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NEAMINE COMPOSITIONS AND METHODS OF USE THEREOF

RELATED APPLICATION

This application claims the benefit of priority to Provisional Application
61/197,515, filed October 28, 2008, which is hereby incorporated by reference in its
entirety.

GOVERNMENT INTEREST

This invention was made with Government support under grants awarded by the
U.S. National Institutes of Health and US Department of Defense. The Government has
certain rights in the invention.

BACKGROUND OF THE INVENTION

Increasing evidence points to an important role of angiogenin (ANG), a 14 kDa
angiogenic ribonuclease, in the development and progression of prostate cancer. ANG has
been shown to be up-regulated progressively in human prostate cancer. The circulating
level of ANG in plasma is significantly higher in prostate cancer patients, especially those
with hormone refractory diseases, as compared with normal controls. Immunohistochemical
(IHC) studies indicated that ANG expression in the prostate epithelial cells is increased as
prostate cancer progresses from a benign phenotype to invasive adenocarcinoma. Mouse
ANG is the most significantly up-regulated gene in AKT-induced PIN in MPAKT mice.

ANG has been shown to undergo nuclear translocation in proliferating endothelial
cells where it stimulates rRNA transcription, a rate-limiting step in protein translation and
cell proliferation. ANG-stimulated rRNA transcription has been proposed to be a general
requirement for endothelial cell proliferation and angiogenesis. ANG inhibitors abolish the
angiogenic activity of ANG as well as that of other angiogenic factors including VEGF and
bFGF. Moreover, ANG has been found to play a direct role in cancer cell proliferation.
Nuclear translocation of ANG in endothelial cells is inversely dependent on cell density and
is stimulated by growth factors. The activity of ANG in both endothelial and cancer cells is
related to its capacity to stimulate rRNA transcription; for that to occur ANG needs to be in
the nucleus physically. ANG has a typical signal peptide and is a secreted protein. The
mechanism by which it undergoes nuclear translocation was not previously known. There
is a continuing need in the art to characterize angiogenin-mediated ribosomal RNA
transcription activity, so that to treat diseases such as cancer, which involve aberrations of

the system.
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SUMMARY OF THE INVENTION

In one aspect, the invention provides in part a method of identifying a modulator of
angiogenin-mediated ribosomal RNA transcription, including the steps of contacting a
cellular composition comprising a ribosomal RNA gene sequence with a test compound and
measuring ribosomal RNA transcription in the composition, thereby identifying a
modulator of angiogenin-mediated ribosomal RNA transcription. In some embodiments, an
increase in ribosomal RNA transcription in the composition in the presence of the test
compound relative to RNA transcription in the composition in the absence of the test
compound indicates that the test compound is an inducer of angiogenin-mediated ribosomal
RNA transcription. In other embodiments, a decrease in ribosomal RNA transcription in the
composition in the presence of the test compound relative to RNA transcription in the
composition in the absence of the test compound indicates that the test compound is an
inhibitor of angiogenin-mediated ribosomal RNA transcription. The cellular composition
comprises a cellular component or sub-cellular fraction, a mammalian cell, or a mammal.
For example, the cellular composition includes a cancer cell, an endothelial cell, or a
cellular component or sub-cellular fraction of a cancer or endothelial cell. The cancer cell
is obtained, e.g., from a mammal suffering from: androgen-independent prostate cancer,
estrogen-independent breast cancer, androgen-dependent prostate cancer or estrogen-
dependent breast cancer. In some embodiments the test compound decreases an angiogenin
ribonuclease activity. Exemplary test compounds include small molecules, antibodies, and
nucleic acids. For example, the test compound is a derivative of neomycin or neamine.

In a second aspect, the invention provides in part a method of treating cancer in a
mammalian subject by administering to the subject an effective amount of a first
therapeutic compound comprising neamine or an agent that suppresses angiogenin-
mediated ribosomal RNA transcription. In some embodiments, a combination of neamine
and another agent that suppresses angiogenin-mediated ribosomal RNA transcription is
administered. The agent is, for example, a small molecule, an antibody, a nucleic acid, or a
derivative of neomycin or neamine. In some embodiments, the agent has decreased toxicity
to the mammal relative to neomycin. The first therapeutic compound is administered in
combination with a pharmaceutical agent for treating the cancer. The pharmaceutical agent
is different from the first therapeutic agent, and is for example a chemotherapeutic agent
such as cisplatin, carboplatin, cyclophosphamide, 5-fluorouracil, adriamycin, daunorubicin,

tamoxifen, leuprolide, goserelin, flutamide, biclutamide, nilutimide or finasteride. The

.
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cancer to be treated is in some embodiments a steroid-independent cancer. In other
embodiments, the subject is suffering from androgen-independent prostate cancer or
estrogen-independent breast cancer.

In a third aspect, the invention provides in part a method of decreasing the progression
of a cancer in a mammalian subject by administering to the subject an effective amount of a
first therapeutic compound comprising neamine or an agent that suppresses angiogenin-
mediated ribosomal RNA transcription. The cancer may be a steroid-dependent cancer,
may be at risk of progressing to a steroid-independent cancer. The subject may be at risk of
developing androgen-independent prostate cancer or estrogen-independent breast cancer.

In a fourth aspect, the invention provides a method of reducing angiogenin nuclear
translocation in a target cell by contacting the cell with an effective amount of a test
compound, whereby the amount of angiogenin translocated into the nucleus in the target
cell in the presence of test compound is reduced relative to the amount of angiogenin
translocated into the nucleus in the target cell in the absence of test compound. The test
compound is a small molecule, an antibody, or a nucleic acid; the nucleic acid is an RNAi
agent such as siRNA, shRNA, dsRNA, or microRNA. In some embodiments, the agent is
neamine, a derivative of neomycin or neamine, or an agent that binds to an angiogenin
receptor. In further embodiments, the target cell is a cancer cell or an endothelial cell. In
some embodiments, angiogenin RNase activity is inhibited by the test compound.

In a fifth aspect, the invention provides a method of treating or preventing prostate
intraepithelial neoplasia in a mammalian subject by administering to the subject an effective
amount of neamine or an agent that suppresses angiogenin-mediated ribosomal RNA
transcription.

In a sixth aspect, the invention provides a method of treating or preventing estrogen-
independent breast cancer in a mammalian subject by administering to the subject an
effective amount of neamine or an agent that suppresses angiogenin-mediated ribosomal
RNA transcription. The estrogen-independent breast cancer is in some embodiments an
estrogen receptor negative cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 demonstrates neamine inhibition of xenograft growth of PC-3 human prostate
cancer cells in athymic mice. Male athymic mice were inoculated with 5 x 10° of PC-3
cells, and treated sub-cutaneously (s.c.) with PBS or neamine at a dose of 30 mg/kg body

weight twice weekly for 8 weeks. Twelve mice were used per group. (4) Mice were
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examined by palpation for tumor appearance. (B) Tumor sizes were measured with a caliper
and were expressed as length x width®. At day 56, mice were sacrificed and tumor tissues
were removed, photographed (C) and weighed (D).

Figure 2 demonstrates the effect of neamine treatment on cell proliferation, angiogenesis
and 47S rRNA synthesis. PBS- and neamine-treated tumor tissues were fixed in formalin,
embedded in paraffin, and sections of 5 uM were cut. (4) Localization of ANG was
determined by IHC with anti-human ANG monoclonal antibody 26-2F. (B) ISH with a
probe specific for the initiation site of the 47S rRNA. (C) Proliferating cells were stained
with an anti-PCNA monoclonal antibody (mAb). PCNA positive and total numbers of cells
were counted in 5 randomly selected areas at 200 x magnification. (D) Blood vessels were
stained with an anti-vWF antibody and counted in five most vascularized areas at 200 x
magnification.

Figure 3 demonstrates that neamine prevents AKT-induced PIN formation in MPAKT
mice. Four-week-old MPAKT mice were treated with daily intraperitoneally (i.p). injection
of PBS control or neamine at a dose of 10 mg/kg body weight, respectively, for 4 weeks.
The mice were sacrificed at week 8 and the ventral prostates were processed for histological
examinations. (4 and B) H&E staining of the ventral prostates. PIN lesions are indicated by
arrows. (C and D) THC examinations of nuclear translocation of ANG. Staining of nuclear
ANG is indicated by arrows. (£ and F). IHC examinations of phosphorylation status of
AKT. Positive signals are indicated with arrows. (G and /) ISH analysis for rRNA
transcription. Positive signals are indicated by arrows.

Figure 4 shows that neamine treatment decreases angiogenesis and cell proliferation in the
ventral prostate of MPAKT mice. Four-week-old MPAKT mice were treated by daily
injection of PBS or neamine at a dose of 10 mg/kg body weight for 4 weeks. (4) Formalin-
fixed, paraffin-embedded ventral prostate sections were stained with anti-CD31 antibody
and interductal neovessels were counted in five microscopic areas at 200 x magnification.
The numbers shown are means + SD of the numbers of neovessels per mm? from one
representative mouse. (B) IHC with an anti-Ki67 antibody was used to show proliferative
cells. Ki67 positive cells were counted from a total of 500 cells in each sample.

Figure 5 demonstrates that neamine treatment reverses established PIN in MPAKT mice.
Twelve-week-old MPAKT mice with fully developed PIN were treated with daily i.p.

injection of PBS control or neamine at a dose of 10 mg/kg body weight, respectively, for 4
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weeks. The mice were sacrificed at week 16 and the ventral prostates were examined. (4
and B) H&E staining, PIN lesions are indicated with arrows. (C and D) IHC detection of p-
AKT. Positive signals are indicated by arrows. (£ and F) ISH for rRNA transcription.
Positive signals are indicated by arrows. (G and H) Apoptosis of luminal epithelial cells
were examined by TUNEL staining. Apoptotic cells are indicated by arrows.

Figure 6 demonstrates that ANG protein level is elevated in the PIN tissues of MPAKT
mice. Thin sections of the ventral prostates of the WT and MPAKT mice at 4, 6, 8, 10, and
12 weeks of age were stained with affinity purified anti-mouse ANG IgG R163. Pictures
shown were from a representative area of the ventral prostate. ANG staining in the nucleus
and in the stroma are indicated by black and white arrows, respectively. Bar, 50 um.
Figure 7 shows the effect of lentivirus-mediated A NG-specific siRNA on PIN formation in
MPAKT mice. Lentiviral particles containing a scrambled shRNA sequence (control
shRNA) or an ANG-specific siRNA sequence (ANG siRNA) were injected into the
exposed prostate of 4-week-old MPAKT mice. The animals and age-matched WT
littermates were sacrificed when they were 8-weeks-old. Pictures shown are a
representative area of the ventral prostate from 1 animal. Eight mice were used per group.
Similar results were observed in every animal of the same group. A to C. H&E staining of
the ventral prostates. PIN lesions are indicated by arrows. D to F. IHC detection of ANG
protein with affinity purified anti-mouse ANG IgG R163. Nuclear staining of ANG is
indicated by arrows. G to I. THC analysis of AKT phosphorylation. Arrows indicate
positive signals. J to L. THC analysis of S6RP phosphorylation. Arrows indicate positive
signals. M to O. rRNA transcription was detected by ISH with a probe specific to the
initiation site sequence of the 47 S rRNA. Positive signals are indicated by arrows. Bar, 100
um in A to C, 50 um in D to O.

Figure 8 demonstrates that knocking-down ANG expression normalizes prostate luminal
epithelial cell size and inhibited AKT-induced cell proliferation. Four-week-old MPAKT
mice were treated by intraprostate injection of lentivirus containing ANG-specific siRNA or
nonspecific control sShRNA. A. Cell size of the ventral prostate epithelial cells was
measured after H &E staining. The numbers shown are the average diameters of 500 cells
from 5 microscopic areas. B. ANG-specific siRNA decreases cell proliferation in the ventral

prostate of MPAKT mice. IHC with an anti-Ki67 antibody were used to show proliferative
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cells. The pictures shown were from a representative area. Ki-67 positive cells were
counted from a total of 500 cells in each sample. Bar, 50 um.

Figure 9 demonstrates that neomycin and N65828 prevent PIN formation. Four-week-old
MPAKT mice were treated with daily i.p. injection of PBS control, neomycin or N65818 at
a dose of 10 and 4 mg/kg body weight, respectively, for 4 weeks. The mice were sacrificed
at week 8 and the ventral prostates were processed for histological examinations. A to C.
H&E staining of the ventral prostates. PIN lesions are indicated by arrows. D to F. THC
examinations of nuclear translocation of ANG. Staining of nuclear ANG is indicated by
arrows. G to I. IHC examinations of phosphorylation status of AKT. Positive signals are
indicated with arrows. J to L. ISH analysis for rRNA transcription. Positive signals are
indicated by arrows. Bar, 100 um in A to C, 50 um in D to L.

Figure 10 indicates that neomycin treatment shrank PIN lesion and normalized luminal cell
size. A. Gross picture of the genitourinary tracts of PBS and neomycin-treated MPAKT
mice. The GU tracts were dissected en block and the size of ventral prostate was measured
by a caliper. The ventral prostate is indicated with an arrow. B. Cell size of PBS and
neomycin-treated MPAKT and wild type mice. A total of 500 cells (100 cells each from 5
randomly selected glands) were measured in each sample.

Figure 11 indicates that treatment with neomycin and N65818 reversed established PIN in
MPAKT mice. Twelve-week-old MPAKT mice, at this age PIN has been fully developed,
were treated with daily i.p. injection of PBS control, neomycin, or N65818 at a dose of 10
and 4 mg/kg body weight, respectively, for 4 weeks. The mice were sacrificed at week 16
and the ventral prostates were examined. A to C. H&E staining, PIN lesions are indicated
with arrows. D to F. THC detection of p-AKT. Positive signals are indicated by arrows. G
to I. ISH for rRNA transcription. Positive signals are indicated by arrows. J to L.
Apoptosis of luminal epithelial cells were examined by TUNEL staining. Apoptotic cells
are indicated by arrows. Bar, 100 um in A to C, 50 um in D to L.

Figure 12 is a schematic illustration indicating the role of ANG in AKT-driven cell
proliferation and survival. AKT overexpression up-regulates ANG expression. ANG then
undergoes nuclear translocation and stimulates rRNA transcription. Together with the
ribosomal proteins synthesized by the mTOR-S6K-S6P pathway, ribosome biogenesis
occurs. Therefore, ANG is a permissive factor for AKT-drive cell proliferation and

survival.
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Fig. 13. is a schematic illustration showing possible pathways to androgen independence
and the involvement of ANG. Left panel, androgen-independent but AR-dependent
pathways. (a) In the hypersensitive pathway, more AR is produced, or AR has enhanced
sensitivity, or more testosterone is converted to the more potent DHT. (b) In the
promiscuous pathway, the specificity of AR is broadened so that it can be activated by non-
androgen molecules. (¢): In the outlaw pathway, receptor tyrosine kinases (RTK) are
activated and AR is phosphorylated by AKT or MAPK, producing a ligand-independent
AR. Right panel, (d): Bypass pathway and ANG. IGF and other growth factors, or PTEN
deficiency, activates PI3K-AKT-mTOR pathway to enhance ribosomal protein production
but it is unclear how rRNA is proportionally increased. ANG is known to be constitutively
translocated to the nucleus of androgen-independent prostate cancer cells where it enhances
rRNA transcription.

Fig. 14. is a series of photographs showing immunofluorescent cells and ANG protein
levels in cancer cells. RWPE-1, LNCaP, PC-3, PC-3M, and DU145 cells were cultured in
their respective media supplemented with 10% FBS for two days. FBS was then replaced
with charcoal/dextran-stripped serum (steroid-depleted medium) and the cells were cultured
in the absence (a,c,e,g,i) or presence (b,d,f,h,j) of DHT (10 nM) for another 2 days in
phenol red-free medium. (a-j) Immunofluorescence of ANG detected with anti-ANG
monoclonal antibody 26-2F (50 pug/ml) and Alexa 488-labeled goat F(ab’), anti-mouse IgG
(1:100 dilution). Nucleolar staining of ANG were indicated by arrows. (k,l) Nuclear
proteins were extracted from the cells cultured in the absence (k) and presence (1) of DHT
and analyzed by Western blotting (150 pg per lane) with an anti-ANG polyclonal antibody
(R112).

Fig. 15 contains a series of graphs and photographs demonstrating the effect of ANG on
androgen-dependent LNCaP cells. (a) ANG stimulates LNCaP cell proliferation in the absence
of androgens. Cells were culture in phenol red-free and charcoal/dextran-stripped (steroid-free) FBS
for 2 day and stimulated with DHT (10 nM), ANG (0.1 pg/ml), or a mixture of the two for the time
indicated. (b) Dose dependence. ANG was added to the cells and cultured for 4 days. (¢) Anti-ANG
mADb 26-2F inhibits DHT-induced cell proliferation. LNCaP cells were stimulated with 10 nM DHT
in the presence of 26-2F or a control non-immune IgG for 3 days. (d) ANG over-expression
promotes LNCaP proliferation in vitro. The vector control (pCI-Neo) and ANG transfectants (pCl-
ANG) were cultured in phenol red-free and steroid-free medium for the time indicated. (e)

Xenograft growth in castrated SCID mice. A mixture of 70 pl cell suspension (1x10° cells) and 30
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ul Matrigel was injected s.c. per mouse (8 per group). The mice were castrated or sham-operated at
the same time. Tumors were inspected and measured twice a week and the animals were sacrificed
after 8 weeks of observation. (f) Endogenous ANG of LNCaP cells is essential for androgen-
induced rRNA transcription. LNCaP cells were cultured in phenol red-free and steroid-free medium
and incubated with DHT (10 nM), ANG (0.1 pg/ml), anti-ANG mAb 26-2F (60 pg/ml) or a mixture
of DHT and 26-2F for 2 h. The level of 47S rRNA was analyzed by Northern blotting with a probe
specific to the initiation site sequence of the rRNA precursor. EB staining of 18S rRNA and
Northern blotting of actin mRNA was used as the loading controls.

Fig. 16a is a series of photographs demonstrating ChIP analysis of ANG binding to ABE1,
ABE2, ABE3, UCE, and CORE region of the rDNA promoter. PCR primers were designed
using MacVector software. The input control in each panel contains 0.2% of the total DNA.
Fig. 16b is a schematic illustration of the rDNA with ABE shown in green and ANG
protein shown in red.

Fig. 17. depicts the structure of neomycin and neamine.

Fig. 18. is a graph showing power and sample size calculation. Uncorrected chi-square test
was used based on 0.95 Power and 0.05 type I error probability. The program used was a
PS software version 2.1.31, down loaded from Vanderbilt University at
biostat.mc.vanderbilt.edu/twiki/bin/view/Main/PowerSampleSize.

Fig. 19a-d are a series of photographs showing immunofluorescently labeled LNCaP cells,
showing the effect of ANG on nuclear translocation of AR. LNCaP cells were cultured in
charcoal/dextran-stripped FBS and phenol red-free medium for 2 days, and incubated with
ANG (0.1 ug/ml), DHT (10 nM) or DHT (10 nM) + anti-ANG mAb 26-2F (30 ug/ml) for 2
h. The cells were fixed and stained for AR by immunofluorescence.

Fig. 20. is a series of graphs and photographs that demonstrate the generation of Angl
floxed mice. (a) mRNA levels of 6 mouse Ang isoforms in the prostate by quantitative RT-
PCR analysis. (b) Construction of targeting vector. A pGK-gb2 loxP/FRT-flanked
Neomycin cassette was then inserted 161 nt upstream from the coding exon, and an
additional loxP site was inserted 80 nt downstream from the coding exon. (¢) Restriction
enzyme map of the targeting vector. All bands showed correct size from the targeting
vector. (d) PCR confirmation of ES clones. Recombinant clones were identified by a 2.3kb
PCR fragment. The positive control (13+) was positive pooled samples. (e) Genotyping of
F1 mice. The expanded positive ES cell clone was used as a positive control (labeled with +

on the far right).
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Fig. 21. shows H & E-stained mice prostate tissue, demonstrating that ANG promotes
cancer invasion in MPAKT mice. Human ANG protein, 50 pug per mouse, was injected
into the surgically exposed ventral prostate of 9 weeks-old MPAKT mice. The mice were
sacrificed 2 weeks later and the prostates were processed for H&E staining. Cells invading
outside of the basement membrane are indicated by arrows.

Fig. 22a is a schematic illustration of the generation of ANG transgenic mice using an
expression vector. A DNA fragment containing human ANG cDNA an IRES-controlled
AcGFP expression cassette was flanked by chicken -actin promoter and the rabbit 3-
globin PolyA signal. Fig. 22b is a photograph showing the genotyping of the 17 pups for
human ANG DNA. Mice 83, 86, 89 and 94 have been confirmed to be founders. Fig. 22¢ is
a photograph showing the establishment of two transgenic lines. Founders 89 and 94 were
backcrossed with WT mice twice.

DETAILED DESCRIPTION OF THE INVENTION

Angiogenin (ANG), a 14 kDa angiogenic ribonuclease, plays a dual role in cancer
progression by stimulating both angiogenesis and cancer cell proliferation. Mechanistic
studies have shown that ANG undergoes nuclear translocation in both endothelial and
cancer cells where it binds to the promoter region of ribosomal DNA (rDNA) and
stimulates ribosomal RNA (rRNA) transcription, an essential step for cell proliferation.
Nuclear translocation of ANG thus is essential and has proven to be a molecular target for
cancer drug development. Neomycin, an aminoglycoside antibiotic, has been shown to
block nuclear translocation of ANG thereby inhibiting prostate cancer growth in a xenograft
mouse model. However, the nephro- and oto-toxicity of neomycin, is a major obstacle to its
further development as an anti-cancer agent. Described herein are compositions containing
neamine, a nontoxic degradation product of neomycin that retains anti-cancer activity, and
methods of using these compositions.

Neamine is useful for the treatment and prevention of hormone-dependent and
independent cancers, such as androgen-insensitive prostate cancer and estrogen-insensitive
breast cancer.

