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SCREEN FOR INHIBITORS OF FILOVIRUS AND USES THEREFOR

Cross-Reference to Related Applications

This application claims the benefit of the filing date of U.S. application Serial No. 61/112,524,
filed on November 7, 2008 and U.S. application Serial No. 61/150,486, filed on February 6, 2009, the

disclosures of which are incorporated by reference herein.

Statement of Government Rights

The invention was made with a grant from the Government of the United States of America (Grant
Al057153 from the National Institutes of Health). The Government has certain rights in the invention.

Background
Ebolaviruses (family Filoviridae) cause severe hemorrhagic fevers in humans and nonhuman

primates, with mortality rates as high as 90% (Sanchez et al., 2007). Ebolaviruses and the closely related
Marburgviruses belong to the Filoviridae family (Feldman et al., 2004). Currently, there are no approved
vaccines or antivirals for use against filoviruses. Antivirals are not only desirable for local populations in
epidemic areas and for health care workers during an outbreak, but also for researchers studying these
viruses. Short interfering RNA molecules (Geisbert et al., 2006), and S-adenosylhomocysteine hydrolase
inhibitors (Bray et al., 2000; Huggins et al., 1999) have been shown to inhibit Ebola viral growth in vitro
and/or in vivo. However, the most effective approach to filovirus control will likely come from a
combination of pharmacologic agents with different méchanisms of action (Bray & Paragas, 2002).

High throughput molecular screening (HTS) is an automated, simultaneous testing of thousands
of distinct chemical compounds in models of biological mechanisms or disease. Since authentic
Ebolaviruses are biosafety level 4 (BSL-4) agents, HTS with the viruses is not feasible. The lack of
sufficient BSL-4 space, trained personnel, and the rigors of working in BSL-4 laboratories have severely
hampered basic research with Ebolaviruses as well as the development of vaccines. These limitations
have prompted examination of various steps in the Ebolavirus viral life cyéle in the absence of infectious
virus: (/) replication and transcription were studied by use of reporter gene assays that are based on the
expression of necessary viral components from plasmids (Boehmann et al., 2005; Groseth et al., 2005;
Muhlberger et al., 1999; Modrof et al., 2003; Modrof et al., 2002); (if) entry and fusion processes were
assessed with pseudotyping assays that rely on the use of recombinant vesicular stomatitis or
retroviruses (Yonezawa et al., 2005; Wool-Lewis et al., 1998; Takada et al., 1997; Marzi et al., 2006); and
(#if) budding was examined using virus-like particles that are generated from viral proteins provided by

‘protein expression plasmids (Jasenosky et al., 2001; Licata et al., 2004; Noda et al., 2002; McCarthy et

al., 2006; Johnson et al., 2006). However, several recent findings suggest that data obtained with these
artificial systems may not always be reproducible with live, authentic Ebolavirus {(Neumann et al., 2005).

Summary of the Invention

The invention provides a method to identify modulators, e.g., inhibitors, of filovirus infection. The
method includes contacting a host cell, e.g., a mammalian cell including a human cell or non-human
primate cell, with one or more agents and, in one embodiment, a replication incompetent rhabdovirus
having filovirus glycoprotein and a mutant rhabdovirus genome with sequences for a reporter gene
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product. It is then determined whether the one or more agents inhibit the expression or levels of the
reporter gene product, e.g., a reporter protein. In one embodiment, at least one agent inhibits reporter
expression or levels by at least 50%, 60%, 70% or more, e.g., 80%, 85%, 90% or more, for instance, by at
least 95%, that of reporter expression or levels in a corresponding host cell not contacted with the
agent(s). In one embodiment, the host cell is contacted with one agent. In one embodiment, the host cell
is contacted with a library of agents. For instance, the host cell may be contacted with a chemically
synthesized library, cDNA library or siRNA library. The replication incompetent pseudotyped rhabdovirus
may be prepared by contacting a host cell with a vector to express mutant rhabdovirus vRNA with a
deletion of rhabdovirus glycoprotein sequences and an insertion of reporter gene sequences. Vectors for
protein expression include vectors expressing a filovirus glycoprotein and optionally one or more vectors
for protein expression of at least one of P, M, N or L rhabdovirus proteins.

In one embodiment, the invention provides a method to identify one or more agents that inhibit
viral infection or replication, e.g., Ebolavirus infection or replication. The method includes contacting a
host cell, e.g., a mammalian cell including a human cell or non-human primate cell, with at least one agent
and a recombinant negative-sense, single stranded RNA virus, the genome of which contains a deletion
of viral sequences, i.e., it is a mutant genome. In one embodiment, the host cell is infected with the virus
before being contacted with the one or more agents and in one embodiment, a lysate is prepared, e.g.,
after contact with the one or more agents. In one embodiment, the deleted viral sequences correspond to
those for a viral glycoprotein. In one embodiment, the deleted viral sequences correspond to those for a
nonstructural or nonglycosylated viral protein that is essential in trans for viral replication. In one
embodiment, the deletion is effective to inhibit or prevent viral replication upon infection of a cell with the
recombinant negative-sense, single stranded RNA virus. For example, the deletion may be effective to
prevent expression of a functional nonstructural or nonglycosylated protein, or functional glycoprotein,
upon infection of a cell with the recombinant negative-sense, single stranded RNA virus. In one
embodiment, the deletion may be in filovirus sequences for a viral protein corresponding to Ebola virus
VP30. Such a deletion may include a deletion of 1 or more nucleotides, e.g., a deletion of at least 0.1%,
1%, 5%, 10%, 50%, 60%, 70%, 80%, 90%, or any integer in between, and up to 100% of the viral
sequences corresponding to those for a nonstructural or nonglycosylated viral protein that is essential in
trans for viral replication, e.g., sequences that do not overlap with those for another viral protein encoded
by the viral genome. The deletion is one that is stable over multiple passages and is readily detectable,
e.g., by RT-PCR. In one embodiment, the deletion may be in rhabdovirus sequences for a rhabdovirus
glycoprotein.

As described herein, a biologically contained Ebolavirus (EbolaAVP30) was employed to identify
anti-Ebolavirus candidates using a high throughput screening assay. To determine the steps in the viral
life cycle inhibited by an anti-viral compound, an Ebolavirus binding/entry assay and a minigenome
replication assay were employed. Anti-viral specificity was defined by using viral growth inhibition tests
with EbolaAVP30, veccinia virus, adenovirus, influenza virus, and vesicular stomatitis virus. Gedunin and
gedunin derivatives were identified as anti-Ebolavirus candidates in the high throughput screening assay.
These compounds inhibited the growth of EbolaAVP30 but not that of vaccinia virus, adenovirus, influenza
virus, or vesicular stomatitis virus. Further, these compounds inhibited Ebolavirus binding/entry and some
also inhibited viral genome replication and protein expression. Thus, gedunin and gedunin derivatives are
potent inhibitors of Ebolavirus in vitro. Their inhibitory mechanisms rely mainly upon virus binding/entry.

2
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In one embodiment, an isolated recombinant, biologically contained Ebola virus includes a
genome which contains a deletion in sequences corresponding to Ebola virus VP30 sequences. The
deletion is effective to inhibit or prevent viral replication, e.g., by preventing expression of a functional
protein corresponding to Ebola virus VP30 protein, upon infection of a cell that lacks sequences that
encode the functional protein (e.g., the cell that does not express functional VP30 in trans) with the
recombinant, biologically contained Ebola virus. In one embodiment, at least 90% of sequences
corresponding to VP30 sequences in the viral genome of the virus are deleted. In one embodiment, the
genome of the recombinant, biologically contained filovirus further comprises heterologous sequences, for
instance, positioned within the deletion. The heterologous sequences may be selected as ones that are
not toxic to one or more host cells, e.g., reporter, selectable marker or viral sequences (for instance, neok,
a fluorescent protein such as green fluorescent protein (GFP), luciferase or influenza virus sequences for
mammalian cells).

