroviral infection,
wherei n tWwe osiobj2ect is subsequently adm ni stered w th anPpPagaio3ménoch
inhibits the production of, Iimts the 5 function of, and/or destroys,
regul ator cells, and wherein the timng of admnistration of the agent is
sel ected such that the activity of effect3@r cells directed against the
retrovirus is not significantly reduced, and wherein fluctuations in the

| evel s of an acute phase inflammtory marker in the subject is used to
assist in determning when the agent is adm nistered. 10 26. Use of an

agent whi ch 2nhi Qijdes of Qh%%wrﬂndﬁf fon hd SndrddachBCbE A dicaBlt Yor
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phase 1nﬂammatory marker in the subject is used to assist in determining when the
agent is administered.
10
26.  Use of an agent which inhibits the production of, limits the function of, and/or
destroys, regulator cells for the manufacture of a medicament for administering to a
mammalian subject with a retroviral infection, wherein the subject has previously been
administered with an antiretroviral drug, and wherein the agent is administered at a
15 time selected such that the activity of effector cells directed against the retrovirus is not
significantly reduced, and wherein fluctuations in the levels of an acute phase

inflammatory marker in the subject is used to assist in determining when the agent is
administered.