Neamine inhibits xenograft growth of PC-3 human prostate cancer cells in athymic
mice. It blocks nuclear translocation of ANG, inhibits rRNA transcription, cell proliferation
as well as angiogenesis. The anti-prostate cancer activity of neamine has also been

examined in murine prostate-restricted AKT transgenic (MPAKT) mice that develop
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prostate intraepithelial neoplasia (PIN) owing to AKT transgene overexpression. Neamine
not only prevents AKT-induced PIN formation but also reverses fully developed PIN in
MPAKT mice, accompanied by a decrease in rRNA synthesis, cell proliferation, and
angiogenesis, and an increase in prostate epithelial cell apoptosis.

The use of neamine in the treatment and prevention of estrogen-independent
cancers, such as estrogen-independent breast cancer, is also described herein. Breast cancer
often progresses from estrogen-sensitive to estrogen-insensitive, often correlated with an
increase in metastatic ability.

The embodiments and practices of the present invention, other embodiments, and
their features and characteristics, will be apparent from the description, figures and claims
that follow, with all of the claims hereby being incorporated by this reference into this
Summary.

Definitions

For convenience, certain terms employed in the specification, examples, and
appended claims are collected here. Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly understood by one of ordinary skill
in the art to which this invention belongs.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e., to
at least one) of the grammatical object of the article. By way of example, “an element”
means one element or more than one element.

The terms “test compound” and “agent” are used herein to denote a chemical
compound, a small molecule, a mixture of chemical compounds, a biological
macromolecule (such as a nucleic acid, an antibody, a protein or portion thereof, e.g., a
peptide), or an extract made from biological materials such as bacteria, plants, fungi, or
animal (particularly mammalian) cells or tissues. Test compounds and agents may be
identified as having a particular activity by screening assays described herein below. The
activity of such test compounds and agents may render them suitable as a “therapeutic
compound” or a “therapeutic agent” which is a biologically, physiologically, or
pharmacologically active substance (or substances) that acts locally or systemically in a
subject. A test compound may be capable of and useful for binding to, agonizing,
antagonizing, or otherwise modulating (regulating, modifying, upregulating,

downregulating) the activity of a protein or complex of the invention.

-10-
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The term “amino acid” is intended to embrace all molecules, whether natural or
synthetic, which include both an amino functionality and an acid functionality and capable
of being included in a polymer of naturally-occurring amino acids. Exemplary amino acids
include naturally-occurring amino acids; analogs, derivatives and congeners thereof; amino
acid analogs having variant side chains; and all stereoisomers of any of any of the
foregoing.

The term “binding” or “interacting” refers to an association, which may be a stable
association, between two molecules, e.g., between a polypeptide and a binding partner or
agent, ¢.g., small molecule, due to, for example, electrostatic, hydrophobic, ionic and/or
hydrogen-bond interactions under physiological conditions.

The term “cellular composition” includes any prokaryotic or eukaryotic cell, or sub-
cellular fraction thereof, whether isolated or contained within a collection of cells, tissue,
organ, or organism.

The term “chemical entity,” as used herein, refers to chemical compounds,
complexes of two or more chemical compounds, and fragments of such compounds or
complexes. In certain instances, it is desirable to use chemical entities exhibiting a wide
range of structural and functional diversity, such as compounds exhibiting different shapes
(e.g., flat aromatic rings(s), puckered aliphatic rings(s), straight and branched chain
aliphatics with single, double, or triple bonds) and diverse functional groups (e.g.,
carboxylic acids, esters, ethers, amines, aldehydes, ketones, and various heterocyclic
rings).

The term “complex” refers to an association between at least two moieties (e.g.
chemical or biochemical) that have an affinity for one another. Examples of complexes
include associations between antigen/antibodies, lectin/avidin, target polynucleotide/probe
oligonucleotide, antibody/anti-antibody, receptor/ligand, enzyme/ligand, polypeptide/
polypeptide, polypeptide/polynucleotide, polypeptide/co-factor, polypeptide/substrate,
polypeptide/inhibitor, polypeptide/small molecule, and the like. “Member of a complex”
refers to one moiety of the complex, such as a protein. “Protein complex” or “polypeptide
complex” refers to a complex comprising at least two polypeptides or proteins.

The terms “comprise” and “comprising” are used in the inclusive, open sense,
meaning that additional elements may be included.

When using the term “comprising” or “having” herein, it is understood that this term

may also be replaced by the phrases “consisting essentially of” or “consisting of,” where
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appropriate. For example, “a fragment comprising amino acids 1-100 of sequence X”
should be read as providing support for “a fragment consisting essentially of amino acids 1-
100 of sequence X as well as for “a fragment consisting of amino acids 1-100 of sequence
X.”

The term “control” includes any portion of an experimental system designed to
demonstrate that the factor being tested is responsible for the observed effect, and is
therefore useful to isolate and quantify the effect of one variable on a system. A control
includes a “reference sample” as described herein.

A “form that is naturally occurring” when referring to a compound means a
compound that is in a form, e.g., a composition, in which it can be found naturally. A
compound is not in a form that is naturally occurring if, e.g., the compound has been
purified and separated from at least some of the other molecules that are found with the
compound in nature.

An “estrogen-independent” cancer includes a cancer that is not responsive, or has a
reduced response, to estrogen treatment (e.g., hormone therapy). An “androgen-
independent” cancer includes a cancer that is not responsive, or has a reduced response, to
androgen treatment (e.g., hormone therapy).

The term “isolated polypeptide” refers to a polypeptide, in certain embodiments
prepared from recombinant DNA or RNA, or of synthetic origin, or some combination
thereof, which (1) is not associated with proteins that it is normally found with in nature,
(2) is isolated from the cell in which it normally occurs, (3) is isolated free of other
proteins from the same cellular source, (4) is expressed by a cell from a different species,
or (5) does not occur in nature.

The term “isolated nucleic acid” refers to a polynucleotide of genomic, cDNA, or
synthetic origin or some combination there of, which (1) is not associated with the cell in
which the “isolated nucleic acid” is found in nature, or (2) is operably linked to a
polynucleotide to which it is not linked in nature.

The terms “label” or “labeled” refer to incorporation or attachment, optionally
covalently or non-covalently, of a detectable marker into a molecule, such as a
polypeptide.

The term “percent identical” refers to sequence identity between two amino acid
sequences or between two nucleotide sequences. Identity can each be determined by

comparing a position in each sequence which may be aligned for purposes of comparison.
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When an equivalent position in the compared sequences is occupied by the same
base or amino acid, then the molecules are identical at that position; when the equivalent
site occupied by the same or a similar amino acid residue (e.g., similar in steric and/or
electronic nature), then the molecules can be referred to as homologous (similar) at that
position. Expression as a percentage of homology, similarity, or identity refers to a
function of the number of identical or similar amino acids at positions shared by the
compared sequences. Expression as a percentage of homology, similarity, or identity
refers to a function of the number of identical or similar amino acids at positions shared by
the compared sequences. Various alignment algorithms and/or programs may be used,
including FASTA, BLAST, or ENTREZ. FASTA and BLAST are available as a part of
the GCG sequence analysis package (University of Wisconsin, Madison, Wis.), and can be
used with, e.g., default settings. ENTREZ is available through the National Center for
Biotechnology Information, National Library of Medicine, National Institutes of Health,
Bethesda, Md. In one embodiment, the percent identity of two sequences can be
determined by the GCG program with a gap weight of 1, ¢.g., each amino acid gap is
weighted as if it were a single amino acid or nucleotide mismatch between the two
sequences.

Other techniques for alignment are described in Methods in Enzymology, vol. 266:
Computer Methods for Macromolecular Sequence Analysis (1996), ed. Doolittle,
Academic Press, Inc., a division of Harcourt Brace & Co., San Diego, California, USA.
Preferably, an alignment program that permits gaps in the sequence is utilized to align the
sequences. The Smith-Waterman is one type of algorithm that permits gaps in sequence
alignments. See Meth. Mol. Biol. 70: 173-187 (1997). Also, the GAP program using the
Needleman and Wunsch alignment method can be utilized to align sequences. An
alternative search strategy uses MPSRCH software, which runs on a MASPAR computer.
MPSRCH uses a Smith-Waterman algorithm to score sequences on a massively parallel
computer. This approach improves ability to pick up distantly related matches, and is
especially tolerant of small gaps and nucleotide sequence errors. Nucleic acid-encoded
amino acid sequences can be used to search both protein and DNA databases.

The term “mammal” is known in the art, and exemplary mammals include humans,
primates, bovines, porcines, canines, felines, and rodents (e.g., mice and rats).

The term “modulation”, when used in reference to a functional property or

biological activity or process (e.g., enzyme activity or receptor binding), refers to the
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capacity to either up regulate (e.g., activate or stimulate), down regulate (e.g., inhibit or
suppress) or otherwise change a quality of such property, activity or process. In certain
instances, such regulation may be contingent on the occurrence of a specific event, such as
activation of a signal transduction pathway, and/or may be manifest only in particular cell
types.

A “modulator” may be a polypeptide, nucleic acid, macromolecule, complex,
molecule, small molecule, compound, species or the like (naturally-occurring or non-
naturally-occurring), or an extract made from biological materials such as bacteria, plants,
fungi, or animal cells or tissues, that may be capable of causing modulation. Modulators
may be evaluated for potential activity as inhibitors or activators (directly or indirectly) of
a functional property, biological activity or process, or combination of them, (e.g., agonist,
partial antagonist, partial agonist, inverse agonist, antagonist, anti-microbial agents,
inhibitors of microbial infection or proliferation, and the like) by inclusion in assays. In
such assays, many modulators may be screened at one time. The activity of a modulator
may be known, unknown or partially known.

The terms “polynucleotide”, and “nucleic acid” are used interchangeably. They
refer to a polymeric form of nucleotides of any length, either deoxyribonucleotides or
ribonucleotides, or analogs thereof. Polynucleotides may have any three-dimensional
structure, and may perform any function, known or unknown. The following are non-
limiting examples of polynucleotides: coding or non-coding regions of a gene or gene
fragment, loci (locus) defined from linkage analysis, exons, introns, messenger RNA
(mRNA), transfer RNA, ribosomal RNA, ribozymes, cDNA, recombinant polynucleotides,
branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated RNA
of any sequence, nucleic acid probes, and primers. A polynucleotide may comprise
modified nucleotides, such as methylated nucleotides and nucleotide analogs. If present,
modifications to the nucleotide structure may be imparted before or after assembly of the
polymer. The sequence of nucleotides may be interrupted by non-nucleotide components.
A polynucleotide may be further modified, such as by conjugation with a labeling
component. The term “recombinant” polynucleotide means a polynucleotide of genomic,
cDNA, semisynthetic, or synthetic origin which either does not occur in nature or is linked
to another polynucleotide in a non-natural arrangement.

2% ¢

A “patient”, “subject” or “host” refers to either a human or a non-human animal.
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The term “pharmaceutically acceptable carrier” is art-recognized and refers to a
pharmaceutically-acceptable material, composition or vehicle, such as a liquid or solid
filler, diluent, excipient, solvent or encapsulating material, involved in carrying or
transporting any subject composition or component thereof from one organ, or portion of
the body, to another organ, or portion of the body. Each carrier must be “acceptable” in the
sense of being compatible with the subject composition and its components and not
injurious to the patient. Some examples of materials which may serve as pharmaceutically
acceptable carriers include: (1) sugars, such as lactose, glucose and sucrose; (2) starches,
such as corn starch and potato starch; (3) cellulose, and its derivatives, such as sodium
carboxymethyl cellulose, ethyl cellulose and cellulose acetate; (4) powdered tragacanth; (5)
malt; (6) gelatin; (7) talc; (8) excipients, such as cocoa butter and suppository waxes; (9)
oils, such as peanut oil, cottonseed oil, safflower oil, sesame oil, olive oil, corn oil and
soybean oil; (10) glycols, such as propylene glycol; (11) polyols, such as glycerin, sorbitol,
mannitol and polyethylene glycol; (12) esters, such as ethyl oleate and ethyl laurate; (13)
agar; (14) buffering agents, such as magnesium hydroxide and aluminum hydroxide; (15)
alginic acid; (16) pyrogen-free water; (17) isotonic saline; (18) Ringer’s solution; (19) ethyl
alcohol; (20) phosphate buffer solutions; and (21) other non-toxic compatible substances
employed in pharmaceutical formulations.

The term “pharmaceutically-acceptable salts” is art-recognized and refers to the
relatively non-toxic, inorganic and organic acid addition salts of compounds, including, for
example, those contained in compositions described herein.

The terms “polypeptide fragment” or “fragment”, when used in reference to a
reference polypeptide, refers to a polypeptide in which amino acid residues are deleted as
compared to the reference polypeptide itself, but where the remaining amino acid sequence
is usually identical to the corresponding positions in the reference polypeptide. Such
deletions may occur at the amino-terminus or carboxy-terminus of the reference
polypeptide, or alternatively both. Fragments typically are at least 5, 6, 8 or 10 amino acids
long, at least 14 amino acids long, at least 20, 30, 40 or 50 amino acids long, at least 75
amino acids long, or at least 100, 150, 200, 300, 500 or more amino acids long. A fragment
can retain one or more of the biological activities of the reference polypeptide. In certain
embodiments, a fragment may comprise a druggable region, and optionally additional
amino acids on one or both sides of the druggable region, which additional amino acids

may number from 5, 10, 15, 20, 30, 40, 50, or up to 100 or more residues. Further,
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fragments can include a sub-fragment of a specific region, which sub-fragment retains a
function of the region from which it is derived. In another embodiment, a fragment may
have immunogenic properties. Fragments may be devoid of about 1, 2, 5, 10, 20, 50, 100 or
more amino acids at the N- or C-terminus of the wildtype protein.

The term “small molecule” is art-recognized and refers to a composition which has
a molecular weight of less than about 2000 amu, or less than about 1000 amu, and even
less than about 500 amu. Small molecules may be, for example, nucleic acids, peptides,
polypeptides, peptide nucleic acids, peptidomimetics, carbohydrates, lipids or other organic
(carbon containing) or inorganic molecules. Many pharmaceutical companies have
extensive libraries of chemical and/or biological mixtures, often fungal, bacterial, or algal
extracts, which can be screened with any of the assays described herein. The term “small
organic molecule” refers to a small molecule that is often identified as being an organic or
medicinal compound, and does not include molecules that are exclusively nucleic acids,
peptides or polypeptides.

The term “RNA transcription” includes the synthesis of any RNA-containing
molecule or compound, in vivo, in vitro, or using synthetic means. “Ribosomal RNA
transcription” includes the act and result of synthesizing an RNA that encodes a ribosomal
RNA or a ribosomal protein.

A “sub-cellular fraction” is any portion of a cell or extra-cellular matrix, as
produced by any fractionation or other method known in the art. A “cellular component”
includes any organelle or other portion of a cell, whether isolated or contained within a
prokaryotic or cukaryotic cell.

The term “substantially homologous,” when used in connection with amino acid
sequences, refers to sequences which are substantially identical to or similar in sequence
with each other, giving rise to a homology of conformation and thus to retention, to a useful
degree, of one or more biological (including immunological) activities. The term is not
intended to imply a common evolution of the sequences.

“Substantially purified” refers to a protein that has been separated from components
which naturally accompany it. Preferably the protein is at least about 80%, more preferably
at least about 90%, and most preferably at least about 99% of the total material (by volume,
by wet or dry weight, or by mole percent or mole fraction) in a sample. Purity can be
measured by any appropriate method, e.g., in the case of polypeptides by column

chromatography, gel electrophoresis or HPLC analysis.

-16 -



WO 2010/062650 PCT/US2009/062371

A “target protein” is any protein, peptide, or homolog thereof that is capable of
being acted upon by a compounds such as a drug, or a protein having an enzymatic or other
activity.

A “target mRNA” is any messenger RNA transcript that is capable of being acted
upon by an antagonistic nucleic acid that reduces expression or levels of the protein
encoded by the mRNA.

Exemplary compositions

Neomycin is an aminoglycoside antibiotic that has been shown to block nuclear
translocation of ANG and to inhibit xenograft growth of human prostate cancer cells in
athymic mice, but is reported to be nephro- and oto-toxic. Neamine is a nontoxic
degradation product of neomycin that effectively inhibits nuclear translocation of ANG.

Also provided are derivatives of neamine, including ribostamycin, 2,6-dideoxy-2,6-
diaminoglucose, streptamine, 2-deoxystreptamine, and 6-O-methyldeoxystreptamine.

Test Compounds

A compound or test compound can be any chemical compound, for example, a
macromolecule (e.g., a polypeptide, a protein complex, or a nucleic acid) or a small
molecule (e.g., an amino acid, a nucleotide, an organic or inorganic compound). The test
compound can have a formula weight of less than about 10 000 grams per mole, less than 5
000 grams per mole, less than 1 000 grams per mole, or less than about 500 grams per
mole. The test compound can be naturally occurring (e.g., an herb or a nature product),
synthetic, or both. Examples of macromolecules are proteins, protein complexes, and
glycoproteins, nucleic acids, e.g., DNA, RNA (e.g., double stranded RNA or RNAi) and
PNA (peptide nucleic acid). Examples of small molecules are peptides, peptidomimetics
(e.g., peptoids), amino acids, amino acid analogs, polynucleotides, polynucleotide analogs,
nucleotides, nucleotide analogs, nucleosides, glycosidic compounds, organic or inorganic
compounds ¢.g., heteroorganic or organometallic compounds. A test compound can be the
only substance assayed by the method described herein. Alternatively, a collection of test
compounds can be assayed either consecutively or concurrently by the methods described
herein.

In one embodiment, high throughput screening methods involve providing a
combinatorial chemical or peptide library containing a large number of potential therapeutic
compounds (potential modulator or ligand compounds). Such "combinatorial chemical

libraries" or "ligand libraries" are then screened in one or more assays, as described herein,
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to identify those library members (particular chemical species or subclasses) that display a
desired characteristic activity. The compounds thus identified can serve as conventional
"lead compounds" or can themselves be used as potential or actual therapeutics.

A combinatorial chemical library is a collection of diverse chemical compounds
generated by either chemical synthesis or biological synthesis, by combining a number of
chemical "building blocks" such as reagents. For example, a linear combinatorial chemical
library such as a polypeptide library is formed by combining a set of chemical building
blocks (amino acids) in every possible way for a given compound length (i.e., the number
of amino acids in a polypeptide compound). Millions of chemical compounds can be
synthesized through such combinatorial mixing of chemical building blocks.

Preparation and screening of combinatorial chemical libraries is well known to
those of skill in the art. Such combinatorial chemical libraries include, but are not limited
to, peptide libraries (see, e.g., U.S. Pat. 5,010,175; Furka, Int. J. Pept. Prot. Res. 37:487-493
(1991) and Houghton et al., Nature 354:84-88 (1991)). Other chemistries for generating
chemical diversity libraries can also be used. Such chemistries include, but are not limited
to: peptoids (e.g., PCT Publication No. WO 91/19735), encoded peptides (e.g., PCT
Publication No. WO 93/20242), random bio-oligomers (e.g., PCT Publication No. WO
92/00091), benzodiazepines (e.g., U.S. Pat. No. 5,288,514), diversomers such as
hydantoins, benzodiazepines and dipeptides (Hobbs et al., Proc. Nat. Acad. Sci. USA
90:6909-6913 (1993)), vinylogous polypeptides (Hagihara et al., J Amer. Chem. Soc.
114:6568 (1992)), nonpeptidal peptidomimetics with glucose scaffolding (Hirschmann et
al., J Amer. Chem. Soc. 114:9217-9218 (1992)), analogous organic syntheses of small
compound libraries (Chen et al., J. Amer. Chem. Soc. 116:2661 (1994)), oligocarbamates
(Cho et al., Science 261:1303 (1993)), and/or peptidyl phosphonates (Campbell et al., J
Org. Chem. 59:658 (1994)), nucleic acid libraries (see Ausubel, Berger and Sambrook, all
supra), peptide nucleic acid libraries (see, e.g., U.S. Pat. 5,539,083), antibody libraries (see,
¢.g., Vaughn et al., Nature Biotechnology, 14(3):309-314 (1996) and PCT/US96/10287),
carbohydrate libraries (see, e.g., Liang et al., Science, 274:1520-1522 (1996) and U.S. Pat.
No. 5,593,853), small organic molecule libraries (see, ¢.g., benzodiazepines, Baum C&EN,
Jan 18, page 33 (1993); isoprenoids, U.S. Pat. No. 5,569,588; thiazolidinones and
metathiazanones, U.S. Pat. No. 5,549,974; pyrrolidines, U.S. Pat. Nos. 5,525,735 and
5,519,134; morpholino compounds, U.S. Pat. No. 5,506,337; benzodiazepines, U.S. Pat.
No. 5,288,514, and the like). Additional examples of methods for the synthesis of molecular
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libraries can be found in the art, for example in: DeWitt et al. (1993) Proc. Natl. Acad. Sci.
U.S.A. 90:6909; Erb et al. (1994) Proc. Natl. Acad. Sci. USA 91:11422; Zuckermann et al.
(1994). J. Med. Chem. 37:2678; Cho et al. (1993) Science 261:1303; Carrell et al. (1994)
Angew. Chem. Int. Ed. Engl. 33:2059; Carell et al. (1994) Angew. Chem. Int. Ed. Engl.
33:2061; and Gallop et al. (1994) J Med. Chem. 37:1233.

Some exemplary libraries are used to generate variants from a particular lead
compound. One method includes generating a combinatorial library in which one or more
functional groups of the lead compound are varied, ¢.g., by derivatization. Thus, the
combinatorial library can include a class of compounds which have a common structural
feature (e.g., framework).

Devices for the preparation of combinatorial libraries are commercially available
(see, e.g., 357 MPS, 390 MPS, Advanced Chem Tech, Louisville Ky.; SYMPHONY.TM.,
Rainin, Woburn, Mass.; 433A Applied Biosystems, Foster City, Calif.; 9050 Plus,
Millipore, Bedford, Mass.). In addition, numerous combinatorial libraries are themselves
commercially available (see, e.g., ComGenex, Princeton, N.J.; Asinex, Moscow, RU,
Tripos, Inc., St. Louis, Mo.; ChemStar, Ltd, Moscow, RU; 3D Pharmaceuticals, Exton, Pa.;
Martek Biosciences, Columbia, Md.; etc.).

