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(57) Abstract: The invention provides herpes virus nucleic acid
vectors for expressing sShRNAs in mammalian cells and thereby
silencing target genes. The vectors include (a) a heipes virus
packaging signal sequence; (b) a herpes virus origin of replica-
tion; (c) a segment expressing a light-emitting marker; and (d)
a transfer RNA promoter upstream of a restriction endonucle-
ase recognition sequence. A segment encoding an shRNA can
be cloned into the restriction endonuclease recognition sequence.
Thus, the invention also provides vectors containing: (a) a her-
pes virus packaging signal sequence; (b) a herpes virus origin
of replication; (c) a segment expressing a light-emitting marker;
and (d) a transfer RNA promoter linked to (e) a segment encod-
ing a short hairpin RNA (shRNA) that is adapted to degrade in
vivo to a small interference RNA (siRNA) that is complementary
to a segment of a target gene.
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EFFICIENT GENE SUPPRESSION USING A TRANSFER RNA
PROMOTER IN HERPES VIRUS VECTORS TO DELIVER SMALL
INTERFERENCE RNAS

Background

RNA interference has been shown to be an effective mechanism of gene
silencing (7). Tuschl and colleagues (6) showed that transfection of synthetic 21-
base-pair small interfering RNA (siRNA) duplexes into mammalian cells
efficiently inhibits endogenous gene expression in a sequence-specific manner.
These and other double-stranded RNAs complementary to mRNAs lead to
cleavage of mRNA at sites 21-23 nucleotides apart (29). Without continuous
production of the siRNAs in the cell, however, the inhibition of expression is
short-lived.

Brummelkamp et al'. (2) reported the use of plasmids in mammalian cells
that express short hairpin RNAs similar to the double-stranded siRNA. The
shRNAs inhibited target gene expression. The shRNA included a 19-nt sequence
derived from the target transcript, separated by a short spacer sequence (e.g., 6-nt)
from the reverse complement of the same 19-nt sequence. The resulting RNA
transcript is predicted to fold into a 19-base-pair stem loop structure. The shRNA
was transcribed from an H1 RNA polymerase III promoter (2). Paddison et al.
reported that shRNAs of about 70 nt in length and having a 22-29 base-pair (bp)
stem loop structure when added directly to cells inhibited expression of a target
mRNA complementary to one strand of the 22-29 base-pair stem (22). They also
reported cloning an shRNA-encoding sequence behind a U6 polymerase 11
promoter in a plasmid to silence a luciferase target gene (22). In that case the
shRNA had a 29-bp stem loop structure (22).

Short hairpin RNAs are thought to be processed by the Dicer enzyme into
siRNAs that hybridize to the mRNA of the target gene, inducing degradation of
the mRNA (1, 12).

Some of the more difficult cells to genetically modify are neuronal cells.
Neurons are postmitotic, and so cannot be stably transformed with vectors that
depend on cell division for their maintenance. Retroviral vectors may not depend
on cell division for maintenance, but they integrate into the host cell genome,

which can disrupt gene expression at the site of integration. New tools and
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methods for inhibiting target gene expression in neurons are needed. These will
be useful for studying gene function in neurons, screening for proteins that would
be suitable drug targets in neurons, and treating diseases of the brain and nervous

system.

Summary
The invention provides a herpes virus-based vector that expresses a light-

emitting marker such as green fluorescent protein (GFP), and that contains a
transfer RNA promoter, preferably the tRNA-valine promoter. The tRNA
promoter is preferably immediately upstream of a restriction site, into which a
sequence encoding a short hairpin RNA designed to silence expression of a target
gene in a cell can be inserted. The herpes virus-based vector is preferably a
herpes simplex virus 1 (HSV-1) vector. Herpes virus vectors infect many
mammalian cell types including non-dividing cells such as neurons. They infect
cells efficiently. And they can persist in neurons indefinitely. A light-emitting
marker such as GFP allows easy identification of infected cells, and allows easy
quantification of the amount of vector in a cell, so that the titer of the vector is
easily determined. Short hairpin RNA transcripts of the tRNA-valine promoter
are efficiently transcribed with accurate and consistent start and end points. The
shRNA transcripts of the tRNA-valine promoter are transported to the cytoplasm,
where they are efficiently processed by Dicer to generate siRNAs that silence the
target gene by binding to and causing the degradation of the mRNA transcript of
the target gene (12). It is shown here that these vectors efficiently infect neurons
in vitro and efficiently silence target genes.