To prepare such virus, a reverse genetics systems for negative-sense RNA viruses was exploited
to generate Ebolaviruses that lack the VP30 gene (which encodes an essential transcription factor),
termed EbolaAVP30 virus. These viruses were maintained, genetically stable, and biologically confined to
a cell line expressing VP30. Hence, the EbolaAVP30 virus fulfills several criteria of a vaccine virus: it can
be grown to reasonably high titers in helper cells, is genetically stable (as determined by sequence
analysis after seven serial passages in VP30-expressing Vero cells), and is safe. Moreover, as described
herein, the resultant viruses resemble wild-type virus in their life cycle, their morphology, and their growth
properties, but could be handled in a non-BSL-4 laboratory, opening new opportunities for study of the
Ebolavirus life cycle and for the identification of effective antiviral compounds.

Other negative-sense, single stranded RNA viruses may likewise be manipulated, e.g., the
genome of Nipah virus, Hendravirus, Henipavirus, and the like, may be manipulated to mutate or delete
sequences corresponding to those for a nonstructural or nonglycoslyated viral protein that is required for
viral replication. Thus, genomes of viruses in the following families may be manipulated to provide for an
infectious, biologically contained virus that resembles wild-type virus in its life cycle, morphology, and
growth properties, can be grown to reasonably high titers in helper cells, is genetically stable, and is safe:
Bornaviridae, Rhabdoviridae, Filoviridae (genera Marburgvirus and Ebolavirus), Paramyxoviridae,
Avulavirus, Henipavirus, Morbillivirus, Respirovirus, or Rubulavirus.

The invention further provides screening methods for antivirals that employ the recombinant
infectious, biologically contained virus. In one embodiment, the methods include those that identify one or
more agents that inhibit virus infection or replication. The methods include contacting the recombinant
infectious, biologically contained virus of the invention, a host cell, e.g., a helper cell, such as a
mammalian cell including a human cell or non-human primate cell, and one or more agents. Then it is
determined whether the one or more agents inhibit viral replication or infection. In one embodiment, the
one or more identified agents do not substantially decrease host cell viability, e.g., host cell viability is at
least 65%, 70%, 75%, 80% or more in the presence of the one or more agents. Further provided is a
method to identify one or more agents that inhibit virus infection or replication, which includes contacting a
host cell infected with a recombinant infectious, biologically contained filovirus, or a lysate thereof, and
one or more agents. Then it is determined whether the one or more agents inhibit viral replication or
infection. In one embodiment, the one or more identified agents do not substantially decrease host cell
viability, e.g., host cell viability is at least 65%, 70%, 75%, 80% or more. In one embodiment, the anti-viral
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agent has an IC5 of less than about 10.0 uM, e.g., less than 5 uM, 1 uM, or 0.1 uM, e.g., an ICs; from
0.001 uM to 10 uM. In one embodiment, the anti-viral agent has a CCs, of more than than about 0.1 pM,
e.g., more than 1 uM, 5 uM, 10 uM or 50 uM, e.g., a CCs, from 0.1 uM to 100 uM. In one embodiment,
the agent has an ICs of less than about 10.0 uM, e.g., less than 5 uM, 1 uM, or 0.1 uM and a CCs, of
more than about 0.1 uM, e.g.,more than than 1 uM, 5 uM, 10 uM or 50 uM.

In one embodiment, the screening method identifies inhibitors of filovirus glycoprotein receptor
binding or fusion. The method includes contacting a host cell, e.g., a mammalian cell including a human
cell or non-human primate cell, with one or more agents and a recombinant replication incompetent
pseudotyped rhabdovirus comprising filovirus glycoprotein and a mutant negative sense rhabdovirus
genome which lacks sequences for a rhabdovirus glycoprotein but comprises a sequence for a reporter
protein, e.g., a fluorescent protein or a bioluminescent protein. At least one agent is identified that inhibits
reporter protein levels or expression in the host cell.

Also provided is a method which includes contacting a host cell with a plurality of agents, for
example, a composition having the plurality of agents, and recombinant virus, e.g., sequentially or
simultaneously.

Further provided are agents identified by the methods and the use of anti-virals in methods to
prevent, inhibit or treat viral infection in a mammal, e.g., a human. Agents identified by the method or
useful to prevent, inhibit or treat viral, e.g., filovirus, infection, include but are not limited to, an inhibitor of
Hsp90, gedunin and gedunin derivatives, a triphenylethylene, an inhibitor of calcium-independent
phospholipase A; and/or of magnesium-dependent phosphatidate phosphohydrolase, an inhibitor of PGE;
synthase, a steroid, dopamine antagonist, or anticholinergic, including a compound of formula (1)-(XIII).
Such agents are useful treatments in Ebolavirus infection management and biosafety defense, as well as
platforms for developing new chemical entities for use in Ebolavirus treatment.

In addition, the invention provides a method to prevent, inhibit or treat viral infection in a mammal,
e.g., a human, by administering a composition having an effective amount of a triphenylethylene,
tamoxifen or a derivative thereof such as raloxifene and clomiphene, a calcium channel blocker, a
tetranortriterpenoid, an antipsychotic, a sigma receptor agonist, an anticholinergic, a steroid, an inhibitor
of calcium-independent phospholipase A, an inhibitor of magnesium-dependent phosphatidate
phosphohydrolase, an inhibitor of the inducible microsomal PGE; synthase, a Hsp90 inhibitor, a dopamine
antagonist, or a compound of formula (1)-(XIll), including compositions having those agents or compounds
and pharmaceutically acceptable carriers and/or excipients. In one embodiment a composition for
administration in prophylactic or therapeutic methods includes but is not limited to bepridil hydrochloride,
clomiphene citrate, benzotropin mesylate, 7-deacetoxy-3-deacetyl-7-oxokhivorin, 1,2alpha-epoxy-7-
deacetoxy-7-oxodihxdrogedunin, epoxygedunin, 1,3-dideacetyl-7-deacetoxy-7-oxokhivorin, gedunin,
gedunol, dihydrogedunin, 3beta-acetoxydeoxodihydrogedunin, 3alpha-hydroxydeoxodihydrogedunin,
deacetoxy-7-oxogedunin, 3beta-hydroxydeoxodihydrogedunin, deacetoxy-7-oxogedunin, 1,2aipha-
epoxydeacetoxydihydrogedunin, 3beta-hydroxydeoxydesacetoxy-7-oxogedunin, tridesacetoxykhivorin,
1,3-dideacetylkhivorin, heudelottin C, tamoxifen citrate, fluspirilene, raloxifene hydrochloride, bromoenol
lactone, cortexolone maleate, (R,R)-cis,diethyl tetrahydro-2,8-chrysenediol, MK-866, L-687, 384
hydrochloride, cycloheximide, HTS00384, NRB03063, CD03565, KM0483, SPB06885, CD04265,
CD02075, PD00647, HTS07940, HTS13483, JFD02423, and/or HTS04029.
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Thus, the invention provides compounds for use in medical therapy, such as agents that prevent,

inhibit or treat filovirus infection in a mammal, optionally in conjunction with other compounds. Also
provided is the use of the compounds for the manufacture of a medicament to prevent, inhibit or treat

filovirus infection.

Brief Description of the Figures

Figure 1. Schematic diagram of EbolaAVP30 constructs. (Top row) Schematic diagram of the
Ebolavirus genome flanked by the leader sequence (I) and the trailer sequence (t) in positive-sense
orientation. Two unique restriction sites for Sall and Sacl (positions 6180 and 10942 of the viral
antigenome, respectively) allowed the subcloning of a fragment that spans the VP30 gene. The
subgenomic fragment was then used to replace the VP30 gene with genes encoding neomycin (neo) or
enhanced green fluorescence protein (eGFP), respectively. Using the unique restriction sites, the altered
subgenomic fragments were cloned back into the full-length Ebolavirus cDNA construct.