Test compounds can also be obtained from biological libraries; peptoid libraries
(libraries of molecules having the functionalities of peptides, but with a novel, non-peptide
backbone which are resistant to enzymatic degradation but which nevertheless remain
bioactive; see, e.g., Zuckermann, R. N. et al. (1994) J Med. Chem. 37:2678-85); spatially
addressable parallel solid phase or solution phase libraries; synthetic library methods
requiring deconvolution; the "one-bead one-compound” library method; and synthetic
library methods using affinity chromatography selection. The biological libraries include
libraries of nucleic acids and libraries of proteins. Some nucleic acid libraries encode a
diverse set of proteins (e.g., natural and artificial proteins; others provide, for example,
functional RNA and DNA molecules such as nucleic acid aptamers or ribozymes. A peptoid
library can be made to include structures similar to a peptide library. (See also Lam (1997)
Anticancer Drug Des. 12:145). A library of proteins may be produced by an expression
library or a display library (e.g., a phage display library).

Libraries of compounds may be presented in solution (e.g., Houghten (1992)
Biotechniques 13:412-421), or on beads (Lam (1991) Nature 354:82-84), chips (Fodor
(1993) Nature 364:555-556), bacteria (Ladner, U.S. Pat. No. 5,223,409), spores (Ladner
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U.S. Pat. No. 5,223,409), plasmids (Cull et al. (1992) Proc Natl Acad Sci USA 89:1865-
1869) or on phage (Scott and Smith (1990) Science 249:386-390; Devlin (1990) Science
249:404-406; Cwirla et al. (1990) Proc. Natl. Acad. Sci. 87:6378-6382; Felici (1991) J.
Mol. Biol. 222:301-310).

Methods of Using Neamine compositions

Exemplary methods for determining an angiogenin-mediated ribosomal RNA
transcription activity include contacting a cellular composition with an angiogenin protein,
and measuring measuing ribosomal RNA transcription, as described herein. The cellular
composition includes a mammal, a mammalian cell, a cellular component or sub-cellular
fraction. A cellular composition may contain a cancer cell or an endothelial cell, or a
cellular component or sub-cellular fraction of a cancer or endothelial cell, or mixtures of
same. Advantageously, the cellular composition is obtained from a mammal subjected to a
physiological stress, such as a calorie-restricted diet, a high fat diet, exercise or a
combination thereof.

Nucleic acids, e.g., those encoding a protein of interest or functional homolog
thereof, or a nucleic acid intended to inhibit the production of a protein of interest (e.g.,
siRNA or antisense RNA) can be delivered to cells, ¢.g., eukaryotic cells, in culture, to cells
ex vivo, and to cells in vivo. The cells can be of any type including without limitation
cancer cells, stem cells, neuronal cells, and non-neuronal cells. The delivery of nucleic
acids can be by any technique known in the art including viral mediated gene transfer,
liposome mediated gene transfer, direct injection into a target tissue, organ, or tumor,
injection into vasculature which supplies a target tissue or organ.

Polynucleotides can be administered in any suitable formulations known in the art.
These can be as virus particles, as naked DNA, in liposomes, in complexes with polymeric
carriers, etc. Polynucleotides can be administered to the arteries which feed a tissue or
tumor. They can also be administered to adjacent tissue, whether tumor or normal, which
could express the angiogenin protein.

Nucleic acids can be delivered in any desired vector. These include viral or non-
viral vectors, including adenovirus vectors, adeno-associated virus vectors, retrovirus
vectors, lentivirus vectors, and plasmid vectors. Exemplary types of viruses include HSV
(herpes simplex virus), AAV (adeno associated virus), HIV (human immunodeficiency
virus), BIV (bovine immunodeficiency virus), and MLV (murine leukemia virus). Nucleic

acids can be administered in any desired format that provides sufficiently efficient delivery
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levels, including in virus particles, in liposomes, in nanoparticles, and complexed to
polymers.

The nucleic acids encoding a protein or nucleic acid of interest may be in a
plasmid or viral vector, or other vector as is known in the art. Such vectors are well known
and any can be selected for a particular application. In one embodiment of the invention,
the gene delivery vehicle comprises a promoter and a demethylase coding sequence.
Preferred promoters are tissue-specific promoters and promoters which are activated by
cellular proliferation, such as the thymidine kinase and thymidylate synthase promoters.
Other preferred promoters include promoters which are activatable by infection with a
virus, such as the a- and B-interferon promoters, and promoters which are activatable by a
hormone, such as estrogen. Other promoters which can be used include the Moloney virus
LTR, the CMV promoter, and the mouse albumin promoter. A promoter may be
constitutive or inducible.

In another embodiment, naked polynucleotide molecules are used as gene delivery
vehicles, as described in WO 90/11092 and U.S. Patent 5,580,859. Such gene delivery
vehicles can be either growth factor DNA or RNA and, in certain embodiments, are linked
to killed adenovirus. Curiel et al.,, Hum. Gene. Ther. 3:147-154, 1992. Other vehicles
which can optionally be used include DNA-ligand (Wu et al., J. Biol. Chem.
264:16985-16987, 1989), lipid-DNA combinations (Felgner et al., Proc. Natl. Acad. Sci.
USA 84:7413 7417, 1989), liposomes (Wang et al., Proc. Natl. Acad. Sci. 84:7851-7855,
1987) and microprojectiles (Williams et al., Proc. Natl. Acad. Sci. 88:2726-2730, 1991).

A gene delivery vehicle can optionally comprise viral sequences such as a viral
origin of replication or packaging signal. These viral sequences can be selected from
viruses such as astrovirus, coronavirus, orthomyxovirus, papovavirus, paramyxovirus,
parvovirus, picornavirus, poxvirus, retrovirus, togavirus or adenovirus. In a preferred
embodiment, the growth factor gene delivery vehicle is a recombinant retroviral vector.
Recombinant retroviruses and various uses thereof have been described in numerous
references including, for example, Mann et al., Cell 33:153, 1983, Cane and Mulligan,
Proc. Nat'l. Acad. Sci. USA 81:6349, 1984, Miller et al., Human Gene Therapy 1:5-14,
1990, U.S. Patent Nos. 4,405,712, 4,861,719, and 4,980,289, and PCT Application Nos.
WO 89/02,468, WO 89/05,349, and WO 90/02,806. Numerous retroviral gene delivery
vehicles can be utilized in the present invention, including for example those described in

EP 0,415,731; WO 90/07936; WO 94/03622; WO 93/25698; WO 93/25234; U.S. Patent
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No. 5,219,740, WO 9311230; WO 9310218; Vile and Hart, Cancer Res. 53:3860-3864,
1993; Vile and Hart, Cancer Res. 53:962-967, 1993; Ram et al., Cancer Res. 53:83-88,
1993; Takamiya et al., J. Neurosci. Res. 33:493-503, 1992; Baba et al., J. Neurosurg.
79:729-735, 1993 (U.S. Patent No. 4,777,127, GB 2,200,651, EP 0,345,242 and
WO091/02805).

A polynucleotide of interest can also be combined with a condensing agent to form
a gene delivery vehicle. The condensing agent may be a polycation, such as polylysine,
polyarginine, polyornithine, protamine, spermine, spermidine, and putrescine. Many
suitable methods for making such linkages are known in the art.

In an alternative embodiment, a polynucleotide of interest is associated with a
liposome to form a gene delivery vehicle. Liposomes are small, lipid vesicles comprised of
an aqueous compartment enclosed by a lipid bilayer, typically spherical or slightly
clongated structures several hundred Angstroms in diameter. Under appropriate conditions,
a liposome can fuse with the plasma membrane of a cell or with the membrane of an
endocytic vesicle within a cell which has internalized the liposome, thereby releasing its
contents into the cytoplasm. Prior to interaction with the surface of a cell, however, the
liposome membrane acts as a relatively impermeable barrier which sequesters and protects
its contents, for example, from degradative enzymes. Additionally, because a liposome is a
synthetic structure, specially designed liposomes can be produced which incorporate
desirable features. See Stryer, Biochemistry, pp. 236-240, 1975 (W.H. Freeman, San
Francisco, CA); Szoka et al., Biochim. Biophys. Acta 600:1, 1980; Bayer et al., Biochim.
Biophys. Acta. 550:464, 1979; Rivnay et al., Meth. Enzymol. 149:119, 1987; Wang et al.,
PROC. NATL. ACAD. SCI. U.S.A. 84: 7851, 1987, Plant et al., Anal. Biochem. 176:420,
1989, and U.S. Patent 4,762,915. Liposomes can encapsulate a variety of nucleic acid
molecules including DNA, RNA, plasmids, and expression constructs comprising growth
factor polynucleotides such those disclosed in the present invention.

Liposomal preparations for use in the present invention include cationic (positively
charged), anionic (negatively charged) and neutral preparations. Cationic liposomes have
been shown to mediate intracellular delivery of plasmid DNA (Felgner et al., Proc. Natl.
Acad. Sci. USA 84:7413-7416, 1987), mRNA (Malone et al., Proc. Natl. Acad. Sci. USA
86:6077-6081, 1989), and purified transcription factors (Debs et al., J. Biol. Chem.
265:10189-10192, 1990), in functional form. Cationic liposomes are readily available. For
example, N[1-2,3-dioleyloxy)propyl]-N,N,N-tricthylammonium (DOTMA) liposomes are
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available under the trademark Lipofectin, from GIBCO BRL, Grand Island, NY. See also
Felgner et al., Proc. Natl. Acad. Sci. USA 91: 5148-5152.87, 1994. Other commercially
available liposomes include Transfectace (DDAB/DOPE) and DOTAP/DOPE
(Boerhinger). Other cationic liposomes can be prepared from readily available materials
using techniques well known in the art. See, ¢.g., Szoka et al., Proc. Natl. Acad. Sci. USA
75:4194-4198, 1978; and WO 90/11092 for descriptions of the synthesis of DOTAP (1,2-
bis(oleoyloxy)-3-(trimethylammonio)propane) liposomes.

Similarly, anionic and neutral liposomes are readily available, such as from Avanti
Polar Lipids (Birmingham, AL), or can be easily prepared using readily available materials.
Such materials include phosphatidyl choline, cholesterol, phosphatidyl ethanolamine,
dioleoylphosphatidyl choline (DOPC), dioleoylphosphatidyl glycerol (DOPG),
dioleoylphoshatidyl ethanolamine (DOPE), among others. These materials can also be
mixed with the DOTMA and DOTAP starting materials in appropriate ratios. Methods for
making liposomes using these materials are well known in the art.

Antisense molecules, sSiIRNA or shRNA molecules, ribozymes or triplex molecules
may be contacted with a cell or administered to an organism. Alternatively, constructs
encoding these may be contacted with or introduced into a cell or organism. Antisense
constructs, antisense oligonucleotides, RNA interference constructs or siRNA duplex RNA
molecules can be used to interfere with expression of a protein of interest, ¢.g., a histone
demethylase. Typically at least 15, 17, 19, or 21 nucleotides of the complement of the
mRNA sequence are sufficient for an antisense molecule. Typically at least 19, 21, 22, or
23 nucleotides of a target sequence are sufficient for an RNA interference molecule.
Preferably an RNA interference molecule will have a 2 nucleotide 3’ overhang. If the RNA
interference molecule is expressed in a cell from a construct, for example from a hairpin
molecule or from an inverted repeat of the desired histone demethylase sequence, then the
endogenous cellular machinery will create the overhangs. siRNA molecules can be
prepared by chemical synthesis, in vitro transcription, or digestion of long dsSRNA by Rnase
III or Dicer. These can be introduced into cells by transfection, electroporation, or other
methods known in the art. See Hannon, GJ, 2002, RNA Interference, Nature 418: 244-
251; Bernstein E et al., 2002, The rest is silence. RNA 7: 1509-1521; Hutvagner G et al.,
RNAi: Nature abhors a double-strand. Curr. Opin. Genetics & Development 12: 225-232;
Brummelkamp, 2002, A system for stable expression of short interfering RNAs in
mammalian cells. Science 296: 550-553; Lee NS, Dohjima T, Bauer G, Li H, Li M-J,
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Ehsani A, Salvaterra P, and Rossi J. (2002). Expression of small interfering RNAs targeted
against HIV-1 rev transcripts in human cells. Nature Biotechnol. 20:500-505; Miyagishi M,
and Taira K. (2002). U6-promoter-driven siRNAs with four uridine 3' overhangs efficiently
suppress targeted gene expression in mammalian cells. Nature Biotechnol. 20:497-500;
Paddison PJ, Caudy AA, Bernstein E, Hannon GJ, and Conklin DS. (2002). Short hairpin
RNAs (shRNAs) induce sequence-specific silencing in mammalian cells. Genes & Dev.
16:948-958; Paul CP, Good PD, Winer I, and Engelke DR. (2002). Effective expression of
small interfering RNA in human cells. Nature Biotechnol. 20:505-508; Sui G, Soohoo C,
Affar E-B, Gay F, Shi Y, Forrester WC, and Shi Y. (2002). A DNA vector-based RNAi
technology to suppress gene expression in mammalian cells. Proc. Natl. Acad. Sci. USA
99(6):5515-5520; Yu J-Y, DeRuiter SL, and Turner DL. (2002). RNA interference by
expression of short-interfering RNAs and hairpin RNAs in mammalian cells. Proc. Natl.
Acad. Sci. USA 99(9):6047-6052.

Antisense or RNA interference molecules can be delivered in vitro to cells or in
vivo, e.g., to tumors of a mammal. Typical delivery means known in the art can be used.
For example, delivery to a tumor can be accomplished by intratumoral injections. Other
modes of delivery can be used without limitation, including: intravenous, intramuscular,
intraperitoneal, intraarterial, local delivery during surgery, endoscopic, subcutancous, and
peros. In a mouse model, the antisense or RNA interference can be administered to a
tumor cell in vitro, and the tumor cell can be subsequently administered to a mouse.
Vectors can be selected for desirable properties for any particular application. Vectors can
be viral or plasmid. Adenoviral vectors are useful in this regard. Tissue-specific, cell-type
specific, or otherwise regulatable promoters can be used to control the transcription of the
inhibitory polynucleotide molecules. Non-viral carriers such as liposomes or nanospheres
can also be used.

Exemplary methods of treatment and diseases

Provided herein are methods of treatment or prevention of conditions and diseases
such as cancer that can be improved by modulating (e.g., suppressing) angiogenin-mediated
ribosomal RNA transcription. As described herein, exemplary therapeutic agents include
small molecules, antibodies, nucleic acids, or a combination thereof. Preferred agents are
derivatives of neomycin or neamine. It is advantageous for the agent to have decreased

toxicity to the mammal relative to neomycin.
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The methods of treatment described herein also include combination therapy,
wherein a first therapeutic compound is administered in combination with a pharmaceutical
agent for treating the cancer, where the pharmaceutical agent is different from the first
therapeutic agent. For example, the pharmaceutical agent is a chemotherapeutic agent such
as cisplatin, carboplatin, cyclophosphamide, 5-fluorouracil, adriamycin, daunorubicin,
tamoxifen, leuprolide, goserelin, flutamide, biclutamide, nilutimide or finasteride, or a
combination of two or more chemotherapeutic agents, including such chemotherapeutic
agents known in the art.

The methods described herein are also useful in decreasing the progression of a
cancer in a mammalian subject, by administering to the subject an effective amount of a
first therapeutic compound, such as neamine or another agent that suppresses angiogenin-
mediated ribosomal RNA transcription. In some embodiments, a combination of neamine
and another agent that suppresses angiogenin-mediated ribosomal RNA transcription is
administered.

The methods described herein are useful in the treatment of cancer. For example,
the cancer is a steroid-independent cancer, such as androgen-independent prostate cancer or
estrogen-independent breast cancer.

Other exemplary cancers that may be treated include leukemias, e.g., acute
lymphoid leukemia and myeloid leukemia, and carcinomas, such as colorectal carcinoma
and hepatocarcinoma. Other cancers include Acute Lymphoblastic Leukemia; Acute
Lymphoblastic Leukemia; Acute Myeloid Leukemia; Acute Myeloid Leukemia;
Adrenocortical Carcinoma Adrenocortical Carcinoma; AIDS-Related Cancers; AIDS-
Related Lymphoma; Anal Cancer; Astrocytoma, Childhood Cerebellar; Astrocytoma,
Childhood Cerebral; Basal Cell Carcinoma, see Skin Cancer (non-Melanoma); Bile Duct
Cancer, Extrahepatic; Bladder Cancer; Bladder Cancer; Bone Cancer,
osteosarcoma/Malignant Fibrous Histiocytoma; Brain Stem Glioma; Brain Tumor; Brain
Tumor, Brain Stem Glioma; Brain Tumor, Cerebellar Astrocytoma; Brain Tumor, Cerebral
Astrocytoma/Malignant Glioma; Brain Tumor, Ependymoma; Brain Tumor,
Medulloblastoma; Brain Tumor, Supratentorial Primitive Neuroectodermal Tumors; Brain
Tumor, Visual Pathway and Hypothalamic Glioma; Brain Tumor; Breast Cancer; Breast
Cancer and Pregnancy; Breast Cancer; Breast Cancer, Male; Bronchial
Adenomas/Carcinoids; Burkitt's Lymphoma; Carcinoid Tumor; Carcinoid Tumor,

Gastrointestinal; Carcinoma of Unknown Primary; Central Nervous System Lymphoma,
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Primary; Cerebellar Astrocytoma; Cerebral Astrocytoma/Malignant Glioma; Cervical
Cancer; Childhood Cancers; Chronic Lymphocytic Leukemia; Chronic Myelogenous
Leukemia; Chronic Myeloproliferative Disorders; Colon Cancer; Colorectal Cancer;
Cutancous T-Cell Lymphoma, see Mycosis Fungoides and Sézary Syndrome; Endometrial
Cancer; Ependymoma; Esophageal Cancer; Esophageal Cancer; Ewing's Family of Tumors;
Extracranial Germ Cell Tumor; Extragonadal Germ Cell Tumor; Extrahepatic Bile Duct
Cancer; Eye Cancer, Intraocular Melanoma; Eye Cancer, Retinoblastoma; Gallbladder
Cancer; Gastric (Stomach) Cancer; Gastric (Stomach) Cancer; Gastrointestinal Carcinoid
Tumor; Germ Cell Tumor, Extracranial; Germ Cell Tumor, Extragonadal; Germ Cell
Tumor, Ovarian; Gestational Trophoblastic Tumor; Glioma; Glioma, Childhood Brain
Stem; Glioma, Childhood Cerebral Astrocytoma; Glioma, Childhood Visual Pathway and
Hypothalamic; Hairy Cell Leukemia; Head and Neck Cancer; Hepatocellular (Liver)
Cancer, Adult (Primary); Hepatocellular (Liver) Cancer, Childhood (Primary); Hodgkin's
Lymphoma; Hodgkin's Lymphoma; Hodgkin's Lymphoma During Pregnancy;
Hypopharyngeal Cancer; Hypothalamic and Visual Pathway Glioma; Intraocular
Melanoma; Islet Cell Carcinoma (Endocrine Pancreas); Kaposi's Sarcoma; Kidney (Renal
Cell) Cancer; Kidney Cancer; Laryngeal Cancer; Laryngeal Cancer; Leukemia, Acute
Lymphoblastic; Leukemia, Acute Lymphoblastic; Leukemia, Acute Myeloid; Leukemia,
Acute Myeloid; Leukemia, Chronic Lymphocytic; Leukemia; Chronic Myelogenous;
Leukemia, Hairy Cell; Lip and Oral Cavity Cancer; Liver Cancer, Adult (Primary); Liver
Cancer, Childhood (Primary); Lung Cancer, Non-Small Cell; Lung Cancer, Small Cell;
Lymphoma, AIDS-Related; Lymphoma, Burkitt's; Lymphoma, Cutaneous T-Cell, see
Mycosis Fungoides and Sézary Syndrome; Lymphoma, Hodgkin's; Lymphoma, Hodgkin's;
Lymphoma, Hodgkin's During Pregnancy; Lymphoma, Non-Hodgkin's; Lymphoma, Non-
Hodgkin's; Lymphoma, Non-Hodgkin's During Pregnancy; Lymphoma, Primary Central
Nervous System; Macroglobulinemia, Waldenstrom's; Malignant Fibrous Histiocytoma of
Bone/Osteosarcoma; Medulloblastoma; Melanoma; Melanoma, Intraocular (Eye); Merkel
Cell Carcinoma; Mesothelioma, Adult Malignant; Mesothelioma; Metastatic Squamous
Neck Cancer with Occult Primary; Multiple Endocrine Neoplasia Syndrome; Multiple
Myeloma/Plasma Cell Neoplasm’ Mycosis Fungoides; Myelodysplastic Syndromes;
Myelodysplastic/Myeloproliferative Diseases; Myelogenous Leukemia, Chronic; Myeloid
Leukemia, Adult Acute; Myeloid Leukemia, Childhood Acute; Myeloma, Multiple;

Myeloproliferative Disorders, Chronic; Nasal Cavity and Paranasal Sinus Cancer;
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Nasopharyngeal Cancer; Nasopharyngeal Cancer; Neuroblastoma; Non-Hodgkin's
Lymphoma; Non-Hodgkin's Lymphoma; Non-Hodgkin's Lymphoma During Pregnancy;
Non-Small Cell Lung Cancer; Oral Cancer; Oral Cavity Cancer, Lip and; Oropharyngeal
Cancer; Osteosarcoma/Malignant Fibrous Histiocytoma of Bone; Ovarian Cancer; Ovarian
Epithelial Cancer; Ovarian Germ Cell Tumor; Ovarian Low Malignant Potential Tumor;
Pancreatic Cancer; Pancreatic Cancer; Pancreatic Cancer, Islet Cell; Paranasal Sinus and
Nasal Cavity Cancer; Parathyroid Cancer; Penile Cancer; Pheochromocytoma;
Pineoblastoma and Supratentorial Primitive Neuroectodermal Tumors; Pituitary Tumor;
Plasma Cell Neoplasm/Multiple Myeloma; Pleuropulmonary Blastoma; Pregnancy and
Breast Cancer; Pregnancy and Hodgkin's Lymphoma; Pregnancy and Non-Hodgkin's
Lymphoma; Primary Central Nervous System Lymphoma; Prostate Cancer; Rectal Cancer;
Renal Cell (Kidney) Cancer; Renal Cell (Kidney) Cancer; Renal Pelvis and Ureter,
Transitional Cell Cancer; Retinoblastoma; Rhabdomyosarcoma; Salivary Gland Cancer;
Salivary Gland Cancer; Sarcoma, Ewing's Family of Tumors; Sarcoma, Kaposi's; Sarcoma,
Soft Tissue; Sarcoma, Soft Tissue; Sarcoma, Uterine; Sezary Syndrome; Skin Cancer (non-
Melanoma); Skin Cancer; Skin Cancer (Melanoma); Skin Carcinoma, Merkel Cell; Small
Cell Lung Cancer; Small Intestine Cancer; Soft Tissue Sarcoma; Soft Tissue Sarcoma;
Squamous Cell Carcinoma, see Skin Cancer (non-Melanoma); Squamous Neck Cancer with
Occult Primary, Metastatic; Stomach (Gastric) Cancer; Stomach (Gastric) Cancer;
Supratentorial Primitive Neuroectodermal Tumors; T-Cell Lymphoma, Cutaneous, see
Mycosis Fungoides and Sézary Syndrome; Testicular Cancer; Thymoma; Thymoma and
Thymic Carcinoma; Thyroid Cancer; Thyroid Cancer; Transitional Cell Cancer of the
Renal Pelvis and Ureter; Trophoblastic Tumor, Gestational; Unknown Primary Site,
Carcinoma of; Unknown Primary Site, Cancer of; Unusual Cancers of Childhood; Ureter
and Renal Pelvis, Transitional Cell Cancer; Urethral Cancer; Uterine Cancer, Endometrial;
Uterine Sarcoma; Vaginal Cancer; Visual Pathway and Hypothalamic Glioma; Vulvar
Cancer; Waldenstrom's Macroglobulinemia; Wilms' Tumor; and Women's Cancers.
Pharmaceutical Compositions

Pharmaceutical compositions of this invention include any modulator identified
according to the present invention, or a pharmaceutically acceptable salt thereof, and a
pharmaceutically acceptable carrier, adjuvant, or vehicle.