Accordingly, one embodiment of the invention provides a recombinant
nucleic acid molecule containing: (a) a herpes virus packaging signal sequence;
(b) a herpes virus origin of replication; (c) a segment expressing a light-emitting
marker; and (d) a transfer RNA promoter upstream of a restriction endonuclease
recognition sequence.

Another embodiment of the invention provides a recombinant nucleic acid
molecule containing: (a) a herpes virus packaging signal sequence; (b) a herpes
virus origin of replication; (c) a segment expressing a light-emitting marker; and

(d) a transfer RNA promoter linked to (€) a segment encoding a short hairpin
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RNA (shRNA) that is adapted to degrade in vivo to a small interference RNA
(siRNA) that is complementary to a segment of a target gene.

Another embodiment of the invention is herpes virus particles containing a
recombinant nucleic acid molecule having: (a) a herpes virus packaging signal
sequence; (b) a herpes virus origin of replication; (c) a segment expressing a light-
emitting marker; and (d) a transfer RNA promoter upstream of a restriction
endonuclease recognition sequence.

Another embodiment of the invention is herpes virus particles containing a
recombinant nucleic acid molecule having: (a) a herpes virus packaging signal
sequence; (b) a herpes virus origin of replication; (¢) a segment expressing a light-
emitting marker; and (d) a transfer RNA promoter linked to (e) a segment
encoding a short hairpin RNA (shRNA) that is adapted to degrade in vivoto a
small interference RNA (siRNA) that is complementary to a segment of a target
gene.

Another embodiment of the invention provides a method of inhibiting
expression of a target gene in cells involving (i) transforming the cells with a
recombinant nucleic acid molecule that includes a segment encoding a short
hairpin RNA that is adapted to degrade in vivo to a small interference RNA
(siRNA) that is complementary to a segment of a target gene; and (ii) expressing
the shRNA in the cell. The recombinant nucleic acid molecule includes (a) a
herpes virus packaging signal sequence; (b) a herpes virus origin of replication;
(c) a segment expressing a light-emitting marker; and (d) a transfer RNA promoter
linked to the segment encoding the shRNA.

Another embodiment of the invention provides a method of treating a
neuronal disease in a mammal involving: (i) transforming neurons in the mammal
with herpes virus particles containing a recombinant nucleic acid molecule
containing: a segment encoding a short hairpin RNA (shRNA) that is adapted to
degrade in vivo to a small interference RNA (siRNA) that is complementary to a
segment of a target gene whose expression promotes the disease; and (ii)
expressing the shRNA in the neurons to decrease expression of the target gene.
The recombinant nucleic acid molecule includes (a) a herpes virus packaging
signal sequence; (b) a herpes virus origin of replication; (c) a segment expressing
a light-emitting marker; and (d) a transfer RNA promoter linked to the segment
encoding the shRNA.
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Another embodiment of the invention is a cell, e.g., a mammalian cell,
containing one of the recombinant nucleic acid molecules of the invention. The
cell can be a eukaryotic or a prokaryotic cell, e.g., a yeast cell or E. coli cell.

Another group of embodiments of the invention is particular siRNAs and
shRNAs, and nucleic acid molecules encoding them, that inhibit amyloid
precursor protein (APP) and APP binding protein (APP-BP1). APP and APP-BP1
are two proteins implicated in Alzheimer’s disease. One embodiment of the
invention is a recombinant nucleic acid comprising 5’ -
GGTAGATATCCAGGAGTATCT-3’ (SEQ ID NO:6), which is an siRNA against
APP-BP1. Another embodiment is a recombinant nucleic acid comprising 5’ -
GCTGATAAGA AGGCAGTTAT C-3’ (SEQ ID NO:9), which is an siRNA
against APP. Another embodiment of the invention is a recombinant nucleic acid
comprising
5’ ~ GCAGAAGATGTGGGTTCARAC-3’ (SEQ ID NO:15), which is another
siRNA against APP, designated APP1996 siRNA.