Figure 2. Characterization of EbolaAVP30-neo virus. (A) Expression of Ebolavirus antigens by
infected VeroVP30 cells. Confluent VeroVP30 cells (left panel) or wild-type Vero cells (right panel) were
infected with EbolaAVP30-neo for 60 minutes, washed, and overlaid with propagation medium with 1.5%
methyl cellulose. Seven days later, cells were fixed with 10% buffered formaldehyde and an
immunostaining assay with an antibody to Ebolavirus VP40 protein was performed. The formation of
plaques in the VeroVP30 cell monolayer (left panel), but not in monolayers of wild-type Vero cells (right
panel), illustrates thatEbolaAVP30-neo virus is biologically contained. (B) Detection of EbolaAVP30-neo
viral proteins. Supernatants derived from infected VeroVP30 (labeled '+') or wild-type Vero (labeled '-')
cells were collected 5 days after infection and partially purified over 20% sucrose. Protein pellets were
suspended in PBS and separated on polyacrylamide gels, transferred to membranes and probed with
specific antibodies to Ebolavirus proteins.

Figure 3. Replication kinetics of wild-type Ebolavirus and EbolaAVP30-neo virus. VeroVP30 cells
(top panels) and wild-type Vero cells (bottom panels) were infected with Ebolavirus or EbolaAVP30-neo at
a high m.o.i. of 1.0 (left panels) or a low m.o.i. of 0.01 (right panels). Supernatants were harvested every
24 hours postinfection for 6 days. Viral titers of the respective viruses were determined by infecting
confluent VeroVP30 cells or wild-type Vero cells with tenfold dilutions of the supernatants and subsequent
immunostaining. Virus titers for EbolaAVP30-neo virus (solid squares) and wild-type Ebolavirus (open
circles) were comparable in VeroVP30 cells (top panels). In wild-type Vero cells (bottom panels), no
replication was detected for EbolaAVP30-neo virus (solid squares).

Figure 4. Morphology of Ebolaviruses budding from infected cells. Vero cells infected with wild-
type Ebolavirus (left panels) and VeroVP30 cells infected with EbolaAVP30-neo virus (right panels) were
processed for TEM 3 days postinfection. The pictures show virus budding from infected cells. No
significant differences in morphology or budding efficiencies were observed for wild-type Ebolavirus and
EbolaAVP30-neo virus. Top panel, 6,000x magnification; bottom panel, 20,000x magnification of boxed
area from top panel.

Figure 5. Ebola AVP30 virus generates an antibody response against the Ebola virus
glycoprotein, GP. (A) Flow chart of vaccination of 4-week-old Balb/c mice with EbolaAVP30 virus to
determine the antibody titer to Ebola GP. Mice (n=4) were vaccinated three times with 10’ FFU of Ebola
AVP30 at three-week intervals; control mice (n=4) were simultaneously mock-vaccinated. Serum samples
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were collected two weeks after each vaccination. (B) The amounts of IgG against purified Ebola virus GP
in the samples was determined by ELISA. Results are expressed as the mean absorbance at 405 nm (+/-
standard deviations) of samples diluted to 1:100.

Figure 6. Cellular immune response in Ebola AVP30-vaccinated mice. Mice (n=4) were
vaccinated with EbolaAVP30; control mice (n=2) were simultaneously mock-vaccinated. Splenocytes
were collected 8 days after the second vaccination and stimulated with an NP peptide. Cells were stained
for the cell surface antigen CD8" and for intracellular IFNy. The number of cytokine-producing CD8" T
cells was determined by using a FACSCalibur flow cytometer (BD Biosciences).

Figure 7. Flow chart of the vaccination schedule to determine the protective efficacy of the
EbolaAVP30 virus. Four-week-old Balb/c mice were vaccinated with EbolaAVP30 virus. In group 1, mice
(n=14) were vaccinated with nonpurified EbolaAVP30 virus directly from cell culture supernatant, while
control mice (n=8) were mock-vaccinated. In group 2, mice (n=15) were vaccinated with purified
EbolaAVP30 virus, while control mice (n=10) were mock-vaccinated. All mice were challenged with a
1000 MLDs, of mouse-adapted Ebola virus.

Figure 8. Body weight changes (A) and Kaplan-Meier survival curve (B) of mice vaccinated with
EbolaAVP30 compared to control mice. Mice from group 1 were vaccinated three times with non-purified
EbolaAVP30 virus while mice from group 2 were vaccinated twice with purified EbolaAVP30 virus. Mice
from the vaccinated groups and control groups were challenged with a 1000 MLDs, of mouse-adapted
Ebola virus.

Figure 9. Virus titers in the serum of mice following lethal challenge. Vaccinated (n=3) and
control (n=3) mice from groups 1 and 2 were euthanized on day 4 post-challenge. Virus titers from the
serum were determined by the plaque assay. ND, not detectable.

Figure 10. Representative filovirus sequences (Accession numbers NC006432, NC004161,
AY769362, AY142960, AF522874, AF499101, L11365, NC001608, DQ447652, DQ447649, AB0509386,
NC002549, NC001608, AF086833 and AF272001, the disclosures of which are incorporated by reference
herein; SEQ ID NOs:1-30).

Figure 11. Compounds screened in an assay of the invention.

Figure 12. Chemical structures of gedunin (1), epoxygedunin (2), 1,3-Dideacetly-7-Deacetoxy-7-
Oxokivorin (3), 7-Deacetoxy-3-deacetyl-7-Oxokhivorin (4), and 1,2alpha-Epoxy-7-Deacetoxy-7-Oxo-
Deoxyhydrogedunin (5).

Figure 13. Growth kinetics of viruses. Compounds were added to cell culture media 2 hours prior
to virus infections. Cells were inoculated with EbolaAVP30 virus, vaccinia virus, or adenovirus at an MOI
of 10, or influenzavirus or VSV at an MOI of 10°°. Cell culture media (EbolaAVP30, influenzavirus, and
VSV) or cell culture media and cells (vaccinina virus and adenovirus) were collected 24, 48, and 72 hours
post-infection for virus titer determinations. Dots and error bars indicate mean titers and standard
deviations from three individual experiments, respectively.

Figure 14. Gedunin and gedunin-like compounds inhibit Ebolavirus GP-dependent virus entry.
Compounds were added to cell culture media at 2 hours prior to VSVAG*-Ebolavirus GP or VSVAG*-VSV
G virus infection. The number of GFP-positive cells was determined after an overnight incubation. %
infectivity = 100 x number of GFP-positive cells + compound/number of GFP-positive cells + DMSO.
Columns and error bars indicate mean % infectivities and standard deviations from four individual
experiments, respectively.
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Figure 15. Gedunin and epoxygedunin inhibit protein expression from the Ebolavirus minigenome.

Compounds were added to cell culture media 6.5 hours post-transfection. Luciferase (luc) activities,
expressed from the Ebolavirus minigenome, were measured on day 3 post-transfection. % luc activity =
100 x luc activity + compound/ luc activity + DMSO. Columns and error bars indicate mean % luc activities
and standard deviations from three individual experiments, respectively.

Figure 16. Hsp90 inhibitors inhibit protein expression from the Ebolavirus minigenome. (A) Hsp90
inhibitors (10 #M) inhibit growth of EbolaAVP30-GFP. Dots and error bars indicate mean titers and
standard deviations from three individual experiments, respectively. (B) and (C) Hsp90 inhibitors (10 uM)
do not substantially reduce Ebolavirus GP-mediated (or VSV-G-mediated) virus binding/entry. (D) Hsp90
inhibitors (10 #M) reduce protein expression from the Ebolavirus minigenome. Columns and error bars

indicate mean % infectivities and standard deviations from four individual experiments, respectively.

Detailed Description of the Invention

Definitions

The term "isolated” when used in relation to a nucleic acid (e.g., vector or plasmid), peptide,
polypeptide or virus refers to a nucleic acid sequence, peptide, polypeptide or virus that is identified and
separated from at least one contaminant nucleic acid, polypeptide or other biological component with
which it is ordinarily associated in its natural source, e.g., so that it is not associated with in vivo
substances, or is substantially purified from in vitro substances. Isolated nucleic acid, peptide, polypeptide
or virus is present in a form or setting that is different from that in which it is found in nature. For example,
a given DNA sequence (e.g., a gene) is found on the host cell chromosome in proximity to neighboring
genes; RNA sequences, such as a specific mMRNA sequence encoding a specific protein, are found in the
cell as a mixture with numerous other mMRNAs that encode a multitude of proteins. An example of such
DNA "isolated” from a source would be a useful DNA sequence that is excised or removed from said
source by chemical means, e.g., by the use of restriction endonucleases, so that it can be further
manipulated, e.g., amplified, for use in the invention, by the methodology of genetic engineering. The
isolated nucleic acid molecule may be present in single-stranded or double-stranded form. When an
isolated nucleic acid molecule is to be utilized to express a protein, the molecule will contain at a minimum
the sense or coding strand (i.e., the molecule may single-stranded), but may contain both the sense and
anti-sense strands (i.e., the molecule may be double-stranded).

A "vector" or "construct"” (sometimes referred to as gene delivery or gene transfer "vehicle") refers
to a macromolecule or complex of molecules comprising a polynucleotide to be delivered to a host cell,
either in vitro or in vivo. The polynucleotide to be delivered may comprise a coding sequence of interest
for gene therapy. Vectors include, for example, viral vectors (such as adenoviruses, adeno-associated
viruses (AAV), lentiviruses, herpesvirus and retroviruses), liposomes and other lipid-containing
complexes, and other macromolecular complexes capable of mediating delivery of a polynucleotide to a
host cell. Vectors can also comprise other components or functionalities that further modulate gene
delivery and/or gene expression, or that otherwise provide beneficial properties to the targeted cells. Such
other components include, for example, components that influence binding or targeting to cells (including
components that mediate cell-type or tissue-specific binding); components that influence uptake of the
vector nucleic acid by the cell; components that influence localization of the polynucleotide within the cell

after uptake (such as agents mediating nuclear localization); and components that influence expression of

7



10

15

20

25

30

35

40

WO 2010/053573 PCT/US2009/006019
the polynucleotide. Such components also might include markers, such as detectable and/or selectable
markers that can be used to detect or select for cells that have taken up and are expressing the nucleic
acid delivered by the vector. Such components can be provided as a natural feature of the vector (such as
the use of certain viral vectors which have components or functionalities mediating binding and uptake), or
vectors can be modified to provide such functionalities. A large variety of such vectors are known in the
art and are generally available. When a vector is maintained in a host cell, the vector can either be stably
replicated by the celis during mitosis as an autonomous structure, incorporated within the genome of the
host cell, or maintained in the host cell's nucleus or cytoplasm.

A "recombinant viral vector” refers to a viral vector comprising one or more heterologous genes or
sequences. Since many viral vectors exhibit size constraints associated with packaging, the heterologous
genes or sequences are typically introduced by replacing one or more portions of the viral genome. Such
viruses may become replication-defective (biologically contained), requiring the deleted function(s) to be
provided in trans during viral replication and encapsidation (by using, e.g., a helper virus or a packaging
cell line carrying genes necessary for replication and/or encapsidation). Modified viral vectors in which a
polynucleotide to be delivered is carried on the outside of the viral particle have also been described.

"Gene delivery,” "gene transfer," and the like as used herein, are terms referring to the
introduction of an exogenous polynucleotide (sometimes referred to as a "transgene") into a host cell,
irrespective of the method used for the introduction. Such methods include a variety of well-known
techniques such as vector-mediated gene transfer (by, e.g., viral infection/transfection, or various other
protein-based or lipid-based gene delivery complexes) as well as techniques facilitating the delivery of
"naked" polynucleotides (such as electroporation, "gene gun" delivery and various other techniques used
for the introduction of polynucleotides). The introduced polynucleotide may be stably or transiently
maintained in the host cell. Stable maintenance typically requires that the introduced polynucleotide either
contains an origin of replication compatible with the host cell or integrates into a replicon of the host cell
such as an extrachromosomal replicon (e.g., a plasmid) or a nuclear or mitochondrial chromosome. A
number of vectors are known to be capable of mediating transfer of genes to mammalian cells, as is
known in the art.

By "transgene" is meant any piece of a nucleic acid molecule (for example, DNA) which is
inserted by artifice into a cell either transiently or permanently, and becomes part of the organism if
integrated into the genome or maintained extrachromosomally. Such a transgene may include at least a
portion of an open reading frame of a gene which is partly or entirely heterologous (i.e., foreign) to the
transgenic organism, or may represent at least a portion of an open reading frame of a gene homologous
to an endogenous gene of the organism, which portion optionally encodes a polypeptide with substantially
the same activity as the corresponding full-length polypeptide or at least one activity of the corresponding
full-length polypeptide.

By "transgenic cell" is meant a cell containing a transgene. For example, a cell stably or
transiently transformed with a vector containing an expression cassette is a transgenic cell that can be
used to produce a population of cells having altered phenotypic characteristics. A "recombinant cell” is
one which has been genetically modified, e.g., by insertion, deletion or replacement of sequences in a
nonrecombinant cell by genetic engineering.

The term "wild-type” or "native" refers to a gene or gene product that has the characteristics of
that gene or gene product when isolated from a naturally occurring source. A wild-type gene is that which
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is most frequently observed in a population and is thus arbitrarily designated the "normal” or "wild-type"
form of the gene. In contrast, the term "modified” or "mutant” refers to a gene or gene product that
displays modifications in sequence and or functional properties (i.e., altered characteristics) when
compared to the wild-type gene or gene product. It is noted that naturally-occurring mutants can be
isolated; these are identified by the fact that they have altered characteristics when compared to the wild-
type gene or gene product.

The term "transduction” denotes the delivery of a polynucleotide to a recipient cell either in vivo or
in vitro, via a viral vector and in one embodiment via a replication-defective viral vector.

The term "heterologous” as it relates to nucleic acid sequences such as gene sequences
encoding a protein and control sequences, denotes sequences that are not normally joined together,
and/or are not normally associated with a particular cell, e.g., are from different sources (for instance,
sequences from a virus are heterologous to sequences in the genome of an uninfected cell). Thus, a
“heterologous" region of a nucleic acid construct or a vector is a segment of nucleic acid within or
attached to another nucleic acid molecule that is not found in association with the other molecule in
nature. For example, a heterologous region of a nucleic acid construct could include a coding sequence
flanked by sequences not found in association with the coding sequence in nature, i.e., a heterologous
promoter. Another example of a heterologous coding sequence is a construct where the coding sequence
itself is not found in nature (e.g., synthetic sequences having codons different from the native gene).
Similarly, a cell transformed with a construct which is not normally present in the cell would be considered
heterologous for purposes of this invention.

By "DNA" is meant a polymeric form of deoxyribonucleotides (adenine, guanine, thymine, or
cytosine) in double-stranded or single-stranded form found, inter alia, in linear DNA molecules (e.g.,
restriction fragments), viruses, plasmids, and chromosomes. In discussing the structure of particular DNA
molecules, sequences may be described herein according to the normal convention of giving only the
sequence in the 5' to 3' direction along the nontranscribed strand of DNA (i.e., the strand having the
sequence compiementary to the mRNA). The term captures molecules that include the four bases
adenine, guanine, thymine, or cytosine, as well as molecules that include base analogues which are
known in the art.

As used herein, the terms "complementary" or "complementarity” are used in reference to
polynucleotides (i.e., a sequence of nucleotides) related by the base-pairing rules. For example, the
sequence "A-G-T," is complementary to the sequence "T-C-A." Complementarity may be "partial," in
which only some of the nucleic acids’ bases are matched according to the base pairing rules. Or, there
may be "complete” or "total" complementarity between the nucleic acids. The degree of complementarity
between nucleic acid strands has significant effects on the efficiency and strength of hybridization
between nucleic acid strands. This is of particular importance in amplification reactions, as well as
detection methods that depend upon binding between nucleic acids.

DNA molecules are said to have "5' ends" and "3' ends" because mononucleotides are reacted to
make oligonucleotides or polynucleotides in a manner such that the 5' phosphate of one mononucleotide
pentose ring is attached to the 3' oxygen of its neighbor in one direction via a phosphodiester linkage.
Therefore, an end of an oligonucleotide or polynucleotide is referred to as the "5' end" if its 5' phosphate is
not linked to the 3' oxygen of a mononucleotide pentose ring and as the "3' end" if its 3' oxygen is not
linked to a 5' phosphate of a subsequent mononucleotide pentose ring. As used herein, a nucleic acid
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sequence, even if internal to a larger oligonucleotide or polynucleotide, also may be said to have 5' and 3'
ends. In either a linear or circular DNA molecule, discrete elements are referred to as being "upstream" or
' of the "downstream" or 3' elements. This terminology reflects the fact that transcription proceeds in a 5'
to 3' fashion along the DNA strand. The promoter and enhancer elements that direct transcription of a
linked gene are generally located 5' or upstream of the coding region. However, enhancer elements can
exert their effect even when located 3' of the promoter element and the coding region. Transcription
termination and polyadenylation signals are located 3' or downstream of the coding region.

A "gene," "polynucleotide,” "coding region," "sequence," "segment, " "fragment” or "transgene"
which "encodes" a particular protein, is a nucleic acid molecule which is transcribed and optionally also
translated into a gene product, e.g., a polypeptide, in vitro or in vivo when placed under the control of
appropriate regulatory sequences. The coding region may be present in either a cDNA, genomic DNA, or
RNA form. When present in a DNA form, the nucleic acid molecule may be single-stranded (i.e., the
sense strand) or double-stranded. The boundaries of a coding region are determined by a start codon at
the 5' (amino) terminus and a translation stop codon at the 3' (carboxy) terminus. A gene can include, but
is not limited to, cDNA from prokaryotic or eukaryotic mRNA, genomic DNA sequences from prokaryotic
or eukaryotic DNA, and synthetic DNA sequences. A transcription termination sequence will usually be
located 3' to the gene sequence.

The term "control elements” refers collectively to promoter regions, polyadenylation signals,
transcription termination sequences, upstream regulatory domains, origins of replication, internal
ribosome entry sites ("IRES"), enhancers, splice junctions, and the like, which collectively provide for the
replication, transcription, post-transcriptional processing and translation of a coding sequence in a
recipient cell. Not all of these control elements need always be present so long as the selected coding
sequence is capable of being replicated, transcribed and translated in an appropriate host cell.

The term "promoter” is used herein in its ordinary sense to refer to a nucleotide region comprising
a DNA regulatory sequence, wherein the regulatory sequence is derived from a gene which is capable of
binding RNA polymerase and initiating transcription of a downstream (3' direction) coding sequence.

By "enhancer” is meant a nucleic acid sequence that, when positioned proximate to a promoter,
confers increased transcription activity relative to the transcription activity resulting from the promoter in
the absence of the enhancer domain.

By "operably linked" with reference to nucleic acid molecules is meant that two or more nucleic
acid molecules (e.g., a nucleic acid molecule to be transcribed, a promoter, and an enhancer element) are
connected in such a way as to permit transcription of the nucleic acid molecule. "Operably linked" with
reference to peptide and/or polypeptide molecules is meant that two or more peptide and/or polypeptide
molecules are connected in such a way as to yield a single polypeptide chain, i.e., a fusion polypeptide,
having at least one property of each peptide and/or polypeptide component of the fusion. The fusion
polypeptide is, in one embodiment, chimeric, i.e., composed of heterologous molecules.

"Homology" refers to the percent of identity between two polynucleotides or two polypeptides. The
correspondence between one sequence and to another can be determined by techniques known in the
art. For example, homology can be determined by a direct comparison of the sequence information
between two polypeptide molecules by aligning the sequence information and using readily available
computer programs. Alternatively, homology can be determined by hybridization of polynucleotides under
conditions which form stable duplexes between homologous regions, followed by digestion with single
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strand-specific nuclease(s), and size determination of the digested fragments. Two DNA, or two
polypeptide, sequences are "substantially homologous" to each other when at least about 80%, e.g., at
least about 90%, or at least about 95% of the nucleotides, or amino acids, respectively match over a
defined length of the molecules, as determined using the methods above.

By "mammal” is meant any member of the class Mammalia including, without limitation, humans
and nonhuman primates such as chimpanzees and other apes and monkey species; farm animals such
as cattle, sheep, pigs, goats and horses; domestic mammals such as dogs and cats; laboratory animals
including rodents such as mice, rats, rabbits and guinea pigs, and the like.

By "derived from" is meant that a nucleic acid molecule was either made or designed from a
parent nucleic acid molecule, the derivative retaining substantially the same functional features of the
parent nucleic acid molecule, e.g., encoding a gene product with substantially the same activity as the
gene product encoded by the parent nucleic acid molecule from which it was made or designed.

By "expression construct” or "expression cassette" is meant a nucleic acid molecule that is
capable of directing transcription. An expression construct includes, at the least, a promoter. Additional
elements, such as an enhancer, and/or a transcription termination signal, may also be included.

The term "exogenous," when used in relation to a protein, gene, nucleic acid, or polynucleotide in
a cell or organism refers to a protein, gene, nucleic acid, or polynucleotide which has been introduced into
the cell or organism by artificial or natural means. An exogenous nucleic acid may be from a different
organism or cell, or it may be one or more additional copies of a nucleic acid which occurs naturally within
the organism or cell. By way of a non-limiting example, an exogenous nucleic acid is in a chromosomal
location different from that of natural cells, or is otherwise flanked by a different nucleic acid sequence
than that found in nature.

As used herein, the term "recombinant nucleic acid" or "recombinant DNA sequence, molecule or
segment" refers to a nucleic acid, e.g., to DNA, that has been derived or isolated from a source, that may
be subsequently chemically altered in vitro, and includes, but is not limited to, a sequence that is naturally
occurring, is not naturally occurring, or corresponds to naturally occurring sequences that are not
positioned as they would be positioned in the native genome. An example of DNA "derived" from a
source, would be a DNA sequence that is identified as a useful fragment, and which is then chemically
synthesized in essentially pure form. An example of such DNA "isolated" from a source would be a useful
DNA sequence that is excised or removed from said source by chemical means, e.g., by the use of
restriction endonucleases, so that it can be further manipulated, e.g., amplified, for use in the invention, by
the methodology of genetic engineering.

The term "recombinant protein” or "recombinant polypeptide” as used herein refers to a protein
molecule that is expressed from a recombinant DNA molecule.

The term "peptide”, "polypeptide” and protein” are used interchangeably herein unless otherwise

distinguished.

The term "sequence homology" means the proportion of base matches between two nucleic acid
sequences or the proportion amino acid matches between two amino acid sequences. When sequence
homology is expressed as a percentage, e.g., 50%, the percentage denotes the proportion of matches
over the length of a selected sequence that is compared to some other sequence. Gaps (in either of the
two sequences) are permitted to maximize matching; gap lengths of 15 bases or less are usually used, 6
bases or less are preferred with 2 bases or less more preferred. When using oligonucleotides as probes
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or treatments, the sequence homology between the target nucleic acid and the oligonucleotide sequence
is generally not less than 17 target base matches out of 20 possible oligonucleotide base pair matches
(85%), such as not less than 9 matches out of 10 possible base pair matches (90%), and, for example,
not less than 19 matches out of 20 possible base pair matches (95%).

The term "selectively hybridize" means to detectably and specifically bind. Polynucleotides,
oligonucleotides and fragments of the invention selectively hybridize to nucleic acid strands under
hybridization and wash conditions that minimize appreciable amounts of detectable binding to nonspecific
nucleic acids. High stringency conditions can be used to achieve selective hybridization conditions as
known in the art and discussed herein. Generally, the nucleic acid sequence homology between the
polynucleotides, oligonucleotides, and fragments of the invention and a nucleic acid sequence of interest
is at least 65%, and more typically with increasing homologies of at least about 70%, about 90%, about
95%, about 98%, and 100%.

Two amino acid sequences are homologous if there is a partial or complete identity between their
sequences. For example, 85% homology means that 85% of the amino acids are identical when the two
sequences are aligned for maximum matching. Gaps (in either of the two sequences being matched) are
allowed in maximizing matching; gap lengths of 5 or less are preferred with 2 or less being more
preferred. Alternatively, two protein sequences (or polypeptide sequences derived from them of at least
30 amino acids in length) are homologous, as this term is used herein, if they have an alignment score of
at more than 5 (in standard deviation units) using the program ALIGN with the mutation data matrix and a
gap penalty of 6 or greater. The two sequences or parts thereof are more likely homologous if their amino
acids are greater than or equal to 50% identical when optimally aligned using the ALIGN program.

The term "corresponds to" is used herein to mean that a polynucleotide sequence is homologous
(e.g., is identical, not strictly evolutionarily related) to all or a portion of a reference polynucleotide
sequence that encodes a polypeptide or its complement, or that a polypeptide sequence is identical in
sequence or function to a reference polypeptide sequence. For illustration, the nucleotide sequence
"TATAC" corresponds to a reference sequence "TATAC" and is complementary to a reference sequ.ence
"GTATA".

The following terms are used to describe the sequence relationships between two or more
polynucleotides: "reference sequence”, "comparison window", "sequence identity", "percentage of
sequence identity”, and "substantial identity". A "reference sequence” is a defined sequence used as a
basis for a sequence comparison; a reference sequence may be a subset of a larger sequence, for
example, as a segment of a full-length cDNA or gene sequence given in a sequence listing, or may
comprise a complete cDNA or gene sequence. Generally, a reference sequence is at least 20
nucleotides in length, frequently at least 25 nucleotides in length, and often at least 50 nucleotides in
length. Since two polynucleotides may each (1) comprise a sequence (i.e., a portion of the complete
polynucleotide sequence) that is similar between the two polynucleotides, and (2) may further comprise a
sequence that is divergent between the two polynucleotides, sequence comparisons between two (or
more) polynucleotides are typically performed by comparing sequences of the two polynucleotides over a
“comparison window" to identify and compare local regions of sequence similarity.

A "comparison window", as used herein, refers to a conceptual segment of at least 20 contiguous
nucleotides and wherein the portion of the polynucleotide sequence in the comparison window may
comprise additions or deletions (i.e., gaps) of 20 percent or less as compared to the reference sequence
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(which does not comprise additions or deletions) for optimal alignment of the two sequences. Optimal
alignment of sequences for aligning a comparison window may be conducted by using local homology
algorithms or by a search for similarity method, by computerized implementations of these algorithms
(GAP, BESTFIT, FASTA, and TFASTA Genetics Software Package or by inspection, and the best
alignment (i.e., resulting in the highest percentage of homology over the comparison window) generated
by the various methods is selected.

The term "sequence identity" means that two polynucleotide sequences are identical (i.e., on a
nucleotide-by-nucleotide basis) over the window of comparison. The term "percentage of sequence
identity” means that two polynucleotide sequences are identical (i.e., on a nucleotide-by-nucleotide basis)
over the window of comparison. The term "percentage of sequence identity" is calculated by comparing
two optimally aligned sequences over the window of comparison, determining the number of positions at
which the identical nucleic acid base (e.g., A, T, C, G, U, or ) occurs in both sequences to yield the
number of matched positions, dividing the number of matched positions by the total number of positions in
the window of comparison (i.e., the window size), and multiplying the result by 100 to yield the percentage
of sequence identity. The terms "substantial identity" as used herein denote a characteristic of a
polynucleotide sequence, wherein the polynucleotide comprises a sequence that has at least 85 percent
sequence identity, e.g., at least 90 to 95 percent sequence identity, more usually at least 99 percent
sequence identity as compared to a reference sequence over a comparison window of at least 20
nucleotide positions, frequently over a window of at least 20-50 nucleotides, wherein the percentage of
sequence identity is calculated by comparing the reference sequence to the polynucleotide sequence
which may include deletions or additions which total 20 percent or less of the reference sequence over the
window of comparison.

As applied to polypeptides, the term "substantial identity" means that two peptide sequences,
when optimally aligned, such as by the programs GAP or BESTFIT using default gap weights, share at
least about 80% sequence identity, e.g., at least about 90% sequence identity, including at least about
95% percent sequence identity, or at least about 99% sequence identity.

A "protective immune response" and "prophylactic immune response” are used interchangeably to
refer to an immune response which targets an immunogen to which the individual has not yet been
exposed or targets a protein associated with a disease in an individual who does not have the disease,
such as a tumor associated protein in a patient who does not have a tumor.

A "therapeutic immune response" refers to an immune response which targets an immunogen to
which the individual has been exposed or a protein associated with a disease in an individual who has the
disease.

The term "prophylactically effective amount” is meant to refer to the amount necessary to, in the
case of infectious agents, prevent an individual from developing an infection, and in the case of diseases,
prevent an individual from developing a disease.

The term "therapeutically effective amount" is meant to refer to the amount necessary to, in the
case of infectious agents, reduce the level of infection in an infected individual in order to reduce

symptoms or eliminate the infection, and in the case of diseases, to reduce symptoms or cure the
individual.
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“Inducing an immune response against an immunogen"” is meant to refer to induction of an
immune response in a naive individual and induction of an immune response in an individual previously
exposed to an immunogen wherein the immune response against the immunogen is enhanced.

As used herein, "substantially pure” means an object species is the predominant species present
(i.e., on a molar basis it is more abundant than any other individual species in the composition), and may
be a substantially purified fraction is a composition wherein the object species comprises at least about 50
percent (on a molar basis) of all macromolecular species present. Generally, a substantially pure
composition will comprise more than about 80 percent of all macromolecular species present in the
composition, for example, more than about 85%, about 90%, about 95%, and about 99%. Min one
embodiment, the object species is purified to essential homogeneity (contaminant species cannot be
detected in the composition by conventional detection methods) wherein the composition consists
essentially of a single macromolecular species.

"Transfected," "transformed" or "transgenic” is used herein to include any host cell or cell line,
which has been altered or augmented by the presence of at least one recombinant DNA sequence. The
host cells of the present invention are typically produced by transfection with a DNA sequence in a
plasmid expression vector, as an isolated linear DNA sequence, or infection with a recombinant viral
vector.

As used herein, "pharmaceutically acceptable salts" refer to derivatives of the disclosed
compounds wherein the parent compound is modified by making acid or base salts thereof. Examples of
pharmaceutically acceptable salts include, but are not limited to, mineral or organic acid salts of basic
residues such as amines; alkali or organic salts of acidic residues such as carboxylic acids; and the like.
The pharmaceutically acceptable salts include the conventional non-toxic salts or the quaternary
ammonium salts of the parent compound formed, for example, from non-toxic inorganic or organic acids.
For example, such conventional non-toxic salts include those derived from inorganic acids such as
hydrochloric, hydrobromic, sulfuric, sulfamic, phosphoric, nitric and the like; and the salts prepared from
organic acids such as acetic, propionic, succinic, glycolic, stearic, lactic, malic, tartaric, citric, ascorbic,
pamoic, maleic, hydroxymaleic, phenylacetic, glutamic, benzoic, salicylic, sulfanilic, 2-acetoxybenzoic,
fumaric, toluenesulfonic, methanesulfonic, ethane disulfonic, oxalic, isethionic, and the like.

The pharmaceutically acceptable salts of the compounds useful in the present invention can be
synthesized from the parent compound, which contains a basic or acidic moiety, by conventional chemical
methods. Generally, such salts can be prepared by reacting the free acid or base forms of these
compounds with a stoichiometric amount of the appropriate base or acid in water or in an organic solvent,
or in a mixture of the two; generally, nonaqueous media like ether, ethyl acetate, ethanol, isopropanol, or
acetonitrile are preferred. Lists of suitable salts are found in Remington's Pharmaceutical Sciences, 17th
ed., Mack Publishing Company, Easton, PA, p. 1418 (1985), the disclosure of which is hereby
incorporated by reference.

The phrase "pharmaceutically acceptable” is employed herein to refer to those compounds,
materials, compositions, and/or dosage forms which are, within the scope of sound medical judgment,
suitable for use in contact with the tissues of human beings and animals without excessive toxicity,

irritation, allergic response, or other problem or complication commensurate with a reasonable benefit/risk
ratio.
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One diastereomer of a compound disclosed herein may display superior activity compared with
the other. When required, separation of the racemic material can be achieved by HPLC using a chiral
column or by a resolution using a resolving agent such as camphonic chloride as in Thomas J .Tucker, et
al., J. Med. Chem. 1994 37, 2437-2444. A chiral compound of Formula | may also be directly synthesized
using a chiral catalyst or a chiral ligand, e.g. Mark A. Huffman, et al., J. Org. Chem. 1995, 60, 1590-1594.

As used herein, "treating” or "treat" includes (i) preventing a pathologic condition from occurring
(e.g. prophylaxis); (ii) inhibiting the pathologic condition or arresting its development; (iii) relieving the
pathologic condition; and/or diminishing symptoms associated with the pathologic condition.

As used herein, the term "patient” refers to organisms to be treated by the methods of the present
invention. Such organisms include, but are not limited to, mammals such as humans. In the context of
the invention, the term "subject" generally refers to an individual who will receive or who has received
treatment (e.g., administration of a compound of the invention).

“Stable compound” and "stable structure” are meant to indicate a compound that is sufficiently
robust to survive isolation to a useful degree of purity from a reaction mixture, and formulation into an
efficacious therapeutic agent. Only stable compounds are contemplated by the present invention.

"Substituted” is intended to indicate that one or more hydrogens on the atom indicated in the
expression using "substituted" is replaced with a selection from the indicated group(s), provided that the
indicated atom's normal valency is not exceeded, and that the substitution results in a stable compound.
Suitable indicated groups include, e.g., alkyl, alkenyl, alkylidenyl, alkenylidenyl, alkoxy, hélo, haloalkyl,
hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino,
alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo,
alkyithio, alkylsulfinyl, alkylsulfonyl, cyano, NR*RY and/or COOR*, wherein each R* and R are
independently H, alkyl, alkenyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxy. When a substituent is
keto (i.e., =O) or thioxo (i.e., =S) group, then 2 hydrogens on the atom are replaced.

“Interrupted" is intended to indicate that in between two or more adjacent carbon atoms, and the
hydrogen atoms to which they are attached (e.g., methyl (CH,), methylene (CH,) or methine (CH)),
indicated in the expression using "interrupted” is inserted with a selection from the indicated group(s),
provided that the each of the indicated atoms' normal valency is not exceeded, and that the interruption
results in a stable compound. Such suitable indicated groups include, e.g., non-peroxide oxy (-O-), thio (-
S-), carbonyl (-C(=0)-), carboxy (-C(=0)0O-), imine (C=NH), sulfonyl (SO) or sulfoxide (SO,).

Specific and preferred values listed below for radicals, substituents, and ranges, are for illustration
only; they do not exclude other defined values or other values within defined ranges for the radicals and
substituents

"Alkyl" refers to a C1-C4g hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms. Examples are methyl (Me, -CH3), ethyl (Et, -CH2CH3), 1-propyl (n-Pr, n-propyl, -CH2CH2CH3), 2-
propy! (i-Pr, i-propyl, -CH(CH3)2), 1-butyl (n-Bu, n-butyl, -CH2CH2CH2CH3), 2-methyl-1-propyl (i-Bu, i-
butyl, -CH2CH(CH3)2), 2-butyl (s-Bu, s-butyl, -CH(CH3)CH2CH3), 2-methyl-2-propyl (t-Bu, t-butyl, -
C(CH3)3), 1-pentyl (n-pentyl, -CH2CH2CH2CH2CH3), 2-pentyl (-CH(CH3)CH2CH2CH3), 3-pentyl (-
CH(CH2CH3)2), 2-methyl-2-butyl (-C(CH3)2CH2CH3), 3-methyl-2-butyl (-CH(CH3)CH(CH3)2), 3-methyl-
1-butyl (-CH2CH2CH(CH3)2), 2-methyl-1-butyl (-CH2CH(CH3)CH2CH3), 1-hexyl (-
CH2CH2CH2CH2CH2CH3), 2-hexyl (-CH(CH3)CH2CH2CH2CH3), 3-hexyl (-
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CH(CH2CH3)(CH2CH2CH3)), 2-methyl-2-pentyl (-C(CH3)2CH2CH2CH3), 3-methyl-2-pentyl (-
CH(CH3)CH(CH3)CH2CH3), 4-methyl-2-pentyl (-CH(CH3)CH2CH(CH3)2), 3-methyl-3-pentyl (-
C(CH3)(CH2CH3)2), 2-methyl-3-pentyl (-CH(CH2CH3)CH(CH3)2), 2,3-dimethyl-2-butyl (-
C(CH3)2CH(CH3)2), 3,3-dimethyl-2-butyl (-CH(CH3)C(CH3)3.

The alkyl can optionally be substituted with one or more alkenyl, alkylidenyl, alkenylidenyl, alkoxy,
halo, haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxycarbonyl,
amino, imino, alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto,
thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*RY and/or COOR*, wherein each R* and R are
independently H, alkyl, alkenyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl. The alkyl can
optionally be interrupted with one or more non-peroxide oxy (-O-), thio (-S-), carbonyl (-C(=0)-), carboxy (-
C(=0)0-), sulfonyl (SO) or sulfoxide (SO,). Additionally, the alkyl can optionally be at least partially
unsaturated, thereby providing an alkenyl.

"Alkenyl" refers to a C2-C1g hydrocarbon containing normal, secondary, tertiary or cyclic carbon
atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp2 double bond. Examples include, but
are not limited to: ethylene or vinyl (-CH=CH,), allyl (-CH,CH=CH,), cyclopentenyl (-CsH;), and 5-hexenyl
(-CHz CH,CH,CH,CH=CH,).

The alkenyl can optionally be substituted with one or more alkyl, alkylidenyl, alkenylidenyl, alkoxy,
halo, haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxycarbonyl,
amino, imino, alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto,
thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*RY and/or COOR*, wherein each R* and R! are
independently H, alkyl, alkenyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl. Additionally, the
alkenyl can optionally be interrupted with one or more non-peroxide oxy (-O-), thio (-S-), carbonyl (-C(=0)-
), carboxy (-C(=0)0-), sulfonyl (SO) or sulfoxide (SO,).

"Alkylidenyl" refers to a C4-C18 hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms. Examples are methylidenyl (=CH2), ethylidenyl (=CHCH3), 1-propylidenyt (=CHCH2CH3),
2-propylidenyl (=C(CH3)2), 1-butylidenyl (=<CHCH2CH2CH3), 2-methyl-1-propylidenyl (=CHCH(CH3)2), 2-
butylidenyl (=C(CH3)CH2CH3), 1-pentyl (=CHCH2CH2CH2CH3), 2-pentylidenyl (=C(CH3)CH2CH2CH3),
3-pentylidenyl (=C(CH2CH3)2), 3-methyl-2-butylideny! (=C(CH3)CH(CH3)2), 3-methyl-1-butylidenyl
(=CHCH2CH(CH3)2), 2-methyl-1-butylidenyl (=CHCH(CH3)CH2CH3), 1-hexylidenyl
(=CHCH2CH2CH2CH2CH3), 2-hexylidenyl (=C(CH3)CH2CH2CH2CH3), 3-hexylidenyl
(=C(CH2CH3)(CH2CH2CH3)), 3-methyl-2-pentylidenyl (=C(CH3)CH(CH3)CH2CH3), 4-methyl-2-
pentylidenyl (=C(CH3)CH2CH(CH3)2), 2-methyl-3-pentylideny! (=C(CH2CH3)CH(CH3)2), and 3,3-
dimethyl-2-butylidenyl (=C(CH3)C(CH3)3.

The alkylidenyl can optionally be substituted with one or more alkyl, alkenyl, alkenylidenyl, alkoxy,
halo, haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxycarbonyl,
amino, imino, alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto,
thioxo, alkyithio, alkylsulfinyl, alkylsulfonyl, cyano, NR*RY and/or COOR*, wherein each R* and R’ are
independently H, alkyl, alkenyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl. Additionally, the
alkylidenyl can optionally be interrupted with one or more non-peroxide oxy (-O-), thio (-S-), carbonyl (-
C(=0)-), carboxy (-C(=0)0-), sulfonyl (SO) or sulfoxide (SOy).
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"Alkenylidenyl" refers to a C2-C1g hydrocarbon containing normal, secondary, tertiary or cyclic
carbon atoms with at least one site of unsaturation, i.e. a carbon-carbon, sp? double bond. Examples
include, but are not limited to: allylidenyl (=CHCH=CH,), and 5-hexenylidenyl (=CHCH,CH,CH,CH=CH,).

The alkenylidenyl can optionally be substituted with one or more alkyl, atkenyl, alkylidenyl, alkoxy,
halo, haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxycarbonyl,
amino, imino, alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto,
thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*R’ and/or COOR*, wherein each R* and R are
independently H, alkyl, alkenyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl. Additionally, the
alkenylidenyl can optionally be interrupted with one or more non-peroxide oxy (-O-), thio (-S-), carbonyl (-
C(=0)-), carboxy (-C(=0)0O-), sulfonyl (SO) or sulfoxide (SO,).

"Alkylene" refers to a saturated, branched or straight chain or cyclic hydrocarbon radical of 1-18
carbon atoms, and having two monovalent radical centers derived by the removal of two hydrogen atoms
from the same or different carbon atoms of a parent alkane. Typical alkylene radicals include, but are not
limited to: methylene (-CHj-) 1,2-ethyl (-CH,CH>-), 1,3-propyl (-CH,CH,CH,-), 1,4-butyl (-CH,CH,CH,CH-),
and the like.

The alkylene can optionally be substituted with one or more alkyl, alkenyl, alkylidenyl,
alkenylidenyl, alkoxy, halo, haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl,
alkanoyl, alkoxycarbonyl, amino, imino, alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*R’ and/or COOR*,
wherein each R* and R are independently H, alkyl, alkenyl, aryl, heteroaryl, heterocycle, cycloalkyl or
hydroxyl. Additionally, the alkylene can optionally be interrupted with one or more non-peroxide oxy (-O-),
thio (-S-), carbonyl (-C(=0)-), carboxy (-C(=0)0O-), sulfonyl (SO) or sulfoxide (SO,). Moreover, the
alkylene can optionally be at least partially unsaturated, thereby providing an alkenylene.

"Alkenylene" refers to an unsaturated, branched or straight chain or cyclic hydrocarbon radical of 2-
18 carbon atoms, and having two monovalent radical centers derived by the removal of two hydrogen atoms
from the same or two different carbon atoms of a parent alkene. Typical alkenylene radicals include, but are
not limited to: 1,2-ethylene (-CH=CH-).

The alkenylene can optionally be substituted with one or more alkyl, alkenyl, alkylidenyl,
alkenylidenyl, alkoxy, halo, haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl,
alkanoyl, alkoxycarbonyl, amino, imino, alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy,
carboxy, carboxyalkyl, keto, thioxo, alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*RY and/or COOR”,
wherein each R* and R’ are independently H, alkyl, alkenyl, aryl, heteroaryl, heterocycle, cycloalkyl or
hydroxyl. Additionally, The alkenylene can optionally be interrupted with one or more non-peroxide oxy (-
O-), thio (-S-), carbonyl (-C(=0)-), carboxy (-C(=0)0-), sulfonyl (SO) or sulfoxide (SO,).

The term "alkoxy" refers to the groups alkyl-O-, where alkyl is defined herein. Preferred alkoxy
groups include, e.g., methoxy, ethoxy, n-propoxy, iso-propoxy, n-butoxy, tert-butoxy, sec-butoxy, n-
pentoxy, n-hexoxy, 1,2-dimethylbutoxy, and the like.

The alkoxy can optionally be substituted with one or more alkyl, alkylidenyl, alkenylidenyl, halo,
haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxycarbonyl, amino,
imino, alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo,
alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*RY and COOR?, wherein each R* and R’ are independently
H, alkyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl.
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The term "aryl" refers to an unsaturated aromatic carbocyclic group of from 6 to 20 carbon atoms
having a single ring (e.g., phenyl) or multiple condensed (fused) rings, wherein at least one ring is
aromatic (e.g., naphthyl, dihydrophenanthrenyl, fluorenyl, or anthryl). Preferred aryls include phenyl,
naphthyl and the like.

The aryl can optionally be substituted with one or more alkyl, alkenyl, alkoxy, halo, haloalkyl,
hydroxy, hydroxyalkyl, heteroaryl, heterocycle, cycloalkyl, alkanoyl, alkoxycarbonyl, amino, imino,
alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo,
alkylthio, alkylsulfinyl, alkylsuifonyl, cyano, NR*R* and COOR*, wherein each R* and R’ are independently
H, alkyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl.

The term “cycloalkyl" refers to cyclic alkyl groups of from 3 to 20 carbon atoms having a single
cyclic ring or multiple condensed rings. Such cycloalky! groups include, by way of example, single ring
structures such as cyclopropyl, cyclobutyl, cyclopentyl, cyclooctyl, and the like, or multiple ring structures
such as adamantanyl, and the like.

The cycloalkyl can optionally be substituted with one or more alkyl, alkenyl, alkoxy, halo,
haloalkyl, hydroxy, hydroxyalkyl, aryl, heteroaryl, heterocycle, alkanoyl, alkoxycarbonyl, amino, imino,
alkylamino, acylamino, nitro, trifluoromethyl, trifluoromethoxy, carboxy, carboxyalkyl, keto, thioxo,
alkylthio, alkylsulfinyl, alkylsulfonyl, cyano, NR*RY and COOR*, wherein each R* and R’ are independently
H, alkyl, aryl, heteroaryl, heterocycle, cycloalkyl or hydroxyl. .

The cycloalkyl can optionally be at least partially unsaturated, thereby providing a cycloalkenyl.

The term "halo" refers to fluoro, chloro, bromo, and iodo. Similarly, the term "halogen” refers to
fluorine, chlorine, bromine, and iodine. '

"Haloalkyl" refers to alkyl as defined herein substituted by 1-4 halo groups as defined herein,
which may be the same or different. Representative haloalkyl groups include, by way of example,
trifluoromethyl, 3-fluorododecyl, 12,12,12-trifluorododecyl, 2-bromooctyl, 3-bromo-6-chloroheptyl, and the
like.

The term "heteroaryl" is defined herein as a monocyclic, bicyclic, or tricyclic ring system
containing one, two, or three aromatic rings and containing at least one nitrogen, oxygen, or sulfur atom in
an aromatic ring, and which can be unsubstituted or substituted, for example, with one or more, and in
particular one to three, substituents, like halo, alkyl, hydroxy, hydroxyalkyl, alkoxy, alkoxyalkyl, haloalkyl,
nitro, amino, alkylamino, acylamino, alkyithio, alkylsulfinyl, and alkylsulfonyl. Examples of heteroaryl
groups include, but are not limited to, 2H-pyrrolyl, 3H-indolyl, 4H-quinolizinyl, 4nH-carbazolyl, acridinyl,
benzo[b]thienyl, benzothiazolyl, B-carbolinyl, carbazolyl, chromenyl, cinnaolinyl, dibenzo[b,d]furanyl,
furazanyl, furyl, imidazolyl, imidizolyl, indazolyl, indolisinyl, indolyl, isobenzofuranyl, isoindolyl, isoquinolyl,
isothiazolyl, isoxazolyl, naphthyridinyl, naptho[2,3-b], oxazolyl, perimidinyl, phenanthridinyl,
phenanthrolinyl, phenarsazinyl, phenazinyl, phenothiazinyl, phenoxathiinyl, phenoxazinyl, phthalazinyl,
pteridinyl, purinyl, pyranyl, pyrazinyl, pyra