Methods of making and using such pharmaceutical compositions are also included

in the invention. The pharmaceutical compositions of the invention can be administered
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orally, parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally, or
via an implanted reservoir. The term parenteral as used herein includes subcutaneous,
intracutaneous, intravenous, intramuscular, intra articular, intrasynovial, intrasternal,
intrathecal, intralesional, and intracranial injection or infusion techniques.

Dosage levels of between about 0.01 and about 100 mg/kg body weight per day,
preferably between about 0.5 and about 75 mg/kg body weight per day of the modulators
described herein are useful for the prevention and treatment of disease and conditions. The
amount of active ingredient that may be combined with the carrier materials to produce a
single dosage form will vary depending upon the host treated and the particular mode of
administration. A typical preparation will contain from about 5% to about 95% active
compound (w/w). Alternatively, such preparations contain from about 20% to about 80%
active compound.

Kits

The present invention provides kits, for example for screening, diagnosis,
preventing or treating diseases, ¢.g., those described herein. For example, a kit may
comprise one or more polypeptides or one or more modulators, optionally formulated as
pharmaceutical compositions as described above and optionally instructions for their use.
In still other embodiments, the invention provides kits comprising one or more one or more
polypeptides or one or more modulators, optionally formulated as pharmaceutical
compositions, and one or more devices for accomplishing administration of such
compositions.

Kit components may be packaged for either manual or partially or wholly automated
practice of the foregoing methods. In other embodiments involving kits, this invention
contemplates a kit including compositions of the present invention, and optionally
instructions for their use. Such kits may have a variety of uses, including, for example,
imaging, diagnosis, therapy, and other applications.

Screening methods

Provided herein are screening methods for identifying agents that modulate the
angiogenin-mediated ribosomal RNA transcription. An increase in ribosomal RNA
transcription of a cellular composition in the presence of a test compound relative to RNA
transcription in the composition in the absence of the test compound indicates that the test
compound is an inducer of angiogenin-mediated ribosomal RNA transcription.

Alternatively, a decrease in ribosomal RNA transcription in the composition in the presence
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of the test compound relative to RNA transcription in the composition in the absence of the
test compound indicates that the test compound is an inhibitor of angiogenin-mediated
ribosomal RNA transcription.

Cellular compositions include a cellular component or sub-cellular fraction, an
intact cell, such as a mammalian cell, or an organism, such as a mammal.

In certain embodiments the cellular composition comprises a cancer cell or a tumor-
associated endothelial cell, or a cellular component or sub-cellular fraction of the cancer or
endothelial cell. In particular, the cancer cell is obtained from a mammal suffering from
androgen-independent prostate cancer or estrogen-independent breast cancer.

Alternatively, the cancer cell is obtained from a mammal suffering from androgen-
dependent prostate cancer or estrogen-dependent breast cancer.

Described herein are suitable test compounds. Particular test compounds include
small molecules, antibodies, and nucleic acids. Specific test compounds are derivatives of
neomycin and/or neamine.

The efficacy of a test compound can be assessed by generating dose response curves
from data obtained using various concentrations of the test compound. Moreover, a control
assay can also be performed to provide a baseline for comparison. In an exemplary control
assay, angiogenin-mediated ribosomal RNA transcription is quantitated in the absence of
the test compound.

Test agents (or substances) for screening to identify modulators, ¢.g., inhibitors or
enhancers, of angiogenin-mediated ribosomal RNA transcription can be from any source
known in the art. They can be natural products, purified or mixtures, synthetic compounds,
members of compound libraries, etc. The compounds to be tested may be chosen at random
or may be chosen using a filter based on structure and/or binding sites of the proteins. The
test substances can be selected from those that have previously identified to have biological
or drug activity or from those that have not. In some embodiments a natural substrate is the
starting point for designing a modulator of binding.

The cell may be or cell lysate may be from a eukaryotic cell, e.g., a mammalian cell,
such as a human cell, a yeast cell, a non-human primate cell, a bovine cell, an ovine cell, an
equine cell, a porcine cell, a sheep cell, a bird (e.g., chicken or fowl) cell, a canine cell, a
feline cell or a rodent (mouse or rat) cell. It can also be a non-mammalian cell, e.g., a fish

cell. Yeast cells include S. cerevisiae and C. albicans. The cell may also be a prokaryotic
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cell, e.g., a bacterial cell. The cell may also be a single-celled microorganism, e.g., a
protozoan. The cell may also be a metazoan cell, a plant cell or an insect cell.

All publications, including patents, applications, and GenBank Accession numbers
mentioned herein are hereby incorporated by reference in their entirety as if each individual
publication or patent was specifically and individually indicated to be incorporated by
reference. In case of conflict, the present application, including any definitions herein, will
control.

The invention now being generally described, it will be more readily understood by
reference to the following examples, which are included merely for purposes of illustration
of certain aspects and embodiments of the present invention, and are not intended to limit
the invention.

EXEMPLIFICATION

Example 1: Neamine inhibits prostate cancer growth by suppressing angiogenin-

mediated ribosomal RNA transcription

Increasing evidence points to an important role of ANG in the development and
progression of prostate cancer (1-5). ANG has been shown to be up-regulated progressively
in human prostate cancer (5). The circulating level of ANG in plasma is significantly higher
in prostate cancer patients, especially those with hormone refractory diseases, as compared
with normal controls (4). Immunohistochemical (IHC) studies indicated that ANG
expression in the prostate epithelial cells is increased as prostate cancer progresses from a
benign phenotype to invasive adenocarcinoma (5). Mouse ANG is the most significantly up-
regulated gene in AKT-induced PIN in MPAKT mice (4).

ANG has been shown to undergo nuclear translocation in proliferating endothelial
cells (6) where it stimulates rRNA transcription (7), a rate-limiting step in protein
translation and cell proliferation (8). ANG-stimulated rRNA transcription has been
proposed to be a general requirement for endothelial cell proliferation and angiogenesis (9).
ANG inhibitors abolish the angiogenic activity of ANG as well as that of other angiogenic
factors including VEGF and bFGF (9). Morecover, ANG has been found to play a direct role
in cancer cell proliferation (10). Nuclear translocation of ANG in endothelial cells is
inversely dependent on cell density (11) and is stimulated by growth factors (9). However,
ANG is constitutively translocated to the nucleus of cancer cells in a cell density-

independent manner (10, 12). It has been proposed that constitutive nuclear translocation of
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ANG is one of the reasons for sustained growth of cancer cells, a hallmark of malignancy
(1).

The dual role of ANG in prostate cancer progression indicates that ANG is a
molecular target for the development of cancer drugs (1). ANG inhibitors combine the
benefits of both anti-angiogenesis and chemotherapy because both angiogenesis and cancer
cell proliferation are targeted. Moreover, since ANG-mediated rRNA transcription is
essential for other angiogenic factors to induce angiogenesis (9), ANG antagonists are more
effective as angiogenesis inhibitors than others that target only one angiogenic factor.

The activity of ANG in both endothelial and cancer cells is related to its capacity to
stimulate rRNA transcription; for that to occur ANG needs to be in the nucleus physically
(7). ANG has a typical signal peptide and is a secreted protein (13). The mechanism by
which it undergoes nuclear translocation was not previously known (14), but it is a target
for anti-ANG therapy. Targeting nuclear translocation of ANG is more advantageous than
targeting ANG directly because normally ANG circulates in the plasma (15) ata
concentration of 250-350 ng/ml (16, 17) and requires a high dose of inhibitors to neutralize
them.

Neomycin, an aminoglycoside antibiotic, has been shown to block nuclear
translocation of ANG (18) and to inhibit xenograft growth of human prostate cancer cells in
athymic mice (1). However, the nephro- and oto-toxicity of neomycin (19) would seem to
preclude its prolonged use as an anti-cancer agent. Neamine (20), a nontoxic degradation
product of neomycin, effectively inhibits nuclear translocation of ANG (12). It has also
been shown to inhibit angiogenesis induced both by ANG and by bFGF and VEGF (9).
Moreover, it inhibits xenograft growth of HT-29 human colon adenocarcinoma and MDA-
MB-435 human breast cancer cells in athymic mice (12). Since the toxicity profile of
neamine is close to that of streptomycin and kanamycin, which is ~20-fold less toxic than
neomycin (21, 22), it serves as a lead agent for the development of prostate cancer
therapeutics. Neamine’s capacity to prevent the establishment and to inhibit the growth of
PC-3 human prostate cancer cells in mice, as well as its capacity to prevent and to reverse
AKT-induced PIN in MPAKT mice, is described herein.

Neamine inhibits xenograft growth of PC-3 human prostate cancer cells in athymic
mice.

The anti-prostate cancer activity of neamine was examined first in a xenograft tumor

model in which PC-3 human prostate cancer cells were injected into athymic mice. Fig. 1
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shows that subcutaneous (s.c.) treatment with neamine at 30 mg/kg, a nontoxic dose that is
42-fold lower than the reported LDsg of 1250 mg/kg (19), prevented tumor establishment in
50% of the athymic mice. At day 20, all of the untreated mice (n=12) had tumors, while
only 5 of the 12 neamine-treated animals had palatable tumors. Fifty percent of the animals
never developed ectopic PC-3 tumors as a consequence of neamine treatment (Fig. 14). In
the animals that did develop tumors, their growth rate was decreased significantly (Fig. 15).
At day 56, when all animals were sacrificed, the average tumor weight in the control and
neamine-treated groups was 620 + 310 and 170 + 50 mg, respectively (Fig. 1C and 1D),
representing a 72.5% inhibition of tumor growth by neamine.

Neamine blocks nuclear translocation of ANG, suppresses rRNA transcription, and
inhibits cell proliferation and angiogenesis.

To understand how neamine inhibits PC-3 cell tumor growth in athymic mice, the
status of nuclear human ANG was examined in the tumor tissues grown in untreated and
neamine-treated mice. IHC staining with a human ANG-specific monoclonal antibody (26-
2F) shows that ANG is stained predominantly in the nucleus of tumor cells grown in
untreated animals (Fig. 24, left panel), whereas in neamine treated tumors most of the ANG
is extracellular (Fig. 24, right panel). These results indicate that in PC-3 cells neamine
blocks nuclear translocation of ANG. Since the function of nuclear ANG is known to be
related to rRNA transcription, iz situ hybridization (ISH) was used with a probe specific for
the initiation site of the 47S rRNA precursor to clarify the effect of neamine on rRNA
transcription. Fig. 2B shows that in neamine-treated tumor tissues the 47S rRNA level is
decreased significantly when compared with that of control tumor tissues. IHC with
antibodies against PCNA (Fig. 1C) and von Willebrand factor (vWF) (Fig. 1D) were used
to determine cell proliferation and angiogenesis status, respectively. Neamine treatment
decreased PCNA positive cells from 75.4 + 6 to 25.6 + 6.4 % (Fig. 2C), representing a 66%
decrease in cell proliferation. Vessel density decreased from 82 & 3.2 to 22.3 + 9.6 vessels
per mm’, representing a 72.8% decrease in tumor angiogenesis (Fig. 2D). Jointly, the data
indicate that neamine blocks nuclear translocation of ANG thereby suppressing rRNA
transcription, cell proliferation and angiogenesis, consistent with the previous report that
ANG plays a dual role in prostate cancer progression by stimulating both angiogenesis and
cancer cell proliferation (1). They also concur with the reports that nuclear function of
ANG is related to rRNA transcription (7) and that the neomycin family of aminoglycoside

antibiotics blocks nuclear translocation of ANG (18).
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Neamine prevents AKT-induced PIN in MPAKT mice.

The anti-prostate cancer activity of neamine was examined further in AKT
transgenic mice known to develop PIN spontancously, the precursor of prostate cancer.

ANG is the highest up-regulated gene in the PIN lesion of MPAKT mice (4). However, the
role of ANG in AKT-induced proliferation of prostate epithelial cells has been uncertain.
To understand whether ANG is involved in AKT-induced prostate epithelial cell
proliferation and PIN formation, 4-week-old MPAKT mice were treated with neamine at a
daily i.p. dose of 10 mg/kg for 4 weeks. The mice were sacrificed at week 8 and the ventral
prostates were examined histologically for PIN formation. H and E staining shows that
neamine inhibited PIN formation (Fig. 34 and 3B). The percentage of PIN in the ventral
prostate decreased from 95.1 £4.3 to 39.6 £ 1.4 % after neamine treatment, as determined
by the use of established criteria for PIN such as intraglandular cell expansion and lumen
formation, nuclear atypia, and loss of cell polarity (4). IHC with an anti-mouse ANG
antibody shows strong nuclear staining of ANG in the prostate epithelial cells from the
ventral prostate of untreated animals (Fig. 3C). In neamine-treated ones, ANG was
predominantly cytoplasmic and extracellular (Fig. 3D), indicating blockage of nuclear
translocation of ANG in the prostate epithelial cells. To exclude the possibility that neamine
might have affected AKT transgene expression or phosphorylation, IHC was performed
with an anti-pAKT antibody and showed that AKT phosphorylation in neamine-treated
samples (Fig. 3F) did not differ from those of controls (Fig. 3£), demonstrating that nuclear
ANG is not involved in the AKT phosphorylation pathway and that neamine does not affect
AKT transgene expression and phosphorylation. ISH with a probe specific for the initiation
site of the mouse 47S rRNA shows that the level of 47S rRNA in the ventral prostate
epithelial cells decreased dramatically after neamine treatment (Fig. 3G and 3H), thereby
confirming the activity of nuclear ANG in rRNA transcription.

ANG plays a dual role in prostate cancer progression by stimulating rRNA
transcription in both endothelial and cancer cells (1). It undergoes nuclear translocation in
both cell types and can be inhibited by neomycin (1, 18). The effect of neamine treatment
on both angiogenesis and AKT-induced prostate luminal cell proliferation was examined.
IHC with an anti-CD31 antibody shows that neamine treatment decreased interluminal
angiogenesis (Fig. 44). Vessel density in the control and treated ventral prostate was 11.5 +
4.5 and 4 + 0.5 per mm?, respectively. Neamine treatment also decreases cell proliferation

in the ventral prostate (Fig. 4B). Ki-67 positive cells decreased from 61.1 £9.3 % in
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untreated PIN to 24.9 + 8.4 in neamine-treated samples. Thus, neamine inhibits both
angiogenesis and cell proliferation.
Neamine treatment reverses established PIN in MPAKT mice.

The effect of neamine on established PIN was examined. For this purpose, 12-week-
old MPAKT mice with fully developed PIN were treated by daily i.p. injection of neamine
(10 mg/kg) for a period of 4 weeks. The animals were sacrificed at week 16 and the ventral
prostates subjected to histological, IHC and ISH examinations. Neamine treatment shrank
established PIN and restored normal luminal architectures of the ventral prostate in AKT
over-expressing mice (Fig. 54 and 5B). Again, AKT expression and phosphorylation were
not affected (Fig. 5C and 5D), but rRNA transcription was inhibited by neamine (Fig. 5E
and 5F). For established PIN to reverse its phenotype, cell death at the prostate lumens
would have to occur. TUNEL staining shows that neamine treatment does induce apoptosis
of the prostate luminal epithelial cells of MPAKT mice in contrast with the untreated
samples (Fig. 5G and 5H). The apoptotic index in the untreated and neamine-treated
samples were 0.89 +0.12 and 2.15 £+ 0.17 per duct, respectively. Jointly, these data
demonstrate that neamine blocks nuclear translocation of ANG thereby inhibiting rRNA
transcription and inducing cell apoptosis, leading to a phenotypic reversal of established
PIN.

ANG is a proven target for prostate cancer therapy owing to its dual role in prostate
cancer progression (1). ANG-stimulated rRNA transcription in endothelial cells is a general
requirement for angiogenesis (9). Earlier work has shown that ANG is essential for
angiogenesis induced by a variety of other angiogenic factors including aFGF, bFGF, EGF,
and VEGF (9). Targeting ANG is more effective than targeting other individual angiogenic
factors. Moreover recent work has shown ANG to play a direct role in prostate cancer
proliferation (1, 10), making inhibition of ANG an even more attractive target for cancer
drug development. It is conceivable that ANG inhibitors would provide the benefits of both
anti-angiogenic and traditional chemotherapy.

To develop anti-ANG therapy, both ANG and its receptor are targets. The cell
surface receptor of ANG has not been previously identified . Past efforts have focused on
targeting ANG itself. A variety of approaches have been explored and proofs-of-principle
have been established that ANG inhibitors are possible anti-cancer agents. Thus, ANG
inhibitors including specific antisense (3) and siRNA (1), monoclonal antibodies (23) or

soluble binding protein (24), as well as a small-molecule enzymatic inhibitors (25) have all

-34 -



WO 2010/062650 PCT/US2009/062371

been shown to inhibit xenograft growth of human cancer. The relatively high concentration
of ANG (~250-350 ng/ml) that circulates in plasma (16, 17) is a caveat of these strategies.
The majority of the circulating ANG is produced by the liver (26). Moreover, with a
seeming fast turnover rate and a half-life of 2 h (27), a large quantity of ANG inhibitors
would be needed to neutralize the circulating ANG.

An alternative approach to inhibit the function of ANG would be blockage of its
nuclear translocation. The biological function of ANG is related to rRNA transcription (28),
which requires ANG to be in the nucleus physically (7). Nuclear translocation of ANG
seems to be essential for its biological function (6). Targeting nuclear translocation of ANG
would avoid potential problems caused by its high plasma concentration. A distinct
advantage of targeting nuclear translocation of ANG is that it would not have serious side
effects since nuclear translocation of ANG occurs only in proliferating endothelial and
cancer cells. It does not occur in normal epithelial cells and fibroblasts.

In efforts to understand the mechanism by which ANG is translocated to the nucleus
of endothelial cells, neomycin was discovered to block nuclear translocation of ANG and to
inhibit ANG-induced cell proliferation and angiogenesis (18). Moreover, necomycin has
been shown to inhibit xenograft growth of PC-3 cells in athymic mice (1). Neomycin is an
aminoglycoside antibiotic isolated originally from Streptomyces fradiae (29). Similar to
other aminoglycosides, neomycin has high activity against Gram-negative bacteria, and has
partial activity against Gram-positive bacteria. However, neomycin is nephro- and oto-toxic
to humans and its clinical use has been restricted to topical preparation and oral
administration as a preventive measure for hepatic encephalopathy and
hypercholesterolemia by killing bacteria in the small intestinal tract and keeping ammonia
levels low (19). The nephrotoxicity of neomycin is associated with selective accumulation
in the kidney where the cortical levels may reach as high as 20 times those of circulating
levels in serum. The mechanism underlying selective renal accumulation has been shown to
be tubular reabsorption, extraction from the circulation at the basolateral surface, as well as
brush border uptake (21). The antibiotic activity and the renal toxicity of neomycin seem to
be separable from its capacity to inhibit nuclear translocation of ANG. This led our search
for less toxic derivatives and analogues of neomycin and led to the finding that neamine
(30), a virtually nontoxic derivative of neomycin, has comparable activity in blocking
nuclear translocation of ANG (12). Neamine is equally effective in inhibiting angiogenesis

induced by ANG as well as by other angiogenic factors (9). Other aminoglycoside
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antibiotics including streptomycin, gentamicin, kanamycin, amikacin, and paromomycin do
not block nuclear translocation of ANG and are not anti-angiogenic (18).

Neamine is a degradation product of neomycin although there is some evidence that
it is also produced in small amounts by Streptomyces fradiae (30). Cell and organ culture
experiments have shown that the nephro- and oto-toxicity of neamine is ~5 and 6%,
respectively, of that of neomycin (21, 22). Thus, the toxicity of neamine is similar to that of
streptomycin, an antibiotic that is in clinical use. Neamine is also less neuromuscularly
toxic than neomycin. The acute LDs, (subcutaneous) in mice for neamine, neomycin, and
streptomycin is 1,250, 220, and 600 mg/kg, respectively (19). The recommended dosage for
intramuscular injection of streptomycin in humans is 25-30 mg/kg twice weekly (31). Since
neamine appears to be less toxic than streptomycin, the doses generally used in this study
(30 mg/kg s.c., and 10 mg/kg i.p.) should be tolerated well. No acute or chronic adverse
side effects were observed in the experiments described herein.