Brief Description of the Drawings
FIG. 1. Western blot showing that APP-BP1 shRNA suppresses specific

gene expression in primary neurons. Herpes virus vector expressing APP-BP1

shRNA or random sequence missense ShRNA infected rat primary neurons at 0.5
or 1 IU per cell. Infection lasted for 14 hours before cell lysis. Protein from total
lysates was resolved on an 8% SDS-PAGE gel and transferred to nitrocellulose
membrane, which was probed with BP339, a rabbit polyclonal antibody against
APP-BP1. Gamma-tubulin was used as a control in the western blots.

FIG. 2. Western blot showing APP shRNA virus suppressed APP
expression in rat primary neurons. Herpes virus vectors expressing APP shRNA
or a random sequence negative control sShRNA were used at 0.5 IU per cell for
infection. Proteins were analyzed on a 12% SDS-PAGE gel and blotted, and the
blot was probed with anti-APP antibody.

FIG. 3. Western blot showing rat endogenous APP was suppressed by
APP shRNA virus APP1996 at 1 IU per cell in primary neuronal culture. Neurons

were infected for 14 hours before lysis and protein analysis.

PCT/US2006/000586
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FIG. 4. Bar graph showing expression levels of AB42 and AB40 in neurons
expressing APP shRNA or APP-BP1 shRNA. Suppression of APP-BP1 protein
expression by APP-BP1 shRNA results in a strong increase of intracellular AB42.
Intracellular (from 50 pg protein) and secreted (from 1/15 volume of conditioned
medium) AB42 in primary neurons were determined by ELISA (left). Intracellular
(from 50 pg protein) and secreted (from 1/30 volume of conditioned medium)
AP40 in primary neurons were determined by ELISA (right). Cells expressed
APP695 from an HSV-1 virus vector, and were transformed in addition with no
vector, APP shRNA virus, APP-BP1 shRNA virus, or the random shRNA virus.
The amount of A in samples that expressed APP without any shRNA
interference was used as 100% to normalize. Data is representative of two
independent experiments.

FIG. 5. Western blot showing APP-BP1 siRNA expression was associated
with increases in APP C-terminal fragment levels in neuronal lysates. Equal
amounts of total protein from cell lysate were analyzed on a 16% Tris-tricine gel
and blotted to detect APP C-terminal fragment (CTF) using rabbit polyclonal
antibody 369 raised against amino acids 645-694 of APP695. A positive control
was cell lysates prepared from non-infected cells treated with the gamma-
secretase inhibitor L.685459. The first three lanes were from samples expressing
APP695. CHEMIGLOW from Alpha Innotech was used for the

chemiluminescence reaction.

Detailed Description

Definitions:

The term “small interference RNA” refers to a double-stranded RNA
molecule of about 17 to about 29 base pairs in length, one strand of which is
complementary to a target mRNA, that when added to a cell having the target
mRNA or produced in the cell in vivo, causes degradation of the target mRNA.
Preferably the siRNA is perfectly complementary to the target mRNA. But it may
have one or two mismatched base pairs.} The term “siRNA” is also sometimes
used herein to refer to the single strand of a double-stranded siRNA that is

complementary to a target mRNA, as will be clear from the context.
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The term “short hairpin RNA™ as used herein refers to an RNA molecule
that forms a stem-loop structure in physiological conditions, with a double-
stranded stem of about 17 to about 29 base pairs in length, where one strand of the
base-paired stem is complementary to the mRNA of a target gene. The loop of the
shRNA stem-loop structure may be any suitable length that allows inactivation of
the target gene in vivo. Preferably the loop is 3-30 nucleotides in length. More
preferably it is 3-9 nucleotides in length (28). The base paired stem may be
perfectly base paired or may have 1 or 2 mismatched base pairs. Preferably the
stem is perfectly base paired. The shRNA may have non-base-paired 5° and 3’
sequences extending from the base-paired stem. Typically, however, there is no
5’ extension. The first nucleotide of the ShRNA at the 5° end is a G, because this
is the first nucleotide transcribed by polymerase III. If G is not present as the first
base in the target sequence, a G may be added before the specific target sequence.
The 5° G typically forms a portion of the base-paired stem. Typically, the 3° end
of the shRNA is a poly U segment that is a transcription termination signal and
does not form a base-paired structure.

The term “herpes virus packaging signal sequence” is a nucleotide
sequence found in the herpes virus genome, or a sequence homologous to such a
sequence, that is necessary for a DNA molecule to be packaged by herpes virus
proteins into herpes virus particles. If the packaging signal sequence is only
homologous to a native herpes virus packaging signal sequence, preferably it is at
least 90% identical to a native herpes virus packaging signal sequence.

The term “origin of replication that functions in a mammalian cell” as used
herein refers to a nucleotide sequence that allows replication of an episomal
nucleic acid molecule in a mammalian cell and that includes the point at which
DNA replication of the nucleic acid molecule initiates in vivo in the mammalian
cell.

A “herpes virus origin of replication” as used herein is a nucleotide
sequence found in a herpes virus that is necessary for replication of the herpes
virus genome and that includes a point at which DNA replication is initiated in the
herpes virus, or a sequence homologous to the native sequence that can function to
support replication of a recombinant herpes virus and includes a point at which

replication is initiated. Preferably if the origin of replication is only homologous

PCT/US2006/000586
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to a native herpes virus origin of replication, it is at least 90% identical to the
sequence of a native herpes vitus origin of replication.

The term “tRNA promoter” as used herein refers to a nucleotide sequence
found in nature as a promoter for transcription of a transfer RNA in a mammal.
The term also includes a nucleotide sequence that is at least 90% identical to a
native tRNA promoter sequence and that is able to support transcription of a
transfer RNA in a recombinant system in a mammalian cell.

Nucleic acid sequences given herein contain T to denote thymidine. It is
understood that in RNA molecules corresponding to these sequences, the Ts are

replaced with Us (uridines).

Description:

The vectors of the invention are used to express sShRNAs that are
processed in a cell to siRNAs complimentary to a target gene. The siRNA can
hybridize to the mRNA of the target gene and thereby silence or reduce
expression of the target gene. The HSV vectors are particularly suited to use to
inhibit expression of target genes in neurons, and thus suited for investigation and
possible treatment of neuronal diseases through silencing target genes implicated
in neuronal diseases.

The vectors have been used to silence genes implicated in Alzheimer’s
disease (AD). Among the genes implicated in AD are the genes encoding amyloid
precursor protein (APP) and tau. AD is a progressive dementia associated with
certain neurological lesions including extracellular deposits of aggregated amyloid
B (AB) proteins, which are proteolytically derived from APP, and intracellular
neurofibrillary tangles in the brain (31). Tau is the major component of the
neurofibrillary tangles (20).

APP is a transmembrane receptor protein (31). Overexpression of APP in
primary neurons induces neuronal apopotosis (31). Down syndrome or trisomy 21
is characterized by early onset AD, and Down syndrome patients have an extra
copy of the APP gene with their third copy of chromosome 21 (31). This
suggests, along with the finding that overexpression of APP induces apoptosis of
primary neurons (31), that overexpression of wild type APP may lead to AD.
Several mutant forms of APP have also been linked to AD, including APPsw (20,
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32). A mutant form of tau, tauV337M, has also been linked to AD and other
neurological diseases (20, 33-35).

Another protein possibly involved in AD is the APP binding protein-1
(APP-BP1) (31). APP-BP1 was identified as a protein that interacts with the
cytoplasmic domain of APP (31). APP-BP1 was determined to be the regulatory
subunit for the NEDDS activating enzyme (36). APP-BP1 drives the S to M
transition in dividing cells and causes apoptosis in neurons (36, 37).

Certain embodiments of the invention involve methods to inhibit the
expression of APP, tau, or APP-BP1, including mutants thereof, in neurons or
other cells by expressing an shRNA in the cells.

The genes for presénilin 1 and 2 are also genetically linked to AD. Certain
mutant forms of presenilin 1 and 2 cause increases in AB-42, a form of amyloid .
Inhibiting the expression of wild-type presenilin 1 and 2 probably would not be
beneficial, because the presenilins process by proteolytic cleavage many
transmembrane proteins. But inhibiting expression of the mutant forms of
presenilin 1 and 2 by expressing shRNAs may be beneficial as a possible
treatment for AD.

The nucleic acid molecules of the invention can be engineered full-length
herpes virus vectors containing the bulk of the herpes virus genome. The wild-
type HSV-1 genome is approximately 150 kb, so this type of vector would
approach that size. More preferably, the nucleic acid molecules of the invention
are much smaller amplicons, having only a small number of herpes virus genes,
such as the packaging signal sequence and the herpes virus origin of replication.
No other herpes virus sequences need to be included in the vector, although they
can be. The smaller vectors are termed plasmids or amplicons. They can be, for
instance, 5-10 kb. They may be packaged into herpes virus particles with
coinfection of a helper virus or in cells harboring cosmids that provide packaging
functions in trans (15, 21).

In the recombinant nucleic acid molecules of the invention having a tRNA
promoter upstream of a restriction endonuclease recognition sequence, the tRNA
promoter is functionally linked to the restriction endonuclease recognition

sequence. That is, a sequence inserted into the restriction site can be transcribed
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from the promoter. Preferably, the restriction site is within 100 bp, preferably
within 20 bp, most preferably within about 10 bp of the promoter.

Preferably the restriction endonuclease recognition sequence is a 6-base
pair sequence. It may be alternatively be, e.g., an 8-bp sequence. A 4-bp
recognition sequence would be less preferable since such a sequence is likely to
be found elsewhere in the vector. Preferably the restriction site or sites for
cloning linked to the tRNA promoter are found only once in the vector.

The origin of replication for the recombinant nucleic acid molecules is a
herpes virus origin of replication. In preferred embodiments it is an HSV-1 origin
of replication.

In certain embodiments, the HSV-1 origin of replication is or includes the
HSV-1 OriS core region, which is nucleotides 6651-6849 of SEQ ID NO:1. (SEQ
ID NO:1 is an example of a vector of the invention.) In some embodiments, the
HSV-1 origin of replication is or includes the full OriS (18), nucleotides 6334-
7107 of SEQ ID NO:1. It has been shown that the flanking regions are not strictly
essential to function of the OriS core, but increase its activity in a plasmid vector
as much as 80 fold (26b). But the flanking regions could be replaced with
heterologous sequences, such as the cytomegalovirus immediate-early promoter
(26b).

The vectors may include an additional origin of replication that functions
in a mammalian cell, such as another viral origin of replication, e.g., an adeno-
associated virus origin of replication. The vectors may also include a bacterial
origin of replication to allow manipulation of the vector in E. coli or another
bacterium.

In preferred embodiments, the packaging signal sequence is an HSV-1
packaging signal sequence. An example of a minimal HSV-1 packaging signal
sequence is nucleotides 3418-3438 of SEQ ID NO:1, which is
5" -GGCAGCCCGGGCCCCCCGLCGG-3" (SEQ ID NO:2), or its complement 57 —
CCGCGGGGGGCCCGGGLCTGCC-3" (SEQ ID NO:3) (reference 5). SEQ ID NO:2
is also found at nucleotides 3817-3837 of SEQ ID NO:1. The complete alpha
sequence (packaging signal sequence, reference 24) of HSV-1 is nucleotides
3011-4021 of SEQ ID NO:1. Thus, in a particular embodiment, the packaging

signal sequence includes SEQ ID NO:2, or its complement. In another particular



15

20

25

30

WO 2006/076251 PCT/US2006/000586

embodiment, the packaging signal sequence includes nucleotides 3011-4021 of
SEQ ID NO:1, or its complement.

In preferred embodiments, the transfer RNA promoter is a tRNA"
promoter.

In preferred embodiments, the transfer RNA promoter is a human transfer
RNA promoter, e.g., a human tRNAY promoter. In a particular embodiment, the
tRNA"" promoter is or includes nucleotides 7-113 of SEQ ID NO:1.

In preferred embodiments, the light-emitting marker is green fluorescent
protein (GFP). The term “green fluorescent protein” or “GFP” as used herein
includes enhanced GFP and other variant forms of GFP. An example of a GFP-
encoding sequence is nucleotides 1507-2250 of SEQ ID NO:1.

In other specific embodiments, the light-emitting marker may be
luciferase. Emission of light from luciferase requires oxygen, ATP, and the
cofactor luciferin. Thus, if the light emitting marker is luciferase it is typically
necessary to add luciferin to the cells transformed with the nucleic acid in order to
generate light.

In particular embodiments of the invention, the recombinant nucleic acid
molecules are smaller than 15 kb. Plasmid or amplicon vectors of the invention
are typically smaller than 15 kb.

In other embodiments, the recombinant nucleic acid molecules of the
invention are at least 15 kb in size. Defective virus vectors are typically close to
the wild type herpes virus size and are much larger than 15 kb, e.g., approximately
150 kb.

In particular embodiments, the recombinant nucleic acid molecule includes
herpes virus nucleic acid sequences other than the packaging signal sequence and
a herpes virus origin of replication. Defective HSV-1 virus vectors, for instance,
include the majority of the HSV-1 genome.

In particular embodiments of the invention, the shRNA encoded by the
nucleic acid forms a stem-loop structure having a stem of 19 to 29 base pairs.
More preferably, the stem is 19 to 25 base pairs, more preferably still 19 to 23
base pairs, and most preferably about 21 base pairs. Polymerase III transcribes
short mRNAs accurately and efficiently (10).

The unpaired loop of the shRNA encoded by the nucleic acid molecules of

the invention is preferably about 3 to 9 nucleotides long, but may be any size that
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allows the shRNA to generate an siRNA in vivo that inhibits expression of the
target gene (28).

The vectors of the invention may be hybrid vectors that include at least
one segment of viral nucleic acid from a non-herpes virus. For instance, they may
include the Epstein-Barr virus segments oriP and EBNA-1 (26). A hybrid herpes
virus vector containing Epstein-Barr virus segments oriP and EBNA-1 is
described in reference 26. Those two segments allow vector episomal
maintenance in some cells and can assist in generating viral stocks of high titer
(26).

The vectors of the invention in some embodiments are hybrid vectors
containing at least two adeno-associated virus (AAV) terminal repeats (11). The
AAV terminal repeats may flank the expression cassette containing the tRNA
promoter linked to a restriction site or the shRNA-encoding sequence (11). This
facilitates replication and integration of the cassette in the host cell nucleus (11).

One embodiment of the invention is herpes virus particles containing the
recombinant nucleic acid molecules of the invention. In a preferred embodiment,
the virus particles are HSV-1 particles — i.e., they include HSV-1 capsid proteins.

The virus particles may be prepared by a process involving contacting host
cells with the recombinant nucleic acid molecule and with a herpes virus deletion
mutant. Detailed protocols for preparing herpes virus vector stocks with deletion
mutant helper viruses are provided in reference 15. One suitable HSV-1 helper
virus is D30EBA (9, 23). Other suitable HSV-1 helper viruses include those with
deletions in the [E3 gene, such as 5d/1.2 (14).

Herpes virus particles containing the recombinant nucleic acid molecules
of the invention can also be prepared by a helper-virus-free process. For
packaging recombinant molecules containing the HSV-1 packaging signal in
HSV-1 particles, the process can involve contacting host cells with a recombinant
nucleic acid molecule of the invention and harvesting viral particles produced by
the host cells; wherein the host cells carry one or more other recombinant nucleic
acid molecules (packaging nucleic acid molecules) collectively containing most of
the HSV-1 genome and lacking HSV-1 DNA cleavage/packaging signals. In this
case, the vector nucleic acid molecule and the packaging nucleic acid molecules

can simultaneously cotransform the host cells, or they can transform the host cells
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in any order. In a particular embodiment, the host cells carry the cosmid set
C6Aa48Aa (8).

One embodiment of the invention involves a method of inhibiting
expression of a target gene in cells involving transforming cells with a vector of
the invention containing a tRNA promoter linked to a segment encoding an
shRNA directed to the target gene, and expressing the shRNA in the cell.

In particular embodiments, the cells are neuronal cells.

In preferred embodiments, the cells transformed with the vectors are post-
mitotic cells, e.g., muscle cells or neuronal cells (38).

The cells may be transformed in vivo in a mammal or in vitro.

The cells may be transformed in vitro and then implanted into a mammal.

In particular embodiments, the shRNA is expressed in vivo in a mammal
to inhibit expression of the target gene.

In preferred embodiments, the recombinant nucleic acid to transform the
cells is encased in herpes virus capsid proteins to form herpes virus particles, and
the cells are transformed with the virus particles. Cells may also be transformed
with naked recombinant nucleic acids of the invention.

One of the advantages of having a segment expressing GFP or another
light-emitting marker in the vectors is that it allows fast and easy titration of the
amount of infectious particles or the amount of vector. Cells are infected with the
virus particles (or transformed with naked vector) and then the number of cells
emitting light or the amount of light emission (e.g., from GFP) is determined, e.g.,
by fluorescence microscopy.

Thus, in one embodiment of the method of inhibiting target gene
expression in host cells, the cells are transformed with a known quantity of virus
particles, wherein the quantity is determined by titrating the virus particles by
transforming cells with the virus particles and measuring light emitted (e.g.,
quantifying total light emitted or quantifying the number of cells emitting light).

In another embodiment of the method of inhibiting target gene expression
in host cells, the cells are transformed with a known quantity of a recombinant
nucleic acid molecule of the invention, wherein the quantity is determined by

titrating the recombinant nucleic acid molecules by transforming cells with the

12

PCT/US2006/000586



WO 2006/076251 PCT/US2006/000586

10

15

20

25

30

recombinant nucleic acid molecules and measuring light emitted (e.g., quantifying
total light emitted or quantifying the number of cells emitting light).

In specific embodiments of the method of inhibiting target gene
expression, the target gene is an APP, APP-BP1, or tau gene.

In particular embodiments, the target gene may be a mutant form of an
APP gene or tau gene associated with Alzheimer’s disease, e.g., APPsw (20, 32)
or tauV337M (20, 33-35).

In particular embodiments, the target gene is a mutant form of presenilin 1
or 2.

To target a mutant gene differentially from a wild—fype gene, an shRNA
should be designed to generate an siRNA having nucleotides specific for the
mutant form of the target gene located near the center of the siRNA, e.g., at
approximately nuleotides 9-13 of a 21-nucleotide siRNA (20).

Another embodiment of the invention is a method of treating a neuronal
disease in a mammal by transforming neurons in the mammal with herpes virus
particles containing a recombinant nucleic acid of the invention ekpressing an
shRNA, and expressing the shRNA in the neurons to decrease expression of a
target gene.

For instance, the disease may be brain cancer. Inhibiting expression of
target genes that promote survival of cancer cells with sShRNA expression may be
effective to treat brain cancer. Such target genes include PLK1 (25), p53 (27),
survivin (16), and the IGF-1 receptor.

In another embodiment, the neuronal disease is Alzheimer’s disease. This
may be treated by inhibiting the target genes tauV337M or APPsw with shRNA
from a vector of the invention (20).

Another group of embodiments of the invention is particular siRNAs and
shRNAs, and nucleic acid molecules encoding them, that inhibit amyloid
precursor protein (APP) and APP binding protein (APP-BP1). One embodiment
of the invention is a recombinant nucleic acid comprising 5’ -
GGTAGATATCCAGGAGTATCT-3" (SEQ ID NO:6), which is an siRNA against
APP-BP1, or the complement thereof. Another embodiment is an shRNA that
produces SEQ ID NO:6 as an siRNA, namely the shRNA 5’ -GGTAGA
TATCCAGGAG TATCTTCAAG AGAGATACTC CTGGATATCT ACCTTTTTT-
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37 (SEQ ID NO:12). (See Example 2 below.) Thus, one embodiment of the
invention is a recombinant nucleic acid comprising SEQ ID NO:12, or the
complement thereof.

Another embodiment of the invention is a recombinant nucleic acid
comprising 5’ ~-GCTGATAAGA AGGCAGTTAT C-3’ (SEQID NO:9), which
is an siRNA against APP, or the complement thereof. A more specific
embodiment is a recombinant nucleic acid comprising 5 ' -~GCTGAT
AAGAAGGCAG TTATCTCAAG AGGATAACTG CCTTCTTATC AGCTTTTTT-
3' (SEQ ID NO:13), or the complement thereof. SEQ ID NO:13 is an shRNA
that produces the siRNA SEQ ID NO:9 (Example 2 below).

Another embodiment of the invention is a recombinant nucleic acid
comprising 5’ ~ GCAGAAGATGTGGGTTCARAC-3’ (SEQ ID NO:15), which is
an is,iRNA against APP, or the complement thereof. A more specific embodiment
is a recombinant nucleic acid comprising 5’ -GCAGAAGATGTGGGTTCAAAC
TCAAGAGGTT TGAACCCACA TCTTCTGCTT TTT-3’(SEQ ID NO:16) or the
complement thereof. SEQ ID NO:16 is an shRNA that produces the siRNA SEQ
ID NO:15 (Example 2 below).

One embodiment of the invention provides a method of inhibiting
expression of amyloid precursor protein binding protein-1 (APP-BP1) in cells
involving: first, transforming the cells with a recombinant nucleic acid molecule
comprising: (a) a promoter linked to (b) a segment encoding a short hairpin RNA
(shRNA) that is adapted to degrade in vivo to a smaﬂ interference RNA (siRNA)
that is complementary to a segment of an APP-BP1 gene; and second, expressing
the shRNA in the cells.

In specific embodiments, the recombinant nucleic acid molecule further
comprises a herpes virus packaging signal sequence and a herpes virus origin of
replication.

In particular embodiments, the recombinant nucleic acid molecule further
comprises a segment encoding a light-emitting marker.

In specific embodiments, the promoter is a transfer RNA promoter.

The invention will now be illustrated by the following examples, which are

intended to illustrate the invention but not limit the scope thereof.
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Examples
Example 1
Construction of the shRNA vector pHSVGET.

To clone the tRNA-valine (tRNA"") promoter (12, 20) into the
Xhol/BamH1 sites in pGE-1 vector (from Stratagene), the following primers were
synthesized: Forward 5’ -CCCTCGAGCA GGACTAGTCT TTTAGGTCAA
AAAGAAGAAG CTTTGTAACC GTTGGTTTCC GTAGTGTA-3’ (tRNA-F; SEQ
ID NO:4) and Reverse 5’ ~CCGGATCCTT CGAACCGGGG ACCTTTCGCG
TGTTAGGCGA ACGTGATAAC CACTACACTA CGGAAACCAA C-3’ (tRNA-R;
SEQ ID NO:5). The primers were annealed to each other, digested with Xhol and
BamHI (the restriction sites are underlined), and ligated to the Xhol/BamHI-
digested pGE-1. The resulting plasmid was named pGET. pGET was digested
with Xho1/Sall to generate an approximately 370 bp fragment containing the
tRNA" promoter and BamH1/Xbal shRNA cloning sites. The fragment was
ligated into the HSV vector digested with Sall. The HSV vector was essentially
as described by Clark et al. (4). It is an HSV-1 packaging vector containing the
eGFP open reading frame. The resulting plasmid was an HSV-1 packaging
vector, and was named pHSVGET (SEQ ID NO:1).

To clone a particular shRNA sequence into pHSVGET, DNA
oligonucleotides encoding the shRNA and having BamHI and Xbal compatible
ends are annealed into BamHI/Xbal-cut pHSVGET. Positive shRNA clones are
first screened by colony PCR using a promoter-specific primer. Positive clones
identified this way are then sequenced. The shRNA construct was then packaged
into HSV-1 virus using 2-2 vero cell line and a replication-defective helper virus,
5dI1.2, according to reference 15. The shRNA virus is released from cells by
freeze-thaw and sonication. The crude virus preparation is purified by
centrifugation on a discontinuous sucrose gradient (15).

After the shRNA virus is packaged and purified, the titer (concentration of
viral stock) is determined by infecting rat embryonic cortical neurons in culture
with various dilutions of the viral stock, and determining whether cells are
infected by examining the neurons for eGFP fluorescence using a fluorescence

microscope.
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Example 2
Use of HSV-1 shRNA Amplicons to Reduce Expression of Amyloid Precursor
Protein and Binding Protein in Neurons

Introduction: Alzheