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METHODS AND COMPOSITIONS FOR TREATING PROSTATE CANCER

FIELD OF THE INVENTION
The present invention relates generally to the field of oncology, and more

'parlicularly to the use of polypeptides and polypeptide complexes in the

prevention or treatment of cancers of the prostate.

BACKGROUND TO THE INVENTION
Prostate cancer is a disease causing significant morbidity and mortality

throughout the world. The most prevalent form. prostatic adehocarcinoma, o

arises from the malignant transformation and clohal expansion of epithelial
cells lining the secretury acini of the prostate gland. Cancers ansing from other
prostatic cells types, including transitional cell carcinoma, messnchymal
tumours and lymphomas are much less common. -

Prostate adenocarcinoma is the most commonly diagnosed internal

malignancy ih men in North America, Northern and Western Europe, Australia

and New Zealand, as well as parts of Africa. Over 650,000 new casss were
diagnosed worldwide in the year 2002, with a monality rate of over 30%. In
Australia, 11,191 new cases were diaghosed in 2001 (age standardized
Incidence of 128.5 per 100,000) and 2,718 men died of the disease. The
Incidence 15 higher in the United States of America (173.8 per 100,000 per
year) where ih 2005 it is estimate there were over 230,000 hew cases

diaghused, and ovver 30,000 deaths.

Given the prevalence and seriousness of the disease, sighificant research has
been directed to achisving control or a cure for prostate cancer. There are a
number of treatments known in the art, all of which have at least one adverse

side effect,

Surgical removal of the prostate by radical prostatectomy with or without a
regional lymph node dissection is the yardstick against which all other

PCT/AU2008/000424
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theraples are measured. The standard'retropubic approach was repopularised
In the 1980s and has been refined into a procedure with a high cure rate and
low morbidity. With careful patient selection, 10 year biochemical free
recurrence rates of /5% are reported. Improved understanding of pelvic
anatomy, particulaily at the prostatic apex and the course af the neurovascular

bundles has reduced the two most common complications, incontinence and

iImpotence, however these side effects remain significant problems.

External beam radiotherapy can achieve long-term survival in some patients,
with success being propartional the total dose delivered to the prostate tumour.
In ealy series where median dose was limited due to rectal and'urihary

toxicity, binchemical failure occurred in over 50% of patients. Improvements in

radiation planning and delivery such as’using conformal or intensity-modulated
protocols increase the precision by which the target volume corresponds to the
tumour volume, allowing higher doses of radiotherapy to be delivered without
an increase in complications. Modern series have a similar 10 year
biochemical recurrence free survival to radical proslatectomy. The main
difference Is in the side effect profile, with radiotherapy being associated with a
lower risk of urinary incontinence and impotence, at least in the short term,
though potency rates do not differ greatly from those achieved with nerve
sparing surgery. Severe toxicity such as chronic radiation cystitis or proctitis

can be patticularly difficult ta manage if they occur.

Brachytherapy involves the placement of radioactive seeds transperineally
directly intu the prostate gland, and has reported biochemical-recurrence free
survival rates similar to radical prostatectomy for highly selected cases. Two
types of radioactivity sources are used, both of which have a short distance of
action: low energy sources, typically iodine-125 or palladium-103 seeds which
are placed permanently in the prostate, and high enerqy sources such as

iridium-192 seeds which are placed temporarily. The main advantage of this

technique over external beam radiotherapy is that with accurate preoperative
computed tomography planning and appropriate seed placemer'\t under

transrectal ultrasound control, a highly conformal dose distribution can be

PCT/AU2008/000424
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achieved which results in the delivery af much highet radiation doses with a
lower incidence of rectal and heurovascular side-effects. One of the main
difﬁcul[ies‘ eveh with modem practice is mismatch in dosimetry between
planned implantation and the actual implantation because of seed migration,

anisotropy af the individual seeds and inaccurate needle placement. In cases

where inadequate dosimetry is suspected on postoperative imaging addition

implants, or for high risk cases, adjuvant low dose external-beam radiotherapy
may be added. The predominant complication is obstructive urinary symptoms
due to gland oedema which may precipitate acute urinary retention. There is
also a high nisk of urinary incontinence following a formal transurethral

resection.

Once cancerous cells have metastasized to areas remote from the prostate,
removal of the gland becomes redundant. Despite the opportunity for early
diagnosis with PSA testing, it is estimated that in the United States at least
14% of patients still present with disease that has spread autside the prostate
gland and is no longer amenable to curative therapy. In addition, 30-40% of
patients treated initially with curative intent will ultimately fail. Androgen
deprivation therapy (ADT) is the usual first line treatment for patients with
metastatic disease. Early randomised trials established that treatnment of
advanced prostate canc;ér with ADT improves symptoms, delays progression,
and probably prolongs survival, with reparted remission rates of 85-95%.

The growth of prastate cancer cells at some stages of disease can be reliant

~oh the presence of androgen. ‘Methuds for altering the levels of androgen in

the blood have been the subject of intensive investigation for many years,
revealing a number of sites in the androgen endocrine axis that may be
targeted, the mast drastic method being bilateral orchidectomy, or surgical
castration, For 'many years, this procedufe was the ’'gold standard’ for
achieving anhdrogen deprivation., Followihg removal of the testes, serum
testosterone falls rapidly to reach castrate levels (<50 ng/ml) within 9 hours.
Side effects are secondary to this fall in testosterone and include hot flushes,

reduced libido, fatigue and erectile dysfunction. Increasingly recognised are

PCT/AU2008/000424
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the medium to long term complications which include osteoporosis, weight
gain, loss of muscle mass, anaemia, and a decline in coghitive function.
Despite its relatively low cost, surgical castration has fallen from favour due to
its irreversible nature and adverse psychological impact on the patient.

Androgen levels may be lowered using LHRH agonists and antagonists.

These agents, including leuprolide, goserelin and triptorelin, are peptide
analogues of LHRH, and are given as a subcutaneous depot injection every 1-
4 months. When released in a pulsatile manner from the hypothalamus, LHRH
stimulates the release of LH from the anteriar pituitary, and thus testicular
production of testosterone. Chronic administration of supraphysiological levels
however, after an initial increase in testosterone secretion, leads to
downregulation of its cognate receptor and suppression of LH release.
Castrate levels of testosterone are seen within 3 to 4 weeks. Because of the
initial ‘testosterone flare reaction’, patients with critical tumour deposits must
be covered with an antiandrogen when initially commencing a LHRH agonist.
The side effects of treatment with LHRH agonists and antagonists are identical

to those seen post bilateral orchidectomy.

Another class of drug are the antiandrogens. These agents compete with
teslosterone and dihydrotestosterone (DHT) for androgen receptor (AR)
binding but do not themselves activate the receptor. Non-steroidal
antiandrogens such as bicalutamide, flutamide and nilutamide act only at the
level of the androgen receptor, induding in the hypothalamus where
testousterone inhibits LHRH secretion in a classical negative feedback lvop. LH
secretion, and thus serum testosterone, remains high, so the sexual side
effects experienced with castration are reduced. However, due to the
peripheral aromatization of testosterone to oestradiol, gynecomastia and

breast paih are both common and troublesome. Steroidal antiandrogens, such
as the progestin cyproterone acetate, also inhibit LH secretion. but are
assocCiated with the sexual side effects of surgical and medical castration. At

least in nietastatic disease, antiandrogen monotherapy has been shown to be

PCT/AU2008/000424
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inferior to castration and t's use is therefare |imited to patients unhable or

unwilling to tolerate the side effects of androgen suppression

Prolonged combination of an antiandrogen with an LHRH agonist is termed
maximum androgen blockade as the regimen inhibils the effects of the

remaining 5-10% of testosterone derived from the adrenal gland. Althaugh an

improvement in survival compared to castration alone is reported in some

studies, routine use as a first line hormonal treatment is not recommended by
most due to increased cost and side effect profile.

Estrogens are also known in the art for their ability to deplete androgen.
Although initially the harmonal treatment af choice, diethylstilbestrol, which
suppresses testosterone production by inhibiting the release of LHRH from the
hypothalamus, is now rarely used as a first line agent because of concems

about cardiovascular toxicity.

Thus, the prior art describes many treatment modalities that either phySic,ally
remove or destroy prostate cahcer cells. Other approaches conhcentrale on
limiting the amount of circulating testosterone by surgical or chemical means.
From the foregoing description of the prior an, it is clear that every treatment

has at least one problem, and may therefore be unsuitable for cettain classes
of patient. [t is an aspect of the present invention to overcome or alleviate a
problem of the prior art by providing alternative treatments for proslate cancer.

A reference herein to a patent document or other matter which is given as prior
art is not to be taken as an admission that that document or matter was, In

Australia, known or that the information it contains was pait of the common
general knowledge as at the priotity date of any of the claims.

Throughout the descriptioh and claims of the specificationh, the word “comprise”
and variations of the word, such as "comprising” and “comprises”, 1S nhot

intended to exclude other additives, compaonents, integers or steps.

PCT/AU2008/000424
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SUMMARY OF THE INVENTION

In one aspéct, the present invention provides a polypeptide comprising an
androgen binding region, the androgen binding region capable of binding to an
andragen at a sufficient affinity or avidity such that upon administration of the
polypeptide to a mammalian subject the level of biologically available
androgen 1s decreased. Applicant proposes that the administration of a
polypeptide capable of sequestering androgen (for example testosterone or
dihydrotestosterone) in the body may have efficacy in the treatméht of prostate

cancer,

In the context of the invention, the level of biologically available androgen may

be measured in the blood of the subject, or within a prostate cell, and

especially a prostate epithelial cell. Inh one form of the invention the

polypeptide is capable of decreasing the level of biologically available
andiogen such that the growth of a prostate cancer cell in the subject is
decreased or substantially arrested.

The pulypeptide may have an affinity for testusterone that is equal to or greater
than the affinity between the androgen and a protein that naturally binds to
testosterone such as the sex hormone binding globulin. The polypeptide may
have an affinity for testosterone that is equal to or greater than the affinity
between testosterone and the 5-alpha-reductase enzyme pfesent' In a prostate

epithelial cell, or the androgen receptor present in a prostate epithelial cell.

In another form of the invention the polypeptide has an affinity for
dihydrotestosterone that is equal to or greater than the affinity between
dihydrotestosterone and the androgen receptar ptesent in a prostate epithelial

cell.

In ohe form of the polypeptide, the androgen binding region includes the
androgen binding domain from the human androge.n receptor, or the androgen

binding domain from the sex hormone binding globulin.

PCT/AU2008/000424
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In one form of the invention the polypeptide has a single androgen binding
region. In another form, the polypeptide includes a carrier region such as the
Fc region of I‘mman IgG. A further form of the polypeptide includes a
multimensation domain. The polypeptide may take the form of a fusion

protein, a monoclonal antibady, a polyclonal antibody, or a single chain

antibody.

The polypeptide may be capable of entering a prostate cell, and especially a -

prostate epithelial cell.

In another aspect, the present invention provides a nucleic acid molecule
capable of encoding a polypeptide as described herein. A further aspect of the
present ihvention provides a vector mcluding a nucleic acid molecule as

descrnbed herein.

In another aspect the present invention pravides a composition comprising a
polypeptide as described herein and a pharmaceutically acceptable catrrier.

Yet a further aspect of the invention provides a method for treating or
preventing prostate cancer in a subject, the method including administering to
a subject In need thereof an effective amount of a ligand cépable of binding
andragen in the subject, such that the level of biologically available androgen

In the subject is decreased. |n aone embadiment of the method, the ligand is a .

pulypeptide as described herein.

Another aspect of the invention provides a method for treating or preventing
prastaie cancer, the methad including administering to a subject in need

thereof an effective amount of a nucleic acid molecule as described herein, ar

a vector as described herein.

PCT/AU2008/000424
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In yet a further aspect, the present invention provides a method far treating or

preventing testosterone flare including administering to a subject in need
thereof an effective amouit of a polypeptide as described herein.

St a further aspect of the invention pravides that use of a polypeptide as

described herein in the manufacture of a medicament for the treatment or

prevention of prostate cancer or testosterone flare.

In another aspect, the present invention provides the use of a nucleic acid
molecule as described herein in the manufacture of a medicament for the
treatment ar prevention of prostate cancer or testostsrone flare.

Still a further aspect provides the use of a vector as described bherein ih the
manufacture of a medicament for the treatment or prevention of prostate

cancer or testosterone flare.

BRIEF DESCRIPTION OF THE FIGURES
FIG 1 shows a map of pFUSE-hlgG1-Fc2.
FIG 2 shows a map of pFUSE-hlgG1ez-Fc2.
FIG 3 shows a map of pFUSE-mlgG1-Fc2.
FIG 4 shows a Wastern blot of AR IgG1 Fc, and lgG1 Fc control fusion
proteins. |
FIG S is a bar graph showing growth of human prastate cancer cell line LNCaP
in the presence of various media and treatments over O days as assessed by
calcein fluorescence assay.
FIG 6A is a graph depicting standard curve of kivown free testosterone
concentrations versus free testosterone concentration of control mouse serum
and free testasterone concentration of serum from mice injected with the AR-
|gG1 Fc fusion protein,

FIG 6B is a bar graph showing mean values of free testosterone levels In

serum of micé either injected or not with AR lgG Fc fusion protein (25 ng).

PCT/AU2008/000424
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FIG 6C Is a bar graph showing average values of free testosterone levels in
serum of SCID/NOD mice either injected with AR-LBD lgG1 Fc fusion protein

(200pl of 1ng/ul) or with control lgGG1 Fc protein (200ul of 1ng/ul).
FIG 6D is a bar graph showing average percentage values of free testosterone

“levels In serum of SCID/NOD mice either injected with AR-LBD igG1 Fc fusion

protein (200pl of 1ng/pl) or with contral IgG1 Fc protein (200pl of 1ng/pl).

FIG 7A depicts representative images of final prosiate tumour sizes of NUDE
mice either injected twice with either a control IlgG1 Fe protein or AR-LBD lgG1
Fc fusion protein. '

FIG 78 is a graphical depiction of prostate tumour volumes throughout
timecaurse of the experiment of male NUDE mice e'rth‘er Injected twice with

- elther control |gG1 Fc protein or with AR-LBD IgG1 Fc tusion protein.

FIG 7C is a graphical depiction of final prustate tumour welghts{my) of méle
NUDE mice either injected twice with either control 1gG1 Fc protein (IgG) or

‘with AR-LBD lgG1 Fc fusion protein {AR).

DETAILED DESCRIPTION OF THE INVENTION
In a first aspect the present invention provides a polypeptide comprising an
androgen binding region, the androgen binding region capable of binding to an
androgen at a sufficient affinity or avidity such that upon administration of the
polypeptide to a mammalian subject the level of biologically available
androgen 1S decreased. Applicant proposes that polypeptides having the
ability to bind to an androgen are useful in decreasing the level of hormones

such as testusterone and dihydrotestusterone that are bivlogically available to
stimulate the androgen receptor in prostate cancer cells. In the normal course
of events, the androgen receptor binds testosterone or its active metabolite
dihydrotestosterone. After dissociation of heat shock proteins the receptor
enters the nucleus via an intrinsic nuclear localization signal. Upon steroid

hormone binding, which may occur either in the cytoplasm or in the nucleus,

the androgen receptor binds as homodimer to specific DNA elements present
as enhancers in upstream promoter sequences of androgen target genes. The

next step IS recruitment of coactivators, which can form the communication

PCT/AU2008/000424
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brnidge betweenh receptor and several components of the transcription
machinery. The direct and indirect communication of the andfogen receptor
complgx with several components of the transcription machinery such as RNA-
polymerase Il, TATA box binding protein (TBP), TBP associating factors, and
general transcription factors, are key events in nuclear signaling. This
communication subsequently trnggers mRNA synthesis and consequently

protein synthesis, which finally results in an androgen response.

Activation of the androgen receptor in prostate epithelial cells stimulates cell
proliferation by increasing the transcriptian of genes encoding proteins such as
cdks 2 and 4 that drive progression thraugh G1, ultimately leading to Rb
hypophosphorylation and commitment to cell division, Androgen receptor
activation has recently been shown to result in non-genomic activation of a
number of mitogenic cascades, including src/raffERK and PI3K/AKT. Activation
of these pathways occurs rapidly, is ligand dependent, and results from direct
interaction between the receptor and upstream kKinases. While this stimulation
of cell praliferation i1s necessary to maintain homeostasis in the prostate (1-2%
of luminal secretory cells are lost per week though attrition or'injury) the growth
response must be regulated to prevent the uncontrolled growth seen in the
cancerous prostate. The polypeptides described herein are proposed to limit
or prevent activatioh of the androgen receptor by androgen, thereby
decreasing or substantially arresting proliferation of prostate cells.

The present invention Is distinct from approaches af the prior art that aim to

decrease the production of testosterune. As discussed in the Background
section herein, this has been achieved by removal of the testes, or decreasing

the production of testosterone by the testes using compounds such as
GNRH/LHRH agonists, GnRH antagonists, and cyproterone acetate {(CPA).
Compounds such as ketoconazole and corticosteroids have been used in the

prior art to decrease the production of tastosterohe precursors by the adrenal

glands. By contrast, the polypeptides of the present invention do not directly
interfere with the production of androgen by the testes or adrenal glands. |

PCT/AU2008/000424
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The present invention is also distinguished from prior art treatments that act to
block SH-alpha-reductase, the enzyme present in pl‘ostate cells that converts
testosterone to dihydrotestosterone. While both testosterone and
dihydrotestosterone are able to hind the androgen receptor,
dihydrotestosterone is the more patent ligand. Thus, while compounds such

as finasteride and dutasteride can limit the level of dihydrotestosterone in a

prostate cell, they are unable to affect the binding of testosterone directly to
the androgen receptor. In ohe embodiment of the invention, the polypeptides
of ‘the present invention are proposed to bind both testosterone and

dihydrotestasterone, thereby overcoming the problems of G-alphasreductase
Inhibitors,

The pulypeptides of the present invention are also different to compounds of
the pnor ant such as CPA, bicalutamide, nilutamide and flutamide that bind to
the androgen receptor. While these compounds have some efficacy in
blocking the receptar they are incapable (as a manotherapy) to sufficiently limit
andragen signaling. As mentioned supra antiandrogen monotherapy has been
demonstrated to be inferior to castration at prolonging survival in metastatic
disease. In addition, about 10% of hormone refractory prostate cancer
patients have onhe or more mutations in the androgen receptor gene such that
compounds of the prior art may act as partial agonists of the androgen

receptor,

By contrast, the polypeptides of the present invention bind to molecules that

have a set chemical structure, and "escape” varnants do not need to be

accounted for.

In one farm of the invention the polypeptide is capable of binding ta
testosterone present in the blood. The vast majority of testosterane in the
blood 1s bound to proteins such as steroid hormaone binding globulin (SHBG)
and albumin. The remaining testosterone (only about 1-2%) is biologically
available. It is this unbound or “free” testosterone that is available for

ac;tivating the androgen receptor in prostate cells.
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In another form of the invention the polypeptide IS capable of entering' a
prostate cell, and particularly a prostate epithelial cell. As used herein. the
term “prostate cell” is intended to include a cell within or associated with the
actual prostate gland, or a cell that has metastasized from the gland and has

lodged in a remote location to form a secondary tumour. The term is also

intended to include a cell that is in transit from the prostate gland to the final
site of lodgement at the secondary tumour. The advantagé of a polypeptide
capable of éntering the cell is that the opportunity is increased to bind all
testosterone and/ar dihydrotestosterane. |t is pertinent to note that althaugh
after androgen ablation therapy serum testosterone levels decrease by ~90%,
the concentration ot dihydrotestosterone in the prastate declines by only 60%
(Labrie, F et al., Treatnment of prostate cancer with gonadotropin releasihg
hormone agonists. Endocr review, 1986. 7(1): 67-74). This failure to achieve
more complete ablation of androgen in the prostate may be due to cells in the
organ retaining a reseivoir of androgen capable of acting in an autocrine
manner., There is also evidence tp suggest» that hormone refractory prastate

cancer cells are capable of synthesizing androgens from circulating precursor

molecules. Given that androgen receptor blockers of the prior ant are simple
competitive inhibitors, it is likely that intraprostatic steroidogenesis leads to
locally increased concentrations of androgens thereby contributing at least in
part to the faillure of these therapies. By directly targeting intracellular
andragen, Applicants propose a more complete ablation of androgen is
possible using the polypeptides described herein, Certain forms of the
polypeptide including features that facilitate entry intu prostate cells are

disclosed infra.

In a further form of the invention the polypeptide is capable of binding to
andraogen present in both the blood and in cells of the prostate. Typically, a
palypeptide that has the ability to enter a cell, will alsa be operable in the

blood.

PCT/AU2008/0600424
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It is Droposed that the polypeplide Is capable of removing testosterone such
that the level of androgeri available to bind to its receptor is decreased such

that the growth of a prostate cancer cell in the subject is decreased or
substantially arrested. g

Typically, the polypeptide has an affinity or awvidity for androgen that Is

sufficiently high such that upon admuustration of the polypeptide to a
mammalian subject, the polypeptide is capable of decreasing biologically
available androgen in the blood. or prostate cell of the subject to a level lower
than that demonstrated in the subject prior to administration of the palypeptide.
As used herein, the term “biologically available andragen®™ means androgen
that is capable of exerting its biological activity. As will be understood, the
present invention is directed to pulypeptides that are capable of decre'asing the
level of androgen available to bind to an androgeﬁ receptor in a prostate cell of
the subject. Thus, in the context of the present invention where the androgen
is testosterone, the term “biolagically available” means that the testosteraone is
free Tor conversion to d'ihydrotestosterone, which subsequently binds to the
andragen receplar. Where the androgen is dihydrotestosterone (typically
located intracellularly) the term “bivlogically available® means that the
dihydrotestosterone is free to bind to an androgen receptor.

The vasat majority of testosterone circulating in the blood is not biologically
available in that about 98% is bound to serum protein, In men, approximately
40% of serum protein bound testosterone is assoclated with sex hormane
binding globulin (SHBG),which has an association cunstant (Ka) of about 1 x
10° L/imol. The remaining approximately 60% is bound weakly to albumin with
a Ka of about 3 x 10° L/mol.

As discussed supra, the polypeptide is capable of decreasing biologically
available androgen. In this regard, androgen assays that measure levels of
total testosterone in the blood (i.e. free testosterone in addition to bound
testosterone) may not be relevant to an assessment of whether a polypeptide

is capable of decreasing biologically available androgen. A more relevant

PCT/AU2008/000424
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- assay would be one thal measutes free testosterone. These assays require

determination of the percentage of unbound testosterone by a dialysis
procedure, estimation of total testosterone, and the calculation of free
testosterone. Free testosterone can also be calculated if total testosterone,

SHBG, and albumin concentrations are known (Ssdergard et al, Calculation of

free and bound fractions of testasterone and estradiol-172 to human plasma

proteins at body temperature. J Steroid Biochem. 16:801-810: the contents of

" which is herein incorporated by reference). Methods are also available for

10

15

20

*

ch

30

determination of free testosterone without dialysis. These measurements may
be less accurate than those including a dialysis step, especially when the
testosterone levels are low and SHBG levels are elevated (Rosher W. 199/

Errors in measurement of plasma free testosterane. J Clin Endocrnnol Metabol.

82:2014-2015; the contents of which is herein incorpurated by reference;
Giraudi et al. 1988. Effect of tracer binding to serum proteins on the reliability
of a direct free testosterone assay. Steroids. 52:423-424 the contents of
which 1S Nherein incorporated by reference). HOWBVBT; these assays may
nevertheless be capable of determining whether ar not a polypeptide Is

capable of decreasing biblogically available testostetone.

Another method of measuring biologically available testosterone is disclosed
by Nankin et al 1986 (Decreased bioavailable testosterone in aging normal
and impotent men. J Clin Endocrinol Metab, 63:1418-1423; the contents of
which is herein incorparated by reference. This method determines the
amaunt of testosterone not bound to SHBG and includes that which Is
nonprotein bound and weakly bound to albumin. The assay methud relies on
the fact SHBG is precipitated by a lower concentration of ammonium sulfate,
50%, than albumin. Thus by precipitating a serum samplé with  50%
ammonium sulfate and measuring the testosterone value in the supernate,
non-SHBG bound or biolagically available testosterone is measured. This

fraction of testasterohe can alls.o be calculated if total testosterone, SHBG, and

albuniin levels are known.

PCT/AU2008/000424
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Further exemplary methods of determining levels of biologically available
testosterone are disclosed in de Ronde et al., 2006 (Calculation of bicavailable
and free testosterone in men: a comparison of 5 published algorithms. Clin
Chem 52(9):1777-1784. the contents of which is herein incorporated by

referance).

In determining whether or not a polypeptide is capable of decreasing
biologically available androgen, the skilled person will understand that it may
be necessary to account for the natural variability of androgen levels that occur
in an individual. It is known that androgen levels fluctuate in an individual
according to many factors, including the time of day and the amount of
exercise performed. For example, it is typically observed that testosterane
Iéve|s are highef ih the moming as compared with a sample taken ih the
evehing. Even in consideration of these varnables, by careful planning of
sample withdrawal, or by adjusting a measurement obtained from the
individual, it will be possible to ascertain whether the level of biolagically

-available andragen in an individual (and the resultant effect on prostate cancer

growth) has been affected by the administration of a polypeptide as described

herem.

In one form of the invention the polypeptide has an affinity or awvidity for
androgen that is equal to or greater than that nated for natural cariers of
androgen in the body, As discussed supra, natural carriers in the bload

include SHBG and serum albumin. |t will be appreciated that the binding ot

testusterone to these natural carriers is reversible, and an equilibrium exists
betweenh the bound and unbound form of testosterone. In one form of the
invention. to decrease the level of biologically available testosterone to below
that narmally present (i.e. less than 1-2%) the polypeptide has an affinity or
avidity for testasterone that is greater than that between SHBG and

testosterone, or albumin and testosterone. Thus in ohe embodiment of the
invention, the polypeptide has an association constant for testosteronhe that I1s
greater than thatyfor a natural carrier of testosterone such as SHBG or

albumin.

PCT/AU2008/000424
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In another form of the invention the 'polypeptide has an association constant
for testosterone that is about equal or less than that for a natural carrier of
testosterone such as SHBG or albumin. In this embodiment, while free
testosterone may bind to SHBG or albumin in preference to the polypeptide,

addition of polypeptlide to the circulation may still be capable of decreasing the

level of biologically available testosterone. Where the polypeptide has a low
affinity or awvidity for androgen, it may be necessary lo administer the
polypeptide in larger amounts to ensure that the level of androgen is

sufficiently depleted.

In another form of the invention the polypeptide has an affinity or avidity for

testosterone that is sufficiently high such that it is capable of maintaining
decreased levels of testosterone levels within a prostate cell, and more
particularly a prostate epithelial cell. Administration of the polypeptide can
achieve this result by depleting the level of testosterone in the circulation such
that little or no testosterane can therefare enter the prostate cell. Additionally,
or alternatively, the polypeptide is capable of entering the prostate cell and

binding tu intracellular testosterone and or dihydrotestosterone.

Given that testosterone is converted into dihydiotestosterone in cells of the
prostate, another form of the invention pravides that the polypeptide has an
affinity or avidity for dihydrotestosterone that is sufficiently high such that it is
capable ot maintaining decreased levels ot dihydrotestosterone levels within a
prostate cell. These furmis of the pulypeptide itlterfére with the binding of
testosterone and/or dihydrotestosterone to the androgen receptor within the
prostate cell. Testosterone and dihydrotestosterone are capable of binding to
common targets (for example, the androgen receptar) and it is therefore
propased that the polypeptides described herein are capable of binding to both
testosterohe and dihydratestosterone. As discussed supra the proliferation of

cancerous prostate cells may be decreased or arrested by inhibiting the

androgen response of the cells.

PCT/AU2008/000424
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In a further form of the invention the polypeptide has anh affinity or avidity for
testosterone that is equal to or greater than that between testosterone and the
S-alpha-reductase enzyme present in prostate cells. As discussed supra upon
entry of testosterone into the prostate cell, the steroid is typically converted to
dihydrotestasterone by the enzyme 5-alpha-reductase. |n order to decrease

the opportunity for intracellular testosterone to associate with the enzyme the

polypeptide has a greater affinity than the enzyme for testosterone. By virtue
of the superior binding of testosterone with the polypeptide, the opportunity for |
conversion of testosterone to dihydrotestosterone is limited. However, given
the potential for a reversible associatian of testosterone with the palypeptide,
all testosterone may eventually be converted to the dihydra form. |n that case
It I1s desirable for the polypeptide to be capable of binding toa testosterone and
dihydrotestosterone, or for two polypeptide species to be used {une fur binding
testosterone, and the other for binding dihydrotestosterone). In this
embodiment of the invention, the precursor and product of the 'S-alpha-
reductase catalyzed reaction are liable ta be bound to polypeptide the end
result being lowered concentrations of bath molecules available for binding to

the androgen receptor.

In a further embodiment, the polypeptide has an affinity or avidity for
dihydrotestosterone that is equal to or grea'ter than the affinity or avidity of the
androgen receptor for dihydraotestosterone. In another embodiment, the
polypeptide has an affinity or avidity for testasteroné that is equal to ar dreater

than the affinity ar avidity of the androgen receptor for testosterone.

In one form of the invention the androgen binding region of the polypeptide

includes a sequence or sequences derived from human androgen recepilor.
The gene encoding the receptor is more than 80 kb long and codes far a
protein that has 3 major functional domains, The N-terminal domain, which

serves a modulatory function, is encoded by exon 1 (1586 bp). The DNA-
binding domain is encoded by exons 2 and 3 (152 and 117 bp, respectively).
The steroid-binding domain is encoded by 5 exons which vary from 131 to 288

PCT/AU2008/000424
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bp inh size, The amina acid sequence aof the human androgen receptor protein
~I1s described by the following sequence (SEQ ID NO: 1).

mevqaglalary
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The present invention also includes functional equivalents'of sefuences as
descnbed herein. As will be understood, bases or amino acid residues may be -
substituted, repeated, deleted or added without substantially affecting the

- biological activity of the polypeptide. It will thetefore be understood that strict

congruence with the above sequence is not necessarily required.

In one embodiment, the androgen binding region includes or consists of the
sterold binding domain of the human androgen receptar, but is devaid of
regions of the receptor that are not involved in steroid binding. The iIdentity of
the steraid binding domain of the androgen receptor has beeh the subject of
cunsiderable research (Ai st al, Chem Res Toxicol 2003, 16, 1652-1660; Bohl
et al, J Biol Chem 2005, 280(45) 37747-37754; Duff and McKewan Mol

.Endocrinol 2000, 19(12) 2943-2954; Ong et al, Mol Human Reprod 2002, 8(2)

101-108, Paujol et al, J Biol Chem 2000, 275(31) 24022-24031; Rosa et al, J
Clin Endocrinol Metab B/7(9) 437/8-4382;, Marhefka et al, J Med Chem 2001,
44, 1729.1740; Matias et al, J Biol Chem 2000, 275(34) 26164-26171
McDonald et al, Cancer Res 2000, 60, 2317-2322; Sack et al, PNAS 2001
98(9) 4904-4909; Steketee et al, Int J Cancer 2002, 100, 309-317; the
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contents aof all aforementioned publications are herein incorporated by
reference). While the exact residues essential for steroid binding are not
Known, it is generally accepted that the region spanning the approximately 250
amino acid residues in the C-terminal end of the molecule is involved
(Trapman et al (1988). Biochem Biaphys Res Commun 153, 241-248, the

cantents of which is herein incorporated by reference).

" In one embodinient of the invention the androgen binding region includes or

consists of the sequence defined by the 230 C-terminal amino acids of SEQ ID

NO:1 (1.e. the sequence dnnhgpd ... iyfhtg). -

Some studies have considered the crystal structure of the steroid binding

domain of the human androgen receptor in complex with a synthetic steruid.
For example, Sack et al (ibid) propose that the 3-dimensional structure of the
receptor includes a typical nuclear receptor ligand binding domain fold.
Another study proposes that the steroid binding pocket has been consists of
18 (noncontiguous) amino acid residues that interact with the ligand {Matias et
al, ibid). It is emphasized that this study utilized a synthetic steroid ligand
(R1881) rather than actual dihydrotestosterone.  The binding pocket for
dihydrotestosterone may include the same residues as that shown for R1181

or different residues.

Further crystallographié data on the steroid binding domain complexed with

-agonist predict 11 helices (no helix 2) with two anti-parallel B-sheets arranged

In a sou-called helical sandwich pattern. In the agonist-bound conformation the
carboxy-terminal helix 12 is positioned in an orientation allowing a closure of
the steroid binding pocket. The fold of the ligand binding domain upon
hormone binding results in a globular structure with an interaction surface for

binding of interacting proteins like co-activators,

- From the above, it will be understood that the identity of the minimum residuss

required for binding androgen has not been settled at the filing date of this
application. Accordingly, the present invention is not limited to polypeptides

PCT/AU2008/000424
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Including any specific region of the andraogen receptor as discussed supra, |t
IS therefore to be understood that the scope of the present invention is not
necessarily limited to any specific residues as detailed herein.

In any event, while the steroid binding domain of the andragen receptor is
generally well conserved, the skilled person understands that various
alterations may be made without completely ablating the ability of the
sequence to bind steroid. Indeed it may be possible to alter the sequence to
improve the ability of the domain to bind androgen. Therefore, the scope of
the invention extends to functional derivatives of the steroid binding domain of
the androgen receptar. It is expected that certain alterations could be made to

the ligand binding domain sequence of the androgen receptor without

substantially affecting the ability uf the dumain to bind androgen. For example,
the possibility exists that certain amino acid reSidues may be deleted,
substituted, or repeated. Furthermore, the sequence may be truncated at the
C-terminus and/ar the N-terminUs. Furthermare additional bases may be
introduced within the seguence. Indeed, it may be possible to achieve a
sequehce having an increased affinity for androgen by trialing a humber of

alterations to the aminu acid sequence. The skilled person will be able to
ascertain the effect (either positive or negative) on the binding by way of
standard association assay with androgen, as described supra.

In one form of the invention the androgen binding region of the polypeptide
Includes a sequenhce or sequences derived from the steroid bindihg domain of

the human sex hormone binding protein. The sequence of human SHBG is
described by the following sequence (SEQ ID NO: 2)

esrgplatsr 1111111111 rhtrqgwalr pvlptgsahd ppavhlsngp ggepiavmtf
Aitkitktnss sfevriwdpe ygvifygdtnp kddwfinlglr dygrpeigltn hwagl tvyay
prlddmaxrwhg vevkmendsv llevdqeevlirquvsqplt skrhpimria lanllfpasn
lrlplvpald goelrxroiswlol kqacg‘.aa:-mp LidYmoadves npglflphgt Jactnirxdip
gphaepwals ldlglkqaag sqhllalglp =npswlslhl gdgkvvlssg sqpqldlplv
1glplqllls maxrvvlaggs kmkalalppl glapllnlwa kpggrltlga lpgedsstct
cingltwaggqg rldvdgalnr sheiwlhecp gepygngldas h

PCT/AU2008/000424
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The scape of the invention extends to fragments and functionhal equivalents of

the above protein sequence.

As discussed supra, SHBG is responsible for binding the vast majority of
testosterone in the serum, Accordingly, in ane embadiment of the invention
the steroid binding domain of the polypeptide includes the testosterone binding
domain of SHBG. This domam comprises the region defined approximately by
amino acid residues 18 to 177.

While the polypeptide may have more than one andragen binding region. in
one form af the invention the polypeptide has only a single androgen binding
region. This form of the polypeptide may be advantageous due to the
potentially small size of the molecule. A smaller polypeptide may have a
longer half life in the circulation, or may elicit a lower level of immune respotmée
in the body. A smaller polypeptide may also have a greater ability to enter a

prostate cell to neutralize intracellular androgen.

It is emphasized that the steroid binding region of the polypeptide is not
restricted to any specific sequence or sequences described herein. The
domain may be determined by reference to any other molecule -(natural or
synthstic) capable of binding androgen including any cérrier protein. enzyme,

receptor, or antibody.

I one form of the invention, the polypeptide includes a carrier regibn, The role
of the carmrier region is tu perfurm any one or more of the fullowing functions: to
generally improve a pharmacological propeity of the polypeptide including

“bioavailability, toxicity, and half life; limit rejection or destruction by an immune

respanse; faciltate the expression ar purification aof the polypeptide when
produced in recombinant form: all as compared with a polypeptide that does

hot ihclude a catrier region,

In one form of the invention, the carrier region comprises sequence(s) of the

Fc region of an IgG molecule. Methods are known in the art for generating Fc-

PCT/AU2008/000424
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fusion proteins, with a humber beihg available in kit form by companies such
as Invivogen (San Diego CA). The Invivogen system is based on the pFUSE-
Fc range of vectors which include a collection of expression plasmids designed
to facilitate the construction of Fe-fusion proteins. The plasmids include wild-
type Fc regions from various species and isotypes as they displag.; distinct

properties

The plasmids include sequences from human wild type Fc regions of IgG1,
l9G2, 1gG3 and lgG4. Furthermore, engineered human Fc regions are

available that exhibit altered properties.

pFUSE-Fc plasmids teature a backbone with two unique promoters: EF1

prom/HTLV S'UTR driving the Fc fusion and CMV enh/Ferl prom driving the
selectable marker Zeocin. The plasmid may also contain an IL2 signal
sequence for the generation of Fc-Fusions derived from proteins that are not

naturally secreted.

The Fc region binds to the salvage receptor FcRn which protects the fusion
protein frum lysosomal degradation giving increased half-life in the circulatory
system. For example, the serum half-life of a fusion protein including the
human IgG3 Fc region is arouhd one week. In another form of the invention
the Fc regian includes human IgG1, IgG2 or lgG4 sequenc;e which increases
the serum halfife to around 3 weeks, Serum half-life and effector functions (if
desired) can be modulated by engiheering the Fc region to increase or reduce

its binding to FcRn, FcyRs and C1q respectively.

Increasing the serum persistence of a therapeutic antibody is one way to
imprave efficacy, allowing higher circulating levels, less frequent administration
and reduced doses. This can be achieved by enhancing the binding of the Fc

redioh to heonatal FcR (FcRn). FcRn, which is expressed on the sutface of
endothelial cells, binds the IgG in a pH-dependent manner and protects it from
degradation. Several mutations located at the interface between the CH2 and

CH3 domains have been shown to increase the half-life of IgG1 (Hinton PR. et

PCT/AU2008/000424
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al., 2004, Engiheered human IgG ahtibadies with longer serum half-lives in
primates. J Biol Chem. 279(8).6213-6; the contents of which s herein
incorporated by reference, Vaccaro C. et al., 2005. Engiheering the Fc region
of immunoglobulin G to modulate in vivo antibody levels. Nat Biotechnol.
23(10):1283-8: the cantents of which i1s herein incorparated by referance).

In one form of the invention, the carrier region conmprises sequence(s) of the
wild type human Fc 1gG1 region, as described by the following sequence (SEQ
ID NO: 3), or functional equivalents thereof

thteppepap ellggpuvil fppkpkdtlm isrtpevtoev vvdvshedpqg vkinwyvdgv
avhnaklkpr eqggynsglyrv vevilvlihgn wldgkeykock venkalpapi ekl iskakgqg
prepavytlp pareemthng vslteclviigqf yposdiavewe snggpennyk ttppvldsdg
RETTIYRRITYV ARSTYW LMY Tacksvinhical hnhyTugk<1s 14Dy

While the polypeptide may be a fusion protein such as that described supra, it
will be appreciated that the palypeptide may take any form that is capable of
achieving the aim of binding an anhdrogen such that the level of androgen in

the blood ur prustate cell is decreased.

For example, the polypeptide miay be a therapeutic antibody. Many methods
are available to the skilled artisan to design therapeutic antibodies that are
capable of binding to a predetermined target, persist in the circulation for a
sufficient period of time, and cause minimal adverse reaction on the part of the
host (Carter, Nature Reviews (Intmunology) Volume 6, 2006; the contents of
which is herein incorporated by reference). |

In one embodiment, the therapeutic antibody Is a single clone of a specific
antibody that is produced from a cell line, including a hybridoma cell. There are
four classifications of therapeutic antibodies: murine antibodies; chimeric
antibodies; humanized antibodies; and fully human antibodies. These different -
types of antibodies are distinguishable by the percentage of mouse to human

| 'parts making up the antibodies. A murine antibody contains 100% mouse

sequence, a chimeric antibody contains approximately 30% mouse sequence,

PCT/AU2008/000424
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and humanized and fully human antibodies contain anly 5>-10% maouse

residues.

Fully murine antibodies have been approved for human use on transplant
rejection and colorectal cancer. However, these antibodies are seen by the
human immune system as foreign and may need further engineering to be

acceptable as a therapeutic.

Chimeric antibodies are a genetically engineered fusion of parts of a mouse
antibody with parts of a human antibody. Generally, chimeric antibodies
contain approximately 33% mause protein and 67% human protein, Thay
combine the specificity of the murine. antibody with the efficient human immune
system interaction of a human antibudy. Chimeric antibodies can trigger an
immune response and may require further engineering before use as a
therapeutic. In one form of the invention, the polypeptides include

appraximately 67% human protein sequences.

Humanized antibodies are genetically engiheered such that the minimum
mouse part from a murine antibody is transplanted onto a human antibody.
Typically, humanized antibodies are 5-10% mouse and 90-95% human.
Humanized antibodies counter adverse immune responses seen Iin murine and
chimeric antibodies. -Data from marketed humanized antibodies and those in
clinical trials show that humanized antibadies exhibit minimal or no respanse of
the human immune system against them. Examples ot humanized antibodies

include Enbrel ® and Remicade ®. In one fuorm of the invention, the

polypeptides are based on the non-ligand spetiﬁc sequences included in the
Enbrel ® or Remicade ® antibodies.

Fully human antibodies are derived from transgenic mice carrying human
antibody dehes or from human cells. An example of this is the Humira®
antibody. In one form of the invention, the polypeptide of the present invention
IS based on the non-ligand specific sequences included in the Humira®

antibody.

PCT/AU2008/000424
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The polypeptide may be a single chain antibody {sCFV), which is an
engineered antibody derivative that includes heavy- and lightchain variable
regions joined by a peptide linker. ScFv antibody fragments are potentially
more effective than unmodified IgG antibodies. The reduced size of 27-30 kDa

allows penetration of tissues and solid tumors more readily (Huston et al.

(1993). Int. Rev. Immunol. 10, 195=217: the contents of which is herein
Ihcorporated by reference). Me.thods are known in the art for producing and
screening scFv libraries for activity, with exernplary‘ methods being disclosed in
Is disclased by Walter et al 2001, High-throughput screening aof surface
displayed gene products Comb Chem High Throughput Screen; 4(2):183-205;

the contents of which is herein incorporated by reference.

The polypeptide may have greater efficacy as a therapeutic if in the form of a
multimer. The polypeptide may be effective, or have improved efficacy when
present as a homaodimer, homotrimer, or homotetramer: or as a heterodimer,
heterotrimer, ar heteratetramer, In these cases, the polypeptide may require

multimerisation sequehces to facilitate the cotrect association of the

monomeric units.  Thus, in one embodiment the pulypeptide includ_es a
multimerisation region. It is anticipated that where the steroid binding reqgion of
the polypeptide includes sequences from SHBG, a multimerisation region may
be included.

In another aspecl, the present invention pravides a composition comprising a
pulypeptide of the present invention in combination with a pharmaceutically
acceptable carrief. The skilled person will be enabled to select the appropriate
carrier(s) to include in the composition. Potentially suitable carriers include a
diernt', adjuvant, excipient, or vehicle with which the polypeptide 1S
administered. Diluents include sterile liquids, such as water and oils, including
those of petroleum, animal, Vegetéble or synhthetic arigin, such as peanut ail,
soybean oil, mineral oil, sesame oil and the like. Suitable pharmaceutical
excipients include starch, glucose, lactose, sucrose, gelatin, malt, rice, flour,

chalk, silica gel, sodium stearate, glycerol monostearate, talc, sodium chloride.
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dned skim milk, glycerol, propylene, glycol, water, ethahol and the like. The

coniposition, if desired, can also contain minor amounts of wetting or

emulsifying agents, or pH buffering agents. These compositions can take the
form of solutions, suspensions, emulsion, tablets, pills, capsules, powders,
sustained-release formulations and the like. Examples of suitable

pharmaceutical carriers are described in "Remington's Pharmaceutical
Sciences” by E. W. Martin.

The polypeptides of the invention can be formulated as neutral or salt forms.

Pharmaceutically acceptable salts include those formed with free amino
groups such as those detived fram hydrochloric, phosphoric, acet<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>