Neamine is effective in inhibiting prostate cancer growth in both the xenograft and
spontancous mouse models. With the xenograft animal model, neamine prevented the
establishment of PC-3 cell tumors in 50% of the animals with an overall inhibition of
72.5% in the growth rate (Fig. 1). Histology and IHC evaluation demonstrated that neamine
inhibited both angiogenesis and cancer cell proliferation (Fig. 24 and 2B). These results are
consistent with results obtained using neomycin, confirming the dual role of ANG and
providing a similar mechanism of inhibition mediated by neamine and neomycin. Indeed,
neamine treatment blocked nuclear translocation of ANG and suppressed rRNA
transcription in cancer cells (Fig. 2C and 2D).

Neamine is effective in preventing AKT-induced PIN in MPAKT mice (Fig. 3).
AKT kinase activity is frequently elevated in prostate cancers (32). Activated AKT
promotes both cell growth and survival. Mouse ANG is the most significantly up-regulated
gene in the prostate during PIN development in AKT transgenic mice (4). In these mice,
expression of AKT in the ventral prostate results in activation of the p70°* pathway and
induction of PIN similar in character to that observed in PTEN"" mice (33). PTEN has been
shown to regulate cell size in association with its ability to regulate ribosome biogenesis
(34). Inactivating somatic mutation of PTEN or loss of the PTEN protein are common in
prostate cancer cell lines and in primary and metastatic tumor specimens (35). Mutation of
PTEN leads to deregulated PI3K signaling, resulting in constitutive activation of

downstream targets including the AKT kinase family. Transformation by PI3K or AKT
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correlates directly with activation of mTOR and its downstream target S6K (36). S6
phosphorylation has been associated with translation of a specific class of mRNA termed
TOP (a terminal oligopyrimidine track in the 5’ untranslated region) mRNA (37). This class
of mRNAs includes ribosomal proteins, clongation factors 1A1 and 1A2, and several other
proteins involved in ribosome biogenesis or in translation control (38). Thus, AKT
activation will enhance ribosomal protein production. However, it is unknown how
transcription of rRNA, which needs to be incorporated in an equimolar ratio, is elevated
proportionally. ANG is upregulated by AKT so that rRNA transcription can be increased to
fulfill the enhanced growth requirement resulting from AKT activation. The findings that
neamine treatment decreases rRNA transcription in the luminal epithelial cells of the
ventral prostate of the mice support this mechanism.

The capacity of neamine to reverse established PIN is a clinically relevant finding
(Fig. 5). Neamine treatment of the MPAKT mice that have fully developed PIN inhibited
rRNA transcription, induced cell proliferation, resulting in a reversal of PIN phenotype and
normalization of the luminal architecture. These results indicate that ANG is important not
only for the initial cell expansion during PIN formation but also for cell survival and
maintenance of established PIN. Given the nontoxic nature of neamine and its potent
activity against ANG-mediated rRNA transcription that is essential for prostate cancer
progression, neamine is useful as a therapeutic agent in prostate and other cancer.
Materials and Methods
Cells and animals. PC-3 cells were cultured in DMEM + 10% FBS. Outbred male athymic
mice (nu/nu) were from Charles River Laboratories. A breeding pair of MPAKT mice was
provided by Dr. W. R. Sellers of Dana Farber Cancer Institute. All animal experiments
were approved by IACUC of Harvard Medical School.
Xenograft growth of PC-3 cell tumors. Five-week-old male athymic mice were
inoculated s.c. with 100 pl of a mixture containing 5 x 10° PC-3 cells and 33 pl of Matrigel.
The mice were treated s.c. with PBS or neamine (30 mg/kg) twice weekly for 8 weeks.
Tumor sizes were measured every 3 days and recorded in mm® (Length x width?). Mice
were sacrificed at day 56 and the tumors were removed and the wet weights of the PC-3
tumors were recorded.
Treatment of MPAKT mice with neamine. For PIN prevention experiments, 4-week-old
MPAKT mice were treated with daily i.p. injection of PBS or neamine at a dose of 10

mg/kg body weight for 4 weeks. To examine the effect of neamine on established PIN, 12-
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week-old MPAKT mice with fully developed PIN were treated with daily i.p. injection of
PBS or neamine at a dose of 10 mg/kg body weight for 4 weeks. The animals were
sacrificed and the entire genitourinary tract was removed and fixed with 4%
paraformaldehyde and embedded in paraffin.

IHC. Tissue sections of 4 um were hydrated, incubated for 30 min with 3% H,0O; in
methanol at RT, washed with H,O and PBS, and microwaved in 10 mM citrate buffer, pH
6.0, for 10 min. Sections were blocked in 5% dry milk for 30 min and incubated with
antibodies against human ANG (30 pg/ml, 26-2F), mouse ANG (10 pg/ml, R163), PCNA
(1:200, Dako), vWF (1:200, Dako), and p-Akt-S473 (1:100; Cell signaling) in 1% BSA at
4°C for 16 h. For detection of Ki67, the sections were blocked in the M.O.M. ™ mouse Ig
blocking reagent for 60 min and incubated with anti-Ki-67 antibody (1:100; Vector
Laboratories) in the M.O.M.™ diluent at 25°C for 1 h. The slides were washed with PBS,
and incubated with HRP-labeled second antibody and visualized with the DakoCytomation
EnVision System.

ISH for 47S rRINA. Riboprobes for human and mouse 47S rRNA were prepared and
labeled with digoxigenin as described by Qian et al. (39). Tissue sections were deparaffined
with xylene and rehydrated with ethanol. After proteinase K treatment (1.5 ug/ml for 10
min at RT) and acetylation reaction (0.25% acetic anhydride in 0.1 mM Triethanolamine at
RT for 20 min), the sections were washed with 4 x SSC, prehybridized at 45 °C for 1 hin 5
x SSC containing 50% formamide, 0.5 mg/ml heparin, and 0.1 mg/ml salmon sperm DNA.
Hybridization was carried out in the same buffer as prehybridization but containing 800
ng/ml digoxigenin labeled probe at 45 °C for 16 h. After successive washing in 4 x SSC (1
min at RT), 50% formamide in 2 x SSC/ (1 h at 45 °C), 0.1 x SSC (2 h at 45 °C), TTBS (5
min at RT), the hybridization signal was visualized using an alkaline phosphatase-
conjugated anti-digoxigenin antibody with nitroblue tetrazolium/5-bromo-4-chloro-3-
indolyl phosphate as the substrate.

TUNEL assay. Formalin-fixed tissue sections were deparaffinized in xylene, rehydrated in
ethanol and incubated with proteinase K (0.02mg/ml) for 20 min at RT. TUNEL staining
was carried out using the Fluorescein-FragEL DNA Fragmentation Detection kit
(Calbiochem) per the manufacturer’s instructions. TUNEL-positive luminal epithelial cells

were counted in all ducts of the ventral prostate.
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Example 2: Angiogenin-stimulated Ribosomal RNA Transcription Is Essential for

Initiation and Survival of AKT-induced Prostate Intraepithelial Neoplasia

ANG stimulates rRNA transcription and is essential for AKT-driven PIN formation
and survival. Upregulation of ANG in the AKT over-expressing mouse prostates is an carly
and lasting event. It occurs before PIN initiation and lasts beyond PIN is fully developed.
Knocking-down ANG expression by intraprostate injection of lentivirus-mediated ANG-
specific siRNA prevents AKT-induced PIN formation without affecting AKT expression
and its signaling through the mTOR pathway. Neomycin, an aminoglycoside antibiotic that
blocks nuclear translocation of ANG, and N65828, a small-molecule enzymatic inhibitor of
the ribonucleolytic activity of ANG, both prevent AKT-induced PIN formation and reverse
established PIN. They also restore cell size and normalize luminal architectures of the
prostate despite continuous activation of AKT. All three types of the ANG inhibitor
suppress rRNA transcription of the prostate luminal epithelial cells and inhibit AKT-
induced PIN indicating an essential role of ANG in AKT-mediated cell proliferation and
survival.

PTEN has been shown to regulate cell size in association with its ability to regulate
ribosome biogenesis (13, 14). PTEN is a phosphatase that down-regulates the PI3K
pathway by dephosphorylating the lipid phosphotidylinositol-3,4,5-trisphosphate to
phosphotidylinositol-4,5-bisphosphate(15, 16). Inactivating somatic mutation of PTEN or
loss of the PTEN protein are common in prostate cancer cell lines and in primary and
metastatic tumor specimens (17-19). Mutation of PTEN leads to deregulated PI3K
signaling, resulting in constitutive activation of downstream targets including the AKT
kinase family. AKT kinase activity is frequently elevated in prostate cancers (20). AKT is
activated through phosphorylation on Ser-473 and Thr-308. Activated AKT promotes both
cell growth and cell survival.

mTOR plays an important role in PI3K- and AKT-dependent oncogenesis,
especially in the pathogenesis of prostate cancer (7, 21). Transformation by PI3K or AKT
directly correlates with activation of mTOR and its downstream target S6K (22). S6
phosphorylation has been associated with translation of a specific class of mRNA termed
TOP (a terminal oligopyrimidine track in the 5’ untranslated region) mRNA (23). This class
of mRNAs includes ribosomal proteins, clongation factors 1A1 and 1A2, and several other
proteins involved in ribosome biogenesis or in translation control (24). Thus, AKT

activation will enhance ribosomal protein production. However, a missing link from AKT
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overexpression to enhanced ribosome biogenesis is how transcription of rRNA, which
needs to be incorporated in an equimolar ratio, is proportionally elevated. ANG is
upregulated in the prostate of MPAKT mice to fulfill this growth requirement.
Upregulation of ANG expression in AKT-driven PIN is an early and lasting event

Immunohistochemistry (IHC) with an affinity-purified anti-mouse ANG polyclonal
antibody (R163) was used to show that the ANG protein levels are higher in the ventral
prostate of MPAKT mice than in that of the WT littermates across the age ranging from 4
to 12 weeks (Fig. 6). R163 has been previously used to detect mouse ANG expression
during development and has been shown to be specific to mouse ANG. No IHC signals
were detected if the primary antibody was omitted or if the incubation was carried out in the
presence of mouse ANG protein (1 pug/ml). Therefore upregulation of ANG in the prostate
of MPAKT mice is an early and lasting event. Since it is known that PIN starts to develop
at week 6 in MPAKT mice and has been fully developed at week 12 (7), these results show
that ANG plays a role in PIN initiation as well as the survival and maintenance of
established PIN in these mice. ANG was detected in the extracellular matrix (indicated by
white arrows), consistent with its established role in stimulating angiogenesis. Importantly,
predominant nuclear staining of ANG (indicated by black arrows) was observed in the
prostate luminal epithelial cells of MPAKT mice, demonstrating that ANG plays a role in
prostate luminal epithelial cell growth and proliferation.
Knocking-down ANG expression prevented PIN formation

To understand the role of ANG in original cell growth and proliferation in the PIN
lesion, the effect of knocking-down ANG expression on PIN formation was examined.
Mouse ANG/ is the predominant form among the 6 isoforms and is the ortholog of human
ANG (human has only 1 ANG gene) (25). ANGI (hereafter labeled as ANG) was therefore
targeted with a lentivirus-based siRNA method (26). Three lentiviral vector-mediated
mouse ANG-specific siRNA targeting at different regions of the ANG mRNA were obtained
(Open Biosystems) and their efficacy in knocking down ANG expression was confirmed in
Lewis Lung carcinoma cells by real time RT-PCR. Four-week-old mice were treated by a
single intraprostate injection of lentivirus containing ANG-specific siRNA and a
nonspecific control ShRNA. The mice were sacrificed when they were 8-weeks-old and
examined for PIN formation by H & E staining (Fig. 7A to C) and for ANG expression by
IMC with anti-ANG antibody R163 (Fig. 7D to F). PIN was formed (Fig. 7A) in the mice

that were treated with the control shRNA and prominent nuclear ANG protein staining was
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detected by IHC (Fig. 7D). However, in the mice treated with ANG-specific siRNA, ANG
expression was suppressed (Fig. 7E) and PIN formation was inhibited (Fig. 7B). The
glandular structure and ANG expression level in ANG siRNA-treated prostate (Fig. 7B and
E) were not significantly different from that of the WT littermates (Fig. 7C and F). Thus,
ANG-specific siRNA successfully knocked-down ANG expression and prevented PIN
formation in MPAKT mice.
Knocking-down ANG expression did not inhibit AKT activity

It is known that AKT overexpression in the prostate of MPAKT mice induces PIN
formation through the mTOR-S6K-S6P signaling pathway (7, 21). In order to know
whether ANG siRNA-mediated inhibition of PIN formation was a result of diminished AKT
transgene expression or of interrupted signal transduction pathway from AKT to S6P,
phosphorylation status of AKT and S6P in the prostate luminal epithelial cells was
examined by IHC. Staining with a phosphorylated AKT (p-AKT)-specific antibody showed
no difference in AKT phosphorylation between the control shRNA- and the ANG siRNA-
treated prostates (Fig. 7G and H), indicating that AKT transgene expression and
phosphorylation were not affected by ANG siRNA. Ribosomal protein S6 (S6RP) is a
down-stream target of AKT and its phosphorylation is known to enhance ribosomal protein
production (27). IHC with an anti-phosphorylated-S6RP (p-S6RP) antibody showed that
S6RP phosphorylation was not inhibited by ANG siRNA (Fig. 7J and K), confirming that
the signal transduction pathway of AKT-S6K-S6RP was not affected. Together, these
results demonstrated that down-regulation of ANG expression did not inhibit AKT
transgene expression and did not affect signaling transduction from AKT to S6P. Thus,
ribosomal protein production was not affected by ANG siRNA.
Knocking-down ANG expression inhibited rRNA transcription

Next, ANG siRNA-induced changes in rRNA transcription in the prostate luminal
epithelial cells of MPAKT mice were examined. /rn situ hybridization (ISH) with a probe
specific to the initiation site of 47S rRNA showed that rRNA transcription was dramatically
increased in the prostate luminal epithelial cells of MPAKT mice (Fig. 7M), as compared to
that of the WT littermates (Fig. 70). Knocking-down ANG expression completely abolished
AKT-induced increase in rRNA transcription (Fig. 7N), showing that rRNA transcription in
AKT-induced PIN is mediated by ANG.

rRNA transcription is a rate-limiting step in ribosome biogenesis (28, 29). A

slowdown in ribosome biogenesis will result in a decrease in both cell growth and
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proliferation. Consistent with the suppression of rRNA transcription, knocking-down ANG
expression decreased cell size as well as cell proliferation. The diameters of the prostate
luminal epithelial cells from MPAKT mice treated with the control shRNA and ANG-
specific siRNA, and that from the WT animals are 15+ 2, 10 £ 2, 10 £ 1 um, respectively
(Fig. 8A). Treatment with ANG siRNA also decreased Ki-67 positive cells from 57.2 £4.9
to 20.8 = 11.7% (Fig. 8B). Together, these results demonstrate that knocking-down ANG
expression suppressed rRNA transcription thereby inhibiting cell growth and proliferation
and preventing PIN formation.
Prevention of PIN formation by small-molecule ANG inhibitors

Next, the effect of neomycin and N65828, two small-molecule inhibitors that
abolish ANG activity by different mechanisms on AKT-induced PIN formation was
examined. Previous results have demonstrated that both nuclear translocation of ANG and
the ribonucleolytic activity of ANG are essential for its biological activity (5, 30). Nuclear
translocation of ANG can be blocked by aminoglycoside antibiotic neomycin (4), whereas
the ribonucleolytic activity of ANG can be inhibited by NCI compound N65828 (8-amino-
5-(4'-hydroxybiphenyl-4-ylazo)naphthalene-2-sulfonate) (31). Both neomycin and N65828
have been shown to inhibit xenograft growth of PC-3 human prostate cancer cells in nude
mice (8, 31). These two molecules were used here to examine the effect of ANG inhibition
on AKT-driven PIN formation. Treatment with neomycin and N65828 both prevented PIN
formation (Fig. 9A to C) but accompanied with a different pattern of nuclear translocation
of ANG (Fig. 9D to F). Under neomycin treatment, the localization of ANG was
extracellular (Fig. 9E). However, ANG remained strongly in the nucleus in N65828-treated
specimen (Fig. 9F). In both cases, AKT phosphorylation (Fig. 9G to I) was not altered.
However, 47S rRNA transcription was inhibited as shown by ISH (Fig. 9J to L). Taken
together, three different types of ANG inhibitors (ANG-specific siRNA, neomycin, and
N65828) all prevented AKT-driven PIN formation. In all three cases, rRNA transcription
was inhibited but AKT phosphorylation was not affected.
ANG inhibitors reversed established PIN

Upregulation of ANG in the PIN of MPAKT mice is a lasting event (Fig. 6),
demonstrating that ANG is important not only for the initial cell proliferation that leads to
PIN formation but also for cell survival in the established PIN. To determine whether ANG
inhibition reverses PIN, 12-week-old MPAKT mice with fully developed PIN were treated

with neomycin or N65828 for 4 weeks. Gross examination of the genitourinary tracts
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showed that the size of the ventral prostate decreased after neomycin treatment (Fig. 10A).
The sizes of the ventral prostates of a representative mouse from the control and neomycin-
treated groups were 69.8 and 44.3 mm’, respectively, indicating shrinkage of the PIN after
neomycin treatment. Neomycin treatment also restored cell size to normal (Fig. 10B). H&E
staining showed that the PIN phenotype (Fig. 11A to C) was reversed after both neomycin
and N65828 treatments. AKT phosphorylation (Fig. 11D to 6F) in both treated groups was
not different from that of the control group. However, 47S rRNA level (Fig. 11G to I) was
dramatically decreased in both neomycin- and N65828-treated animals, indicating
suppression of rRNA transcription. Apoptosis of the prostate luminal cells would have to
occur for a phenotypic reversal of the established PIN. This was indeed the case as shown
by TUNEL staining (Fig. 11J to L). Apoptotic index in the control, neomycin- and N65828-
treated prostate was 0.95 +0.11, 1.95 £ 0.19, and 2.02 + 0.21 (caspase 3 positive cells per
duct), respectively. These results show that ANG inhibitors reversed the established PIN
probably due to an inhibition of rRNA transcription that eventually led to cell apoptosis.
siRNA and small-molecule inhibitors are useful to show the effect of ANG
inhibition on AKT-induced PIN formation and survival. First, lentivirus-mediated ANG-
specific siIRNA was injected into the prostate of MPAKT mice and this treatment knocked-
down ANG expression in the prostate and prevented PIN formation. Knocking-down
prostatic expression of ANG suppressed rRNA transcription and cell proliferation.
However, phosphorylation of AKT and S6RP, a well-defined down-stream target of AKT
involved in ribosomal protein production (27), was not affected by manipulating ANG
expression. The finding that ANG siRNA prevented PIN formation, despite continuous
expression of AKT transgene and activation of its down-stream targets, demonstrated that
proliferation and growth of the prostate intraluminal cells driven by AKT requires the
participation of ANG. These results show that upregulation of ANG stimulates transcription
of rRNA that, together with the ribosomal proteins enhanced through the AKT-mTOR-
S6K-S6P pathway, allows ribosome biogenesis to take place (Fig. 12). Lp. injection of
neomycin blocked nuclear translocation of ANG in the prostate luminal epithelial cells of
MPAKT mice, suppressed rRNA transcription in these cells and prevented PIN formation.
These results not only confirmed that ANG plays a role in AKT-mediated prostate cancer,
but also show that blocking nuclear translocation of ANG is a therapeutic target for prostate

cancer treatment (8).
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Screening of 18,310 compounds from the NCI Diversity Set and the ChemBridge
DIVERSet based on inhibition of the ribonucleolytic activity of ANG has identified
N65828 as a lead compound that preferentially inhibited the enzymatic activity of ANG
over that of RNase A and prevented xenograft growth of PC-3 human prostate cancer cells
in athymic mice (31).
Materials and Methods
Mouse strains and genotyping

Animal experiments were approved by IACUC of Harvard Medical School.
Genotyping was carried out as described (7). All the animals were maintained in a
pathogen-free barrier facility.
Lentivirus production

Lentiviral vectors encoding ANG/-specific siRNA or a nonspecific control ShRNA
were purchased from Open Biosystems. Lentiviral particles were prepared by transient
transfection in 293 cells using the ViraPower Lentiviral Expression Systems according to
manufacturer’s instruction (Invitrogen). Lentiviral particles were harvested after 72 h,
centrifuged at 781 x g for 15 min, and filtered through a 0.45 um PVDF membrane
(Millipore). The viral particles were then ultracentrifuged at 83,000 x g for 1.5 h and the
pellet was resuspended in PBS. The functional viral titer was determined by p24 ELISA
(ZeptoMetrix) and was expressed as transducing unit per ml (TU/ml).
Intraprostate injection

Five min before the surgery, mice were given 1 ml of saline s.c. and anesthetized
with 1.p. injection of ketamine and xylazine at 100 and 10 mg/kg body weight, respectively.
The mice (4-weeks-old) were placed on a sterile gauze covering a heating pad with an
ophthalmic ointment placed on their eyes. The abdomen was wiped with betadine followed
by 70 % ethanol before a middle incision was made through the linea alba. The bladder and
seminal vesicle were retracted anteriorly and lentivirus was injected in a 4 ul volume (9 x
10° TU) into the ventral lobe of the prostate using a 33 gauge needle with a calibrated push-
button dispensing Hamilton syringe. The incision in the fascia was then closed with 3 to 4
silk sutures (6-0) and the skin was closed with auto clips. The mice were given an
additional 1 ml saline and 0.05 mg/kg buprenorphine s.c. and kept on a heating pad until
fully awake. The mice received buprenorphine (0.05 mg/kg) b.i.d. for three days post

operation.
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Immunohistochemistry

The entire genitourinary tract was removed and fixed with 4% paraformaldehyde
and embedded in paraffin. Tissue sections were hydrated, incubated for 30 min with 3%
H,0; in methanol at RT, washed with Milli-Q H,0 and PBS, and heated in a microwave to
95°C in 10 mM citrate buffer, pH 6.0, for 10 min (for ANG, p-S6RP and Ki-67) or in 1 mM
EDTA, pH 8.0, for 15 min (for p-AKT). Sections were blocked in 5% dry milk (for mouse
ANGQG), or in 10% FBS (for p-AKT, and p-S6RP) for 30 min and incubated with antibodies
against mouse ANG (10 pg/ml, R163), p-Akt-S473 (1:100; Cell signaling), p-S6RP-
S235/236 (1:200; Cell Signaling) in 1% BSA at 4°C for 16 h. For detection of Ki67, the
sections were blocked in the M.O.M. ™ mouse Ig blocking reagent for 60 min and
incubated with anti-Ki-67 antibody (1:100; Vector Laboratories) in the M.O.M.™ diluent at
25°C for 1 h. The slides were washed with PBS, and incubated with HRP-labeled second
antibody and visualized with the DakoCytomation EnVision System. Staining for PCNA,
CD31, and human ANG in the xenograft PC-3 tumor tissues were carried as described (33,
39).
In situ hybridization

ISH for 47S rRNA was carried out as described. (40). The templates for the sense
riboprobes was prepared by PCR from mouse genomic DNA with sense primer containing
a T7 promoter (5’- GGGTAATAGGACTCACTATAGGGCGA). The primers for the
initiation site of the 47S rRNA precursor were: forward, 5’-
GCCTGTCACTTTCCTCCCTG,; reverse, 5’-GCCGAAATAAGGTGGCCCTC; PCR
conditions were: 5 min at 94 °C; 35 cycles (94 °C for 1 min, 60 °C for 1 min, and 72 °C for
1 min) and at 72 °C for 7 min. Digoxigenin-labeled probes were generated by in vitro
transcription from the above PCR templates using Digoxigenin RNA labeling Kit (Roche
Diagnostics). Formalin-fixed, paraffin-embedded tissue sections were deparaffined with
xylene and rehydrated with ethanol. After proteinase K treatment (1.5 pg/ml for 1o min at
RT) and acetylation reaction (0.25% acetic anhydride in 0.1 mM Triethanolamine at RT for
20 min), the sections were washed with 4 x SSC, prehybridized at 45 °C for 1 hiin 5 x SSC
containing 50% formamide, 0.5 mg/ml heparin, and 0.1 mg/ml salmon sperm DNA.
Hybridization was carried out in the same buffer as prehybridization but containing 800
ng/ml digoxigenin labeled probe at 45 °C for 16 h. After successive washing in 4 x SSC (1
min at RT), 50% formamide in 2 x SSC/ (1 h at 45 °C), 0.1 x SSC (2 h at 45 °C), TTBS(5
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min at RT), the hybridization signal was visualized using an alkaline phosphatase-

conjugated anti-digoxigenin antibody (Roche Applied Science) with nitroblue

tetrazolium/5-bromo-4-chloro-3-indolyl phosphate as the substrate.
TUNEL assay

Paraformaldehyde-fixed tissue sections were deparaffinized in xylene, rehydrated in

ethanol and incubated with proteinase K (0.02mg/ml) for 20 min at RT. TUNEL staining

was carried out using the Fluorescein-FragEL DNA Fragmentation Detection kit

(Calbiochem) per the manufacturer’s instructions. TUNEL-positive luminal epithelial cells

were counted in all ducts of the ventral prostate.
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Example 3: Optimization of the therapeutic activity of neamine in treatment of

prostate cancer

The initial treatment of prostate cancer is usually a prostatectomy or radiation to
remove or destroy the cancer cells that are still confined within the prostate capsule.
However, many patients are not cured by this therapy and their cancer recurs. Recurrent
prostate tumor growth is initially androgen dependent. Therefore, the mainstay of therapy
for progressive prostate cancer is androgen ablation, which causes regression of androgen-
dependent tumors. Unfortunately, many patients eventually become resistant to this therapy
and die of recurrent androgen-independent prostate cancer. In the United States, 28,660
men are expected to die from this disease in 2008 (1). An obstacle for prostate cancer
treatment is the development of androgen-independent prostate cancer. Various pathways
have been proposed to be involved in the development of androgen-independent prostate
cancer (2). These include 1) hypersensitive androgen receptor (AR), 2) promiscuous AR, 3)
outlaw AR, and 4) bypass AR (Fig. 13).

Hypersensitive AR

The first mechanism for the development of androgen-independent prostate cancer
is an increased sensitivity of AR to very low levels of androgens. This can be achieved by
1) AR amplification, 2) increased AR sensitivity, and 3) increased local androgen levels.
Approximately 30% of tumors that become androgen-independent after hormone ablation
therapy have an amplified AR gene, resulting in increased AR expression, whereas none of
the primary tumors from the same patients before androgen ablation had an AR gene
amplification (3). The second hypersensitive pathway results from increased stability and
enhanced nuclear localization of AR, which results in four orders of magnitude greater
sensitivity of AR to androgen (4). The third hypersensitive mechanism is by an increase in
the local production of androgens to compensate for the overall decline in circulating
testosterone. This is achieved by increased activity of Sa-reductase that converts

testosterone to dihydrotestosterone (DHT), the more potent form of androgen with 5-fold
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higher affinity for AR. It has been reported that after androgen ablation therapy, serum
testosterone levels decrease by 95%, but the concentration of DHT in the prostate tissue is
reduced by only 60% (5).

Promiscuous AR

Promiscuous AR results from point mutations, which decrease the specificity of
ligand binding and allows inappropriate activation by various non-androgen steroids and
androgen antagonists (6). Somatic mutations of AR have been reported from a subset of
hormone naive prostate cancers and more frequently from androgen-independent tumors
(7). In cells with gain-of-function AR mutations, the androgen signal is maintained by
broadening the number of ligands that can bind to and activate the receptor. Normally, AR
is specifically activated by testosterone and DHT, but mutations in the ligand-binding
domain widen this stringent specificity. As a result, malignant cells can continue to
proliferate and avoid apoptosis by using other circulating steroid hormones as substitutes
when the androgen level is low. The T877A mutation, which is found in 25% (8) to 31%
(9) of metastatic prostate cancers, enables progestins and estrogens to bind and act as
agonists (10). Moreover, this mutation changes the AR response to anti-androgen flutamide
from an antagonist to an agonist. The L701H mutation enhances the binding of AR to other
adrenal corticosteroids, particularly the glucocorticoids cortisol and cortisone. The T877A
and L701H double mutation has a synergistic effect by increasing the affinity of AR for
glucocorticoids by 300% more than the L701H mutation alone (11). Apart from AR
mutation, co-regulator alterations can be another mechanism by which prostate cancer
progresses to androgen independence (12).

Outlaw AR

AR can become an “outlaw” receptor that is activated by stimuli other than
exogenous steroid ligands. Certain growth factors such as insulin-like growth factor (IGF)
and epidermal growth factor (EGF) can activate AR to induce AR target genes in the
absence of androgen (13). For example, IGF induces a 5-fold increase in prostate-specific
antigen (PSA) secretion in LNCaP cells (13). However, the AR antagonist casodex
completely blocks activation of the AR by IGF and EGF, indicating that the AR ligand-
binding domain is necessary. This demonstrates a pathway of ligand-independent but
receptor-dependent mechanism of AR-regulated genes. AR-dependent gene expression in
prostate cancer cells has been observed following activation of various signaling pathways

such as protein kinase A (14, 15), mitogen-activated protein kinase (MAPK) (16, 17), and
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PI-3K/Akt (18, 19). In these situations, the AR remains functional under androgen-depleted
conditions.

Bypass AR. Another pathway to androgen independence is to bypass AR
completely so that AR becomes dispensable. This hypothesis is supported by the finding
that in recurrent prostate cancer patients, AR positive and AR negative cancer cells coexist
(20). An effective bypass of the androgen signaling cascade would facilitate proliferation
and inhibit apoptosis in the absence of androgens and AR. The BCL?2 gene is one of the
bypass candidates that can block apoptosis. Normally BCL2 is not expressed in the
secretory epithelial cells of the prostate (21), but is frequently expressed in PIN, as well as
in androgen-independent prostate cancer (22). Blocking BCL2 with an antisense
oligonucleotide delayed the emergence of androgen-independent prostate cancer in an
LNCaP xenografic model (23). Upregulation of BCL2 bypasses the signal for apoptosis that
is normally generated by androgen ablation. This is supported by reports that many cases of
androgen-independent prostate cancer over-express BCL2 (22, 24). Peptide growth factors
have also been proposed as potential mediators for prostate cancer cells to bypass AR (25).
Heparin-binding epidermal growth factor-like growth factor (HB-EGF) has been shown to
alter the dependence of LNCaP on the androgen-AR axis for survival and proliferation. HB-
EGF promotes a more aggressive phenotype in vivo and exerts effects that bypass both
androgen- and AR-dependent signaling (26).

Angiogenin is significantly up-regulated in prostate cancer, especially in hormone
refractory cancer, promotes androgen-independent growth of otherwise androgen-
dependent LNCaP cells. Further, down-regulation of ANG expression in androgen-
independent PC-3 cells inhibits proliferation and tumorigenesis (27). ANG has been shown
to undergo nuclear translocation in cancer cells where it stimulates ribosomal RNA (rRNA)
transcription (28), a rate-limiting step in ribosome biogenesis and therefore in cell
proliferation. Because androgens are known to regulate rRNA transcription during
androgen-dependent cell growth (29, 30) and because androgen-stimulated rRNA
transcription is one of the mechanisms by which androgens affect prostatic cell growth (31),
over-expression of ANG renders prostate cancer cells independent of the androgen-AR
signaling axis.

Fig. 13 is a schematic illustration showing the role of ANG in promoting androgen

independence through the Outlaw AR and Bypass AR pathways.
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ANG has a dual function in prostate cancer by stimulating both cell proliferation
and angiogenesis, and that blocking nuclear translocation of ANG has a combined benefit
of anti-angiogenesis and chemotherapy in treating prostate cancer (27). ANG undergoes
nuclear translocation in PC-3 cells grown both ir vitro and in mice. Knocking-down ANG
expression in PC-3 cells inhibits rRNA transcription, irn vitro cell proliferation, colony
formation in soft agar, and xenograft growth in athymic mice. Blockade of nuclear
translocation of ANG by neomycin inhibited PC-3 cell tumor growth in athymic mice,
accompanied with a decrease in both cancer cell proliferation and angiogenesis.

Up-regulation of ANG has been shown in human prostate cancer (27, 36-38, 5%).
ANG expression levels were measured in normal human prostate epithelial cells (RWPE-1
and PrEC), in androgen-dependent LNCaP and in androgen-independent PC-3, PC-3M, and
DU-145 prostate cancer cells by ELISA analyses.

All four prostate cancer cells secreted significantly higher ANG than do RWPE-1
and PrEC cells . Moreover, androgen-independent PC-3, PC-3M and DU145 cells secreted
more ANG than do androgen-dependent LNCaP cells (p<0.01). These results indicate that
ANG expression is higher in prostate cancer cells than in normal prostate epithelial cells.
They also indicate that among prostate cancer cells, ANG expression is higher in androgen-
independent cells than in androgen-dependent cells. Therefore, ANG expression is
correlated with prostate cancer progression.

Mouse Ang is the highest upregulated gene in the PIN lesion of MPAKT mice (37).
Its up-regulation has been shown to be an early and lasting event in MPAKT mice
(Example 2, Fig. 6), implicating a role of Ang both in initial cell proliferation and in cell
survival in AKT-induced PIN. Nuclear staining of Ang is prominent in the luminal
epithelial cells of the ventral prostate from MPAKT mice of all ages.

Nuclear translocation of ANG was examined in normal prostate epithelial cells and
in androgen-dependent and androgen-independent prostate cancer cells in the presence or
absence of androgen. No nuclear ANG was detectable by immunofluorescence with an
human ANG-specific monoclonal antibody (mAb) 26-2F in RWPE-1 cells either in the
absence or presence of DHT (Fig. 14a,b). 26-2F is known to be specific for human ANG.
X-ray structural analysis of ANG-antibody complex has shown that 26-2F interacts with
two segments consisting of residues 34-41, and 85-91, respectively (59). These two regions
are distant in the primary but close in the 3-dimentional structures and form an epitope that

is specific for human angiogenin. Thus, 26-2F does not recognize any other human
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proteins, or angiogenin from other species. LNCaP cells express a promiscuous gain-of-
function mutant AR (60) and are able to respond to the physiological level of androgens.
Nuclear ANG was detected in the nucleus of LNCaP cells only when the cells were
stimulated with DHT (Fig. 15¢,d, indicated by arrows). PC-3, PC-3M, and DU145 cells are
deficient in AR and grow in the absence of androgens (61). ANG is constitutively
translocated to the nucleoli of these cells both in the absence and in the presence of DHT
(Fig. 14e-j, indicated by arrows). Western blotting analysis with an anti-human ANG pAb
R113 (Fig. 14k,l) showed that in PC-3, PC-3M and DU145 cells, comparable amounts of
ANG protein were detected when equal amounts of nuclear protein, extracted from cells
cultured in the absence (Fig. 14k) or presence (Fig. 141) of androgen, were applied.
However, in LNCaP cells, ANG was detectable only in the nuclear protein extracted from
DHT-stimulated cells (Fig. 141). No ANG protein was detected by Western blotting in the
nuclear protein extracted from RWPE-1 cells cultured under both conditions. Thus, nuclear
translocation of ANG is specific for prostate cancer cells and does not occur in normal
prostate epithelial cells. It is constitutive in androgen-independent prostate cancer cells but
occurs in androgen-dependent prostate cancer cells only when cells are under stimulation
with androgen. First ANG mediates DHT-stimulated rRNA transcription in androgen-
dependent prostate cancer cells. Second, ANG substitutes androgen-AR axis in regulating
rRNA transcription in androgen-independent prostate cancer cells. Third, blockade of
nuclear translocation of ANG has distinct side effects to normal prostate cells, since as it is
specific to cancer cells.

Because nuclear translocation of ANG in LNCaP cells is stimulated by DHT, the
effect of ANG on LNCaP cell proliferation was examined. Normally, LNCaP cells will
survive but will not proliferate when cultured in phenol red-free and steroid-free medium
(Fig. 15a). DHT stimulates LNCaP cell proliferation as shown in Fig. 15a. ANG stimulates
LNCaP cell proliferation, indicating that ANG compensates for androgen-deprivation. No
additive or synergistic effect was observed when ANG and DHT are added simultaneously,
indicating that ANG shares the same mechanism of DHT in stimulating LNCaP cell
proliferation. Fig.15b shows that ANG stimulates LNCaP cell proliferation in a dose-
dependent manner.

To study how endogenous ANG in LNCaP cells is involved in AR-mediated cell
proliferation, the effect of 26-2F (anti-ANG mAb) on DHT-induced LNCaP proliferation
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was tested. Fig. 15¢ shows that 26-2F inhibits DHT-induced LNCaP cell proliferation in a
dose-dependent manner. A subtype matched non-immune control mouse IgG had no effect.

The effect of ANG over-expression on LNCaP cell proliferation in the absence of
androgens was examined. The ANG expression vector pCI-ANG that carries the human
ANG cDNA under the CMV promoter and a control vector (pCI-Neo) were transfected into
LNCaP cells and stable transfectants were selected by G418. ELISA analysis shows that
pCI-ANG and pCI-Neo transfectants secrete 4.7 + 1.5 and 0.71 + 0.23 pg ANG per 10°
cells per day, respectively, representing a 6.6-fold increase in ANG expression level in
ANG transfectants. ANG over-expression stimulated LNCaP proliferation irn vitro in the
absence of androgen (Fig. 15d). To determine how ANG over-expression promotes
androgen-independent proliferation in vivo, these transfectants were inoculated into
castrated SCID mice. Both the vector and ANG transfectants established tumors in
uncastrated mice. However, only 1 of the 8 mice had palpable tumors in castrated mice
inoculated with vector transfectants, whereas 7 of the 8 castrated mice developed tumors
when inoculated with ANG transfectants (Fig. 15¢). These results indicate that ANG over-
expression enables LNCaP cells to proliferate in the absence of androgen both ir vitro and
in vivo, showing that ANG is a causative factor for the transition of prostate cancer to
androgen independence. This is in agreement with the findings that ANG is progressively
upregulated during prostate cancer progression to androgen independence (37).

Consistently, it was found that rRNA transcription in LNCaP cells is stimulated by
exogenous ANG and is inhibited by anti-ANG mAb 26-2F, as shown by Northern blotting
analysis (Fig. 15f). Moreover, 26-2F inhibited DHT-induced rRNA transcription. These
results, together with the finding that ANG is constitutively in the nucleus of androgen-
independent cells (Fig. 14), show that upregulation and constitutive nuclear translocation of
ANG results in a constant supply of rRNA, which contributes to the development of
androgen independency. Further, DHT-stimulated rRNA transcription as well as
proliferation of LNCaP cells is inhibited by anti-ANG IgG.

In contrast to androgen-dependent LNCaP cells, exogenously added ANG has no
effect on proliferation of androgen-independent PC-3, PC-3M, and DU-145 cells, because
the nuclei of these cells already have adequate amount of endogenous ANG, as shown in
Fig. 14. Knocking-down ANG expression inhibits PC-3 cell proliferation in vitro and in
vivo (27), accompanied by a decrease in rRNA transcription, ribosome biogenesis, cell

proliferation, and angiogenesis. The effect of knocking-down Ang on PIN formation has
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been examined as described in Example 2 (Fig. 8). These results show that knocking-down
Ang-1 suppresses rRNA transcription thereby inhibiting cell growth and proliferation and
preventing PIN formation.

In vitro study has identified three ANG binding DNA elements (ABE) in the
promoter region of ribosomal DNA (rDNA) (40). ABE has been shown to have ANG-
dependent promoter activity in a luciferase reporter assay (40). Iz vivo binding of ANG to
the promoter region of rDNA was studied by chromatin immunoprecipitation (ChlP). Fig.
16a show that ANG binds to ABE1, ABE2, and to the upstream control element (UCE)
where the essential transcription factor UCE binding factor (UBF) binds. Fig. 16bis a
schematic illustration of ANG binding to the promoter region of rDNA. Consistently, rRNA
transcription in LNCaP cells was stimulated by exogenous ANG and inhibited by anti-ANG
mAD 26-2F (Fig. 15f).

Neomycin, a phospholipase C (PLC) inhibitor, blocks nuclear translocation of ANG
(65). Genistein (tyrosine kinase inhibitor), oxophenylarsine (phosphotyrosine phosphatase
inhibitor), and staurosporine (protein kinase C inhibitor) were also tested and found to have
no detectable effect on nuclear translocation of ANG. Neomycin is an aminoglycoside
antibiotic that has been also reported as a PLC inhibitor. However, the PLC-inhibitory
activity may not be involved in blocking nuclear translocation of ANG because another
inhibitor of PLC, U-73122 and its inactive analog U-73343 (66, 67), only marginally block
nuclear translocation of ANG.

Neamine is a potent inhibitor of ANG

Although neomycin is approved by FDA as an antibiotic, it is also known to be
nephro- and oto-toxic (68), which preclude its prolonged use as an anti-cancer agent.
Neamine (69) is a nontoxic degradation product of neomycin that effectively inhibits
nuclear translocation of ANG (70). Neamine inhibits angiogenesis induced both by ANG
and by bFGF and VEGF (41) and it inhibits xenograft growth of HT-29 human colon
adenocarcinoma and MDA-MB-435 human breast cancer cells in athymic mice (70). Since
the toxicity profile of neamine is close to that of streptomycin and kanamycin, which is at
least ~20-fold less toxic than neomycin (71, 72), neamine is useful as a prostate cancer
therapeutic agent. Neamines capacity to prevent the establishment and to inhibit the growth
of PC-3 human prostate cancer cells in mice is shown herein, as well as its capacity to
prevent and to reverse AKT-induced PIN in MPAKT mice. Fig. 20 shows the structure of

neomycin and neamine. Paromomycin differs from neomycin only at the C-6 position of the
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D-glucopyranosyl ring (-OH instead of -NH;) but does not detectably block nuclear
translocation of ANG. As shown above in Examples 1 and 2, neomycin and neamine were
found to block nuclear translocation of Ang thereby inhibiting rRNA transcription and
inducing cell apoptosis, leading to a phenotypic reversal of established PIN, in spite of
continuous AKT transgene expression and phosphorylation.

Neamine is a degradation product of neomycin although there is some evidence that
it is also produced in small amounts by Streptomyces fradiae (74). Cell and organ culture
experiments have shown that the nephro- and oto-toxicity of neamine is ~5 and 6%,
respectively, of that of neomycin (71, 72). Thus, the toxicity of neamine is similar to that of
streptomycin, an antibiotic that is currently in clinical use. Neamine is also less
neuromuscularly toxic than neomycin. The acute LDs, (subcutaneous) in mice for neamine,
neomycin, and streptomycin is 1,250, 220, and 600 mg/kg, respectively (68). The
recommended dosage for intramuscular injection of streptomycin in humans is 25-30 mg/kg
twice weekly (75). Since neamine appears to be less toxic than streptomycin, the doses used
in these studies (30 mg/kg s.c., and 10 mg/kg i.p.) were well tolerated. Indeed, acute or
chronic adverse side effects were not observed in these mice.

Neamine is effective in inhibiting prostate cancer growth in both the xenograft and
spontancous mouse tumer models. With the xenograft animal model, neamine prevented the
establishment of PC-3 cell tumors in 50% of the animals with an overall inhibition of
72.5% in the growth rate (Fig. 1). Histology and IHC evaluation demonstrated that neamine
inhibited both angiogenesis and cancer cell proliferation (Fig. 2C and 2D). Neamine
treatment blocked nuclear translocation of ANG and suppressed rRNA transcription in
cancer cells (Fig. 2A and 2B). Neamine is effective in preventing AKT-induced PIN in
MPAKT mice (Fig. 3-5), demonstrating its utility as an anti-prostate cancer agent. AKT
kinase activity is frequently elevated in prostate cancers (53). Activated AKT promotes
both cell growth and survival.

Example 3A. Optimization of the therapeutic activity of neamine
Routes of neamine administration

Daily i.p. injection of neamine at 10 mg/kg body weight reverses established PIN in
MPAKT mice. The efficacy of neamine delivered by intravenous (i.v.), subcutaneous (s.c.),
and intramuscular (i.m.) injections is compared and the best route(s) of administration are
determined. In these experiments, biodistribution of neamine in the blood stream, in the

prostate, kidney and liver tissues is measured by HPLC.
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Neamine dose response

After the best route of administration is determined, a dose-dependency curve is
established. The 10 mg/kg body weight is generally used as the reference point. The
efficacy of daily injection of 0.625, 1.25, 2.5, 5, 10, 20, 40, 80, and 160 mg/kg body weight
neamine is determined. If 0.625 mg/kg is still effective, the dose is lowered until the
minimum effective dose is determined. Similarly, the maximum effective dose is
determined. The toxicity of neamine is measured when it is given at a dose higher than 10
mg/kg body weight so that the maximum tolerated dose is determined.
Frequency of neamine administration

The optimal interval(s) of drug administration are determined. For this purpose,
neamine is injected at a given dose (the minimum effective dose determined above by daily
injection) for example, 3 times a day, 2 times a day, once every other day, every 3 days, and
weekly. The efficacy is compared with that of daily injection. This experiment is repeated
at the maximum effective dose to determine whether a higher dose will allow for a longer
interval of drug administration.
Minimum duration of neamine administration

In certain experiments described herein, neamine was administered daily for 4
weeks. It is useful to determine the minimum duration of continuous administration
required to induce PIN reversal. Neamine, at the minimum effective dose, is administered
through the best route of administration, at the frequency determined above, for ¢.g., less
than a week, or 1, 2, and 3 ore more weeks. The animals are sacrificed 4 weeks after the
treatment started and the results are compared with that obtained with 4 week continuous
administration. In these experiments, animals are sacrificed weekly after treatment is
terminated so that PIN relapse is examined. If PIN relapses, treatment with neamine is
resumed and potential drug resistance is examined.
Materials and Methods

The methods described herein use histological evaluation of the PIN phenotype and
pathological examinations of the PIN tissues by IHC and ISH, as now described and known
to those skilled in the art.
Choice of animal models

Neamine has been shown to be effective in at least two animal models. It is effective
in preventing xenograft growth of PC-3 cell tumors in athymic mice. It is also effective in

both preventing and reversing AKT-induced PIN in MPAKT mice. MPAKT mice are
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uscful for the following reasons. First, it is a spontancous animal model in which PIN arises
in the prostate. Second, neamine has been shown to not only prevent PIN development but
also shrink established PIN. It is therefore more clinically relevant. Third, Ang is highly
upregulated in the PIN tissue of these mice, which provides the basis of inhibition. While
PIN does not spontancously develop into invasive adenocarcinoma in these mice, this is not
a serious concern because neamine has therapeutic activity by blocking nuclear
translocation of ANG. Therefore, the optimal dosing regimen defined with the use of
MPAKT mice reflects the conditions for neamine to inhibit ANG-mediated prostate cancer
progression.
Preparation of neamine

Neamine prepared from neomycin by methanolysis (69). Neomycin is commercially
available from Sigma (cat. #N1876). Pure neamine (>99%) has been obtained by this
method as determined by HPLC analysis. Briefly, 5 g of neomycin sulfate is dissolved in
600 ml of methanol and 19 ml of concentrated HCI. The mixture is refluxed for 4 h and
cooled in an ice bath. Anhydrous ether, 200 ml, is added to precipitate neamine. The
precipitate is collected on a sintered glass filter (fine pore size), washed two times with 10
ml of ether and dried under vacuum over P,0s. Typically, 2.2 g of neamine is obtained
from 5 g of neomycin. The purity of neamine is first examined by thin layer
chromatography on silica gel with a developing solvent containing 50% r-butanol, 25%
acetic acid and 25% H,O (74), and further quantified by HPLC analysis.
HPLC analysis of neamine

The concentrations of neamine in tissue samples and in blood stream are determined
by the HPLC method established for polyamine analysis (76) using ion pairing with sodium
octane sulfonate (77). In these experiments, synthesized neamine of known concentration is
used as the standards. A known amount of neamine is used to spike the tissue and blood
samples to ensure the accuracy of the analysis from biological samples.
Immunohistochemistry

The entire genitourinary (GU) tract is removed and fixed with 4%
paraformaldehyde and embedded in paraffin. Tissue sections are hydrated, incubated for 30
min with 3% H,0, in methanol at RT, washed with Milli-Q H,O and PBS, and heated in a
microwave to 95°C in 10 mM citrate buffer, pH 6.0, for 10 min (for ANG, p-S6RP and Ki-
67) orin 1 mM EDTA, pH 8.0, for 15 min (for p-AKT). Sections are blocked in 5% dry
milk (for mouse Ang), or in 10% FBS (for p-AKT, and p-S6RP) for 30 min and incubated
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with antibodies against mouse Ang (10 ug/ml, R163), p-Akt-S473 (1:100; Cell signaling),
p-S6RP-S235/236 (1:200; Cell Signaling) in 1% BSA at 4°C for 16 h. For detection of Ki-
67, the sections are blocked in the M.O.M. ™ mouse Ig blocking reagent for 60 min and
incubated with anti-Ki-67 antibody (1:100; Vector Laboratories) in the M.O.M.™ diluent at
25°C for 1 h. The slides are washed with PBS, and incubated with HRP-labeled second
antibody and visualized with the DakoCytomation EnVision System. These conditions have
generated satisfactory IHC results (Fig. 14, 17, 18, 23, 24).
In situ hybridization

ISH for 47S rRNA is carried out as described by Qian et al. (78). The templates for
the sense riboprobes are prepared by PCR from mouse genomic DNA with sense primer
containing a T7 promoter (5’- GGGTAATAGGACTCACTATAGGGCGA). The primers
for the initiation site of the 47S rRNA precursor are: forward, 5°-
GCCTGTCACTTTCCTCCCTG,; reverse, 5’-GCCGAAATAAGGTGGCCCTC; PCR
conditions are: 5 min at 94 °C; 35 cycles (94 °C for 1 min, 60 °C for 1 min, and 72 °C for 1
min) and at 72 °C for 7 min. Digoxigenin-labeled probes are generated by in vitro
transcription from the above PCR templates using Digoxigenin RNA labeling Kit (Roche
Diagnostics). Formalin-fixed, paraffin-embedded tissue sections are deparaffined with
xylene and rehydrated with ethanol. After proteinase K treatment (1.5 pg/ml for 10 min at
RT) and acetylation reaction (0.25% acetic anhydride in 0.1 mM Triethanolamine at RT for
20 min), the sections are washed with 4 x SSC, prehybridized at 45 °C for 1 hin 5 x SSC
containing 50% formamide, 0.5 mg/ml heparin, and 0.1 mg/ml salmon sperm DNA.
Hybridization is carried out in the same buffer as prehybridization but containing 800 ng/ml
digoxigenin labeled probe at 45 °C for 16 h. After successive washing in 4 x SSC (1 min at
RT), 50% formamide in 2 x SSC/ (1 h at 45 °C), 0.1 x SSC (2 h at 45 °C), TTBS(5 min at
RT), the hybridization signal is visualized using an alkaline phosphatase-conjugated anti-
digoxigenin antibody (Roche Applied Science) with nitroblue tetrazolium/5-bromo-4-
chloro-3-indolyl phosphate as the substrate. These conditions have been used in the studies
to obtain specific signals for 47S rRNA precursor (Fig. 17, 23, 24)
Apoptosis assay

The apoptotic index is determined by a TUNEL assay. Paraformaldehyde-fixed
tissue sections are deparaffinized in xylene, rehydrated in ethanol and incubated with

proteinase K (0.02mg/ml) for 20 min at RT. TUNEL staining is carried out using the
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Fluorescein-FragEL DNA Fragmentation Detection kit (Calbiochem) per the
manufacturer’s instructions. TUNEL-positive luminal epithelial cells are counted in all
ducts of the ventral prostate.

Statistical analysis

Power and sample size calculation. In studies described herein, daily i.p. treatment
of neamine decreased the percentage of glands having PIN from 95 to 33% (Fig. 24).
Because PIN percentage is the most important criterion, these data were used to calculate
the Power and Sample size in the experiments described herein. The mode of an
“Uncorrected Chi-square Test” was used for “independent and two proportions design” for
power calculation using the Power and Sample Size Program with the following
parameters: o = 0.05, Power = 0.95, po = 0.95, p1 = 0.33, m = 1. The number of mice
needed is 12 to obtain the probability of 0.95 of correctly rejecting the null hypothesis with
a Type I error probability of 0.05 (Fig. 25).

Data analyses. Different types of data are collected from the experiments described
herein. Therefore different statistical methods are used for appropriate analysis (79, 80).

1. An important set of the data is the percentage of the ventral prostate glands that
have PIN. The number of total glands and that with PIN phenotype are counted and the
percentage is calculated in each individual mouse. The mean and standard deviation are
calculated for each group. Therefore, these results belong to the type of “Quantitative,
Continuous Non-normal” data. Accordingly, the “Mann-Whitney U/Wilcoxon Rank Sum
Test” (81) is used to compare the results between 2 groups. A “Kruskal-Wallis Test” (82) is
used to compare the results of the experiments involving more than 2 groups.

2. The other sets of data where “Wilcoxon Rank Sum Test” and “Kruskal-Wallis
Test” are used are those of apoptotic index (TUNEL staining), proliferation index (Ki-67
staining), and angiogenesis index (CD31 staining). These data also belong to the
“Continuous Non-normal Quantitative” type.

3. The weight and size of the ventral prostate are “Continuous Normal Quantitative”
data and are analyzed by Independent Samples t-test (83) for 2 groups and by “Analysis of
Variance (ANOVA) (84, 85)” when more than two groups are compared.

4. The continuous injection time required for PIN to reverse and the time it takes for
PIN to relapse are the measurement of “time-to-response”. It is similar to the survival

analysis and is analyzed by the “Mantel-Cox Test (86)” of equality of survivor functions.
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5. The severity of PIN is obtained by assigning scores of 3, 2, and 1 for severe,
moderate, and light phenotype to each gland that has PIN. These are “Categorical, Ordinal”
data and are analyzed by “Fisher’s exact test for small samples (Z test) (79)” when 2 groups
are compared, or by “Chi square test (87)” when more than 2 groups are compared.

6. For studies that determine the best route of administration (Specific Aim 1),
multiple paired groups are used. In each particular route of administration, the effect of PBS
and neamine is compared first to determine the efficacy of the treatment. These individual
paired experiments belong to the “Parallel groups, independent data” design and the
statistical method of “Mann-Whitney U/Wilcoxon Rank Sum Test” is used. The efficacy of
cach route of administration is compared to obtain the most effective route. For this
purpose, “Repeated Measures Analysis of Variance (Repeated ANOVA) (84, 85)” is used
because this belongs to “Paired group, dependent data” design.

Example 3B: Determination of neamine routes of administration

Our studies show that daily i.p injection of neamine at 10 mg/kg body weight for 4
weeks resulted in PIN regression in all 12 mice from an average of 95.2 = 3.2% of the
glands having PIN to 33.4 £ 5.2% (Fig. 24), representing a 64.9% inhibition. Neamine is
administered through i.m., s.c, and/or i.v. injection at 10 mg/kg daily for 4 weeks. PBS is
used as control and injected via the same route as neamine. PIN has been fully established
at week 12 (37, 54). Therefore, 12-week-old mice are used in these experiments. To obtain
reliable statistic data with a power of 0.95 and type I error of 0.05, 12 mice in each group
are used.

In a set of experiments, injection periods last for 4 weeks and the animals are
sacrificed at week 16. The entire GU tract is removed, weighed, fixed in formalin and
embedded in paraffin. H & E staining is done in thin sections (5 um) and the glandular
structures are examined under microscope for PIN phenotype. The numbers of total glands
in the ventral prostate and that having PIN are counted and the percentage of the glands
having PIN is calculated. PIN in MPAKT mice is characterized by glandular cell
expansion, intraepithelial lumen formation, disorganized multi-cell layers, and nuclear
atypia.

Effect of neamine on nuclear translocation of Ang is examined by IHC with an anti-
Ang pAb R163 as shown in Fig. 24. Moreover, the phosphorylation status of AKT and its
down-stream target SO6P is examined by IHC with commercially available antibodies (Fig.

24). rRNA transcription is shown by ISH. These IHC and ISH examinations are not fully
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quantitative and thus serve as a confirmation of the effect of neamine. TUNEL staining is
done and the apoptotic index is calculated, and the data serve as quantitative measurements
of PIN regression. Ki-67 staining is done and Ki-67 positive cells are used as another index
of cell proliferation.

One or more routes of administration that are effective in reversing PIN phenotype
of MPAKT mice are determined. The percentage of the glands having PIN and the
apoptotic index serve as two quantitative measurements for the effectiveness of the
treatment. The severity of PIN tissues, judged by the degree of disorganization of the
epithelial layers and nuclear atypia, is used as supplemental criteria. Interluminal
angiogenesis (angiogenesis index) is measured by counting CD-31 stained vessels and used
as another reference for the severity of PIN phenotype. Among the criteria described herein,
the percentage of glands with PIN carries the most weight, followed by the apoptotic index.
When the changes in PIN percentage and in apoptotic index among the 4 routes of
administrations are not statistically significant, results of Ki-67 and CD-31 staining are used
as indications of the effectiveness of treatment. If quantitative and semi-quantitative
measurements do not reveal any difference, the degree of disorganization of epithelial cell
layers and nuclear atypia are quantified by assigning scores of 3, 2, and 1 for sever,
moderate, and light phenotype, respectively, to each gland that has PIN.

Daily i.v. injection through the tail vein is difficult for 4 week-old animals.
Restraining tubes are used to facilitate i.v. injection. If dose-response experiments show
that continuous drug delivery through an osmotic minipump is more effective than other
routes of administration, the i.v. route is used to determine the effectiveness of continuous
1.v. administration of neamine.

Example 3C: Establishment of neamine dose response

After routes of administration are examined, a dose dependence curve of neamine in
reversing PIN phenotype in MPAKT mice is established. To obtain the minimum effective
dose, neamine is administered downward from the 10 mg/kg body weight that has been
shown to induce at least 65% (decrease from 95% to 33%) PIN reversal (Fig. 24). Neamine
at the dose of 5, 2.5, 1.25, and 0.625 mg/kg body weight, respectively, is administered
through the route described herein for a 4 week period. The efficacy is determined as
described herein by the percentage of glands having PIN, supplemented by a set of criteria
including apoptotic, proliferative, and angiogenesis index, as well as the degree of PIN

severity. Again, PIN percentage is the single most important measurement for the
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effectiveness. The results are compared with that obtained at the dose of 10 mg/kg. If the
lowest dose above (0.625 mg/kg) is still effective in inducing the shrinkage of PIN, it is
further lowered until a minimum effective dose is determined.

In another set of studies, neamine is administered upward from the reference dose of
10 mg/kg body weight. The effectiveness of neamine at 20, 40, 80, and 160 mg/kg, is
determined. If a plateau has not been reached at the highest dose (160 mg/kg), the dose is
further increased until the maximum effective dose is determined. In these studies, possible
adverse effects are monitored, including the weight loss, changes in food and fluid intake
and in grooming behaviors. It is known that the acute LDs, for neamine in mice is 1,250
mg/kg (68), 7.8-fold higher than the highest scheduled dose (160 mg/kg). Acute toxicity of
neamine is not expected at the doses described herein. However, potential renal toxicity of
neamine at these doses is determined because the parent molecule, neomycin, is known to
be nephro-toxic. Blood samples are taken at 1, 2, 3, and 4 weeks of daily neamine injection
and the contents of blood urea nitrogen and serum creatinine are determined to evaluate
renal toxicity. If a statistically significant increase in blood urea nitrogen and serum
creatinine is observed, the kidneys are removed and the size and wet weight is recorded.
The kidneys are examined histologically for the number, size, and morphology of
glomeruli. If no renal toxicity is observed at 160 mg/kg, the dose is further increased until
the maximum tolerated dose is obtained.

Example 3D: Determination of the optimal frequency of neamine administration

After routes of administration and the minimum and maximum effective doses are
determined, the preferred frequency or frequencies of administration are determined. First,
the frequency of injection is decreased to determine if neamine is still effective in reversing
PIN if it is given once every other day, every 3 days, weekly, or less frequently. If the
longer interval of injection is ineffective at the minimum effective dose, the experiment is
repeated at the maximum effective dose in order to determine whether increased dose will
allow less frequent injections.

Further, the frequency of administration is increased to identify an increase in
efficacy. Neamine is administered twice and three times a day, at its minimum effective
dose. In another set of experiments, the dose is reduced accordingly when neamine is given
at the frequency more than once a day so that the daily dose is kept constant. If neamine

given by multiple small doses is more effective than the single bolus dose, the efficacy of
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constant delivery is tested through an osmotic minipump. In these experiments, the total
daily dose is kept the same.

This set of experiments is done in conjunction with the biodistribution and clearance
of neamine in the blood and in the prostate, liver and kidney. Blood and tissues samples are
taken at different time (0.5, 1, 2, 4, 8, and 16 h) after a single neamine injection and the
concentrations in the serum and in tissue homogenates are determined by HPLC analyses
(see section 6.1.3). The amount of neamine in the blood stream and in the tissues when it is
given through osmotic pump will also be determined at the same time interval. In these
experiments, 4 mice are used in each data point. When osmotic minipump is used to deliver
neamine, the serum and tissue concentrations are determined at the same time points
described above after the delivery is initiated. Since neamine is given at a constant level,
there is no expected difference in serum concentration of neamine at different time points.
However, the tissue concentrations may be different at different time points due to possible
selective enrichment of neamine in different tissues.

If constant delivery using an osmotic pump has a better efficacy then the bolus
injection at the minimum effective dose, whether a greater efficacy can be reached if the
maximum effective dose is delivered through the osmotic pump is tested.

Example 3E: Determination of the minimum duration of neamine administration

The minimum duration of continuous administration required for neamine to reverse
PIN in MPAKT mice is determined. Neamine, at both minimum and maximum effective
doses is injected via the route determined herein, at the frequency determined herein, for a
period of 1, 2, 3, and 4 weeks. In the first set of experiments, animals are sacrificed 4 weeks
after treatment is initiated (at week 16), and the ventral prostate is examined for PIN
reversal as described herein.

If a short duration of neamine administration is ineffective when animals are
examined 4 weeks after the treatment is started, the animals are immediately sacrifices after
the treatment stops and also at different post-treatment time points (such as 1 and 2 weeks
after treatment stops) to see whether PIN regress during the treatment but regain the growth
during the post-treatment time.

If a shorter duration of drug administration is equally effective as with the full 4
week injection, the animal is examined for a longer period after the treatment is terminated
to determine whether PIN growth relapses. Four mice each are sacrificed at week 16, 18,

20, 22, and 24. PIN are examined histologically and pathologically as described herein.
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Untreated control mice develop bladder obstruction due to overgrowth of PIN (37). These
mice will have to be sacrificed and may not be available for comparison with the
experimental group with the untreated control group at these later time points. However,
relapse is examined by comparing the PIN phenotype at different time points in the same
experimental group. If PIN relapses after neamine delivery is stopped, the treatment is
resumed at the time point when PIN has been re-established. The established dosing
regimen is used for the retreatment.

If the relapsed PIN is reversed by neamine, this cycle is repeated to measure drug
resistance. In these experiments, Ang expression in the relapsed PIN is determined by IHC
and Western. AKT transgene expression and phosphorylation in the relapsed PIN are
examined. If resistance occurs, whether neamine fails to block nuclear translocation of Ang
is determined, optionally in combination with whether neamine blocks nuclear translocation
of Ang but nevertheless fails to inhibit PIN.
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Example 4: Role of angiogenin in prostate cancer progression

Results described in Examples 1 to 3 have established that ANG plays an important
role in the development and progression of prostate cancer. ANG has been found to
undergo nuclear translocation in LNCaP cells upon DHT stimulation. Moreover, anti-ANG
IgG abolishes DHT-induced LNCaP cell proliferation in a dose-dependent manner. These

results demonstrate that ANG is required for DHT to stimulate cell proliferation. Moreover,
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exogenous ANG compensates for the loss of androgen-AR signaling axis and ectopic
expression of ANG enables LNCaP cells to proliferate in the absence of androgen and to
establish tumors in castrated mice. These results show that ANG plays an essential role in
AR-dependent cell proliferation and that upregulation of ANG may contribute to the
development of androgen independence. Described herein is an in vivo examination of the
role of ANG in prostate cancer progression.

Example 4A: Characterization of the role of ANG in AR-mediated transcription

Results demonstrate that anti-ANG mADbD inhibits DHT-stimulated rRNA
transcription and LNCaP cell proliferation (Fig. 15¢ and 15f), and that overexpression of
ANG promotes androgen-independent growth of LNCaP cells (Fig. 15d and 15¢), showing
that ANG is involved in AR activity. Moreover, ANG stimulates androgen-independent
growth of otherwise androgen-dependent LNCaP cells in vitro and in vivo. Therefore, how
ANG affects AR activity and how AR is activated by ANG in the absence of androgen are
examined.

Materials and Methods

If ANG activates AR in the absence of androgens, one sees an increase in nuclear
accumulation of AR when cells are stimulated by ANG. Therefore, ANG-induced change in
nuclear translocation of AR was studied. Fig. 19 shows that in untreated LNCaP cells, AR
was diffusely distributed throughout the cytoplasm (Fig. 19A). Exogenous ANG stimulated
nuclear translocation of AR (indicated by arrows) in the absence of androgen (Fig. 19B),
supporting the hypothesis that AR can be activated by ANG. DHT-stimulated nuclear
translocation of AR is shown as a positive control (Fig. 19C). Moreover, DHT-stimulated
nuclear translocation of AR is inhibited by anti-ANG mAb (Fig. 19D), consistent with the
finding that anti-ANG mADb inhibits DHT-induced cell proliferation (Fig. 15¢) and rRNA
transcription (Fig. 15f), and supporting the hypothesis that endogenous ANG is necessary
for AR function.

To directly determine the effect of ANG on the transcription activity of AR, the
probasin luciferase construct (AAR2PBLuc) is used as a reporter in LNCaP cells. The
AAR2PBLuc is specific for prostate cells, AR-dependent, and gives high level of luciferase
expression (16, 20). This vector is transfected into LNCaP cells together with pRL-TK as
an internal control. Cells are cultured in phenol red-free and steroid-free (charcoal/dextran-
treated FBS) medium and stimulated with DHT (10 nM) or ANG (0.1 ug/ml) or the

combination of the two for 24 h. The luciferase activity is determined by the use of the Dual
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luciferase Assay System, showing ANG is able to stimulate the AAR2PB promoter that has
been shown to be strictly dependent on AR binding (16, 20). Whether endogenous ANG in
LNCaP cells is involved in DHT-stimulated reporter gene expression is determined. For
this purpose, anti-ANG mAb 26-2F and a non-immune IgG (60 pg/ml) are added to the
cells 2h before the cells are stimulated with DHT.

Since ANG is known to stimulate rRNA transcription and ribosome biogenesis that
is essential for protein translation, the possibility exists that the increase in luciferase
activity is due to enhanced protein translation rather than a promotion of transcription. pRL-
TK is included as an internal control that normalize the protein translation level of the cells;
two additional experiments are done to ascertain that the observed phenomenon is indeed
due to an enhancement in transcription. First, real time RT-PCR is carried out for Firefly
luciferase (from AAR2PBLuc) with the Renilla luciferase (from pRL-TK) as a control.
Second, ChIP experiments are used to see whether ANG enhances the binding of AR to
AAR2PB promoter. Together, these experiments show how ANG activates AR in the
absence of androgen. If ANG stimulates AAR2PB activity, endogenous AR-dependent
genes such as PSA and NHK3.1 are analyzed. The effect of ANG on the expression of PSA
in LNCaP cells cultured under steroid-free condition is examined. The mRNA and protein
level of PSA are determined by real time RT-PCR and by ELISA assays, respectively.

Since ANG is known to be translocated to nucleus, ANG is a likely co-stimulator of
AR. First, ANG and AR co-localization in the nucleus is studied by double
immunofluorescence. Second, ChIP is used to detect ANG in the AAR2PB and PSA
promoters. Then, immunoprecipitation followed by Western blotting are performed to
determine whether ANG and AR physically interact. If a direct interaction is detected,
further biochemical studies are performed.

To determine how AR is involved in ANG-stimulated, androgen-independent
growth of LNCaP cells, AR expression is reduced (knock-down) in the ANG over-
expressing LNCaP cells shown to be able to proliferate in the absence of androgen (Fig.
15d). Inducible AR siRNA (21) is used to knockdown AR expression in these cells and the
effect of AR knockdown on cell proliferation in vitro is determined in phenol red-free and
steroid-free medium as described herein. /n vivo growth in castrated mice is examined as
described herein. Growth characteristics of these ANG-overexpression, AR-under-
expressing cells show how AR is required for ANG-stimulated, androgen-independent

proliferation of LNCaP cells.
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Gene array analysis is useful to understand the whole spectrum of genes that are up-
regulated by ANG or down-regulated by ANG inhibitors. A complicating factor is that
because ANG and its inhibitors stimulates and inhibit cell proliferation, respectively, the
screening results may be affected by the changes brought about by cell proliferation. How
ANG affects AR is studied using reporter assays and by ChIP analysis. If the results show
that ANG activates the transcription activity of AR and that AR mediates ANG-stimulated
proliferation of LNCaP cells in the absence of androgens, this demonstrates that one of the
pathways for ANG-stimulated development of androgen independence is through ligand-
independent activation of AR (outlaw AR pathway). If the above experiments show that
ANG does not directly affect AR function in driving the reporter gene expression, the effect
of ANG is examined on endogenous AR-regulated gene expression. PSA protein and
mRNA level is determined by ELISA and quantitative RT-PCR in ANG over- and under-
expressing LNCaP cells. These results are integrated with the studies described herein
where AR-driven AKT expression and the resultant prostate cell proliferation are studied in
ANG transgenic and Ang/ KO mice.

Example 4B: Examination of the effect of Angl deficiency on AKT-induced PIN

Mouse 4ng is one of the most highly upregulated genes in the PIN lesion in
MPAKT mice (15). However, the role of Ang in PIN development and maintenance was
previously unknown (15). It was also previously unknown when upregulation of ANG starts
and how long it lasts. Immunohistochemistry (IHC) was performed with an affinity-purified
anti-mouse Ang pAb (R163) to show that the Ang protein levels are higher in the ventral
prostate of MPAKT mice than in that of the WT littermates across the age ranging from 4
to 12 weeks (Fig. 6). Therefore, MPAKT mice are useful for studying the role of Ang in
both initiation and progression of AKT-induced PIN. Because AKT expression in the
prostate of these mice is driven by the probasin promoter, they are also useful for studying
the role of Ang on AR function.

Generation of conditional Angl knockout mice

Angl knockout mice are created. Although humans have only a single ANG gene,
mice have six (22). It is not possible to knockout all of them simultancously because they
are spread out over ~8 million basepairs, with many intervening genes. Ang/ is the
prominent form in the prostate (Fig. 20a) and the ortholog of the human gene, and was

therefore targeted first.
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To avoid possibly embryonic lethality, a conditional targeting construct was used to
knockout exon 2, the coding exon, of the gene. Ang! positive clones were obtained from
screening a C57BL/6 BAC library and confirmed by PCR. A ~11.7 kb region of the Ang/
gene was then subcloned for construction of the targeting vector using a homologous
recombination-based technique. This region contains the single coding exon of Ang/, and a
5" and 3’ flanking region of ~2.3 and ~8.9 kb, respectively. The gene segment was inserted
into the backbone vector pSP72 containing an Amp selection cassette. A pGK-gb2
LoxP/FRT-flanked Neomycin cassette was then inserted 161 nt upstream from the coding
exon, and an additional LoxP site was inserted 80 nt downstream from the coding exon
(Fig. 20b). In this construct, the Neo cassette was flanked by FRT sites so that it is removed
by Flp recombinase to generate only Ang/ loxed mice without the Neo cassette. This design
is useful for generating prostate-specific and inducible KO mice.

Restriction enzyme mapping (Fig. 20c) showed all of the bands expected from the
targeting vector. Sequencing was performed from the 5' and 3' ends of the gene insert, the
Angl coding exon, the Neo cassette and its flanking regions, and the region containing the
downstream loxP site. After confirming that there were no errors in the sequenced regions,
the targeting vector was linearized by Notl and electroporated into C57BL/6 x 129/SvEv
hybrid ES cells. After selection in G418 antibiotic, surviving ES clones were expanded for
PCR analysis to identify recombinants. A total of 300 clones were obtained and screened,
and 9 positives were obtained and confirmed for the presence of the desired recombination
event (Fig. 20d).

Clones 133 and 182 were injected into blastocysts and a total of 14 male chimeras
were obtained. Two male chimeras were each mated with two C57BL/6 females and a total
of 30 pups were obtained. Genotyping from tail samples of these mice identified 2 male and
2 female F1 heterozygotes (Fig. 28¢). After sequencing confirmation of the loxP sites, one
male was bred with two females to obtain both homozyogotes and heterozygotes. The other

male was bred with 4 WT C57BL/6 females to obtain more heterozygotes. From these

1 loxP/loxP, Neo 1 loxP/+ Neo

breeding, 6 Ang mice and 13 Ang mice were obtained. These
heterozygous and homozygous Ang! gene floxed mice are being mated with Flp mice to
delete the Neo cassette.

While Neo-deleted, Ang! floxed mice are being generated as described above, the
Ang """ mice have been mated with Ella-Cre mice (23) to obtain conventional KO

mice. Three heterozygotes (2 male and 1 female) have been obtained that have both the Neo
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cassette and Angl gene deleted (Angl ™). One male Angl ™" mouse is crossed with WT
female to produce more heterozygotes. The other male and female Ang/ " mouse are
intercrossed to generate homozygous KO mice.
Breeding strategy

As described, the heterozygous KO (4ng! ") mice are viable. If they are also fertile,
the heterozygous KO line is passed from crossing Ang! " mice with WT. Male Angl KO
mice are mated with female AKT-Tg mice to obtain AKT-Tg:Angl " mice. They are further
bred with Ang!"" mice to obtain three types of mice: AKT-Tg:Angl "', AKT-Tg:Angl ",
and AKT-Tg:Angl™". Comparison among them allows us to understand the effect of Angl
on AKT-induced PIN.

If the homozygous Angl™ mice are embryonic lethal or infertile, a prostate-specific
JloxP/+Neo

knockout strategy is employed. Both heterozygotes (F1, Ang
(F1, Ang1™""*PN) are crossed with Flp mice (Jackson Lab stock #003800) to get mosaic

) and homozygotes

mice (F2, Neo deleted and Neo undeleted). Since these Flp mice are heterozygotes, the F2
mice are screened for the Flp transgene. Neo-deleted and Flp positive mosaic mice are
crossed with WT and the pups are screened for Neo-deleted and Flp negative mice (F3).
Such Neo-deleted heterozygotes are intercrossed to obtain Neo-deleted homozygote (F4,
Ang '™} Therefore, 4 rounds of breeding are needed before they can be crossed with
MPAKT mice.

Breeding between female MPAKT and male Ang /™" mice generates AKT-
Tg:Angl™"" mice. The female of these mice are further mated with Ang /™" male mice
to obtain AKT-Tg:Ang!"™*"** mice. These mice are crossed with probasin-Cre to obtain
prostate-specific Angl deletion.

Phenotypic and pathologic characterization

PIN development is characterized phenotypically from H&E stained sections of the
ventral prostate by examining intraluminal cell expansion and mitotic bodies, luminal
architecture, epithelial cell size and polarization (24). Northern blotting is performed to
confirm the deletion of Ang/ gene. IHC with an a anti-mouse Ang pAb R163 is performed
to examine the expression level of other Ang isoforms and their nuclear localization
patterns. Findings from IHC staining on Ang protein level are confirmed by RIA and
Western blotting of the tissue extracts.

Evidence supports the importance of ANG-stimulated rRNA transcription for

growth and proliferation of prostate cancer cells. The status of rRNA transcription and
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ribosome biogenesis is examined in the prostate glandular epithelial cells. rRNA
transcription is measured by in situ hybridization with a probe for the initiation site of 47S
rRNA. Ribosomal biogenesis is determined by NOR staining as described previously (16).
Cellular proliferation and angiogenesis index is examined by IHC with an anti-PCNA and
an anti-CD-31 antibody, respectively, as described (16).

Angl deficiency may interfere with AR function and with AKT phosphorylation. In
MPAKT mice, prostatic expression of myristylated human AKT gene is driven by the
probasin promoter (15). Therefore, probasin activity and AKT phosphorylation are two
essential events for PIN formation. If Angl is involved in AR, Angl deficiency will affect
AKT expression and PIN formation. IHC for human AKT and phosphor-AKT is carried out
to determine the expression level of the transgene (reflecting probasin activity) and the
phosphorylation status of the transgene product. The IHC results are confirmed by Western
blotting. If Ang! knockout inhibits AKT expression, it supports Ang/ involvement in the
transcription activity of AR. If Ang/ deletion does not inhibit AKT expression but inhibits
AKT phosphorylation, the effect of ANG on upstream kinases such as PI-3K and PKB in
ANG overexpression LNCaP cells and ANG under-expression PC-3 cells is determined.
Example 4C: Examination of the effect of ANG overexpression on AKT-induced PIN
and prostate cancer

Since MPAKT mice do not spontancously develop prostate adenocarcinoma, the
effect of Ang on invasive cancer cannot be directly studied in these mice. How ANG over-
expression pushes the PIN to progress to cancer is determined. Human ANG protein is
directly injected into the prostate of these mice and histologically examined for cancer. Fig.
21 shows that micro invasions were detected (indicated by arrows) in 2 of the 4 animals
received ANG injection.

Since intraprostate injection of ANG protein does not distribute evenly and the
effect may be transient, ANG transgenic mice were generated to characterize the effect of
ANG over-expression on progression from PIN to cancer in MPAKT mice. Human ANG
cDNA including the segment encoding the signal peptide was ligated into pPCAGGS
between the chick B-actin promoter and the IRES-controlled GFP gene that is followed by
the SV40 carly polyadenylation signal. The sequence of the vector was confirmed and a
linearized fragment with (Fig. 22a) was transfected into LNCaP cells to test the expression
levels of ANG and GFP. Transfected cells were sorted by GFP expression and showed a
25-fold increase in ANG secretion as determined by ELISA. The linearized fragment (2
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ng/ul) was than injected into 240 embryos, 210 of them were transferred into 7 recipient
mothers and 17 pups have been obtained and have been genotyped (Fig. 22b). The primer
set used for genotyping is specific for human ANG cDNA and will amplify a fragment of
101 nt. Four founders have been obtained (Mouse number 83, 86, 89, and 94). Two of the
founders (#89 and 94) were backcrossed with WT mice and two transgenic lines have been
established (Fig. 322¢). ELISA analysis shows that line 89 and 95 have circulating human
ANG level of 90 and 35 ng/ml in the plasma.

Materials and Methods

RNA and proteins of the prostate tissues of male ANG-Tg mice, sacrificed at
different ages between 8 and 60 weeks, are examined by RT-PCR with a primer set specific
for human ANG, and by anti-human ANG IHC and Western blotting (17, 25). The prostate
tissues are examined histologically for hyperplasia, characterized by excessive and
somewhat disorganized ductal epithelium with diminished cytoplasm. Potential PIN lesions
with a phenotype characterized by hyperplastic and dysplastic epithelium are investigated.
The extent and degree of disorganized multicell layers, intraepithelial lumen formation, loss
of cell polarity, and nuclear atypia are examined. Mice are kept until natural death occurs
to observe any development of adenocarcinoma characterized by extensive glandular
differentiation, formation of cribriform lesions, and local invasion and micrometastasis. If
PIN or cancer arises, ISH is used to analyze the 47S rRNA level and use IHC to measure
the phosphorylation status of AKT and that of its down stream targets including mTOR,
S6K, and S6P that lead to the production of ribosomal proteins. IHC is also used to detect
nuclear translocation of AR and use ISH to measure the mRNA level of PSA to see the
potential effect of ANG overexpression on the transcription activity of AR.

In order to test the stimulatory activity of ANG in AKT-induced PIN, male ANG-Tg
mice are crossed with female MPAKT mice to generate double transgenic mice and
examine PIN latency in these mice. From these double transgenic mice, whether ANG
transgene expression causes these mice to develop invasive adenocarcinoma or even
micrometastasis. The entire GU tract is removed and examined for development of
adenocarcinoma and for their local invasion and dissemination. Iliac lymph nodes are
examined for existence of cancer cells. If signs of lymph and blood vessel invasion are
observed, the lung and bone are removed and examined for metastatic cancer cells

histologically.
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If invasive cancer and metastasis occur in these double transgenic mice, they are
castrated at the time when PIN has developed into cancer to determine the effect of
androgen withdraw on ANG-promoted cancer invasion and metastasis. Whether cancer will
regress initially after androgen ablation and whether androgen-independent growth will
develop afterwards is investigated. In the same set of experiments, single and double
transgenic mice are castrated before PIN is turned into cancer and compare the apoptosis
rate of the prostate epithelial cells in these mice. The effect of ANG on androgen ablation-
induced apoptosis is thereby measured.

If over-expression of ANG alone has no detectable phenotypic change in the prostate
under normal conditions, whether ANG over-expression accelerates disease progression
initiated by AKT transgene expression in MPAKT mice is examined. AKT and ANG double
transgenic mice are expected to have shortened latency for PIN formation as compared to
the MPAKT line. ANG stimulates transcription of rRNA, a rate-limiting step in the process
of ribosome biogenesis. AKT activation leads to the enhanced production of ribosomal
proteins. An outcome of the combined AKT and ANG functions is to provide adequate
supply of all the necessary components for ribosome biogenesis in order to meet the high
metabolic demand for enhanced cell proliferation during cancer progression.

If universal ANG over-expression is detrimental or side effects interfere with data
interpretation, the probasin promoter is used instead of the B-actin promoter to make
prostate-specific ANG transgenic mice. In this case, human ANG ¢cDNA is ligated into
pBluescript SK between the minimal rPB (-426 tp +28 bp) and SV40 early polyadenylation
signal to generate rPB-ANG transgenic mice by the procedure (26) that has been
successfully used to create over a dozen transgenic mouse lines (27). The signal peptide of
ANG was included because this is the naturally-occurring form of angiogenin both in
human and in mouse. Other prostate specific promoters include ARR2PB, LPB, and C3.
rPB (-426) has been shown to drive transgene expression specifically in the prostate
epithelial cells (27). The activity of rPB is stimulated by androgen but is not entirely
androgen-dependent. It has been shown that the rPB-Tag transgene continues to be
expressed at high levels in cells with heterogeneous AR staining (26). A prostate-specific,
androgen-independent protein-binding site in rPB has been identified and characterized
(28). This characteristic of rPB allows ANG to be expressed and its function tested at
different stages during prostate neoplasia ranging from benign hyperplasia to invasive

adenocarcinoma to androgen-independent disease.
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Equivalents

Those skilled in the art will recognize, or be able to ascertain using no more
than routine experimentation, many equivalents of the specific embodiments of the
invention described herein. Such equivalents are intended to be encompassed by the

following claims.
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We claim:

1.

10.

11.

A method of identifying a modulator of angiogenin-mediated ribosomal RNA
transcription, comprising:

a)  contacting a cellular composition comprising an angiogenin protein and a

ribosomal RNA gene sequence with a test compound; and

b)  measuring ribosomal RNA transcription in the composition,

thereby identifying a modulator of angiogenin-mediated ribosomal RNA

transcription.
The method of claim 1, wherein an increase in ribosomal RNA transcription in the
composition in the presence of the test compound relative to RNA transcription in
the composition in the absence of the test compound indicates that the test
compound is an inducer of angiogenin-mediated ribosomal RNA transcription.
The method of claim 1, wherein a decrease in ribosomal RNA transcription in the
composition in the presence of the test compound relative to RNA transcription in
the composition in the absence of the test compound indicates that the test
compound is an inhibitor of angiogenin-mediated ribosomal RNA transcription.
The method of claim 1, wherein the cellular composition comprises a cellular
component or sub-cellular fraction.
The method of claim 1, wherein the cellular composition comprises a mammalian
cell.
The method of claim 1, wherein the cellular composition comprises a mammal.
The method of claim 1, wherein the cellular composition comprises a cancer cell, an
endothelial cell, or a cellular component or sub-cellular fraction of a cancer or
endothelial cell.
The method of claim 7, wherein the cancer cell is obtained from a mammal
suffering from androgen-independent prostate cancer.
The method of claim 7, wherein the cancer cell is obtained from a mammal
suffering from estrogen-independent breast cancer.
The method of claim 7, wherein the cancer cell is obtained from a mammal
suffering from androgen-dependent prostate cancer or estrogen-dependent breast
cancer.
The method of claim 7, wherein the test compound decreases an angiogenin

ribonuclease activity.
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12.

13.

14.

15.

16.
17.

18.

19.

20.

21.
22.

23.

24.

25.

The method of claim 1, wherein the test compound is a small molecule, an antibody,
or a nucleic acid.

The method of claim 1, wherein the test compound is a derivative of neomycin or
neamine.

A method of treating cancer in a mammalian subject, comprising administering to
the subject an effective amount of a first therapeutic compound comprising neamine
or an agent that suppresses angiogenin-mediated ribosomal RNA transcription.

The method of claim 14, wherein the agent is a small molecule, an antibody, or a
nucleic acid.

The method of claim 14, wherein the agent is a derivative of neomycin or neamine.
The method of claim 14, wherein the agent has decreased toxicity to the mammal
relative to neomycin.

The method of claim 14, wherein the first therapeutic compound is administered in
combination with a pharmaceutical agent for treating the cancer, which
pharmaceutical agent is different from the first therapeutic agent.

The method of claim 18, wherein the pharmaceutical agent comprises a
chemotherapeutic agent.

The method of claim 19, wherein the chemotherapeutic agent is selected from the
group consisting of cisplatin, carboplatin, cyclophosphamide, 5-fluorouracil,
adriamycin, daunorubicin, tamoxifen, leuprolide, goserelin, flutamide, biclutamide,
nilutimide and finasteride.

The method of claim 14, wherein the cancer is a steroid-independent cancer.

The method of claim 14, wherein the subject is suffering from androgen-
independent prostate cancer.

The method of claim 14, wherein the subject is suffering from estrogen-independent
breast cancer.

A method of decreasing the progression of a cancer in a mammalian subject,
comprising administering to the subject an effective amount of a first therapeutic
compound comprising neamine or an agent that suppresses angiogenin-mediated
ribosomal RNA transcription.

The method of claim 24, wherein the cancer is a steroid-dependent cancer, and the

cancer is at risk of progressing to a steroid-independent cancer.
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26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

The method of claim 24, wherein the mammal is at risk of developing androgen-
independent prostate cancer.

The method of claim 24, wherein the mammal is at risk of developing estrogen-
independent breast cancer.

A method of reducing angiogenin nuclear translocation in a target cell, comprising
contacting the cell with an effective amount of a test compound, whereby the
amount of angiogenin translocated into the nucleus in the target cell in the presence
of test compound is reduced relative to the amount of angiogenin translocated into
the nucleus in the target cell in the absence of test compound.

The method of claim 28, wherein the test compound is a small molecule, an
antibody, or a nucleic acid.

The method of claim 28, wherein the agent is neamine, a derivative of neomycin or
neamine, or agent that binds to an angiogenin receptor.

The method of claim 28, wherein the target cell is a cancer cell or an endothelial
cell.

The method of claim 28, wherein angiogenin RNase activity is inhibited by the test
compound.

The method of any one of claims 11, 15 and 29, wherein the nucleic acid is an
RNAI agent selected from the group consisting of siRNA, shRNA, dsRNA, and
microRNA.

A method of treating or preventing prostate intraepithelial neoplasia in a
mammalian subject, comprising administering to the subject an effective amount of
neamine or an agent that suppresses angiogenin-mediated ribosomal RNA
transcription.

A method of treating or preventing estrogen-independent breast cancer in a
mammalian subject, comprising administering to the subject an effective amount of
neamine or an agent that suppresses angiogenin-mediated ribosomal RNA
transcription.

The method of claim 36, wherein the estrogen-independent breast cancer comprises

an estrogen receptor negative cancer.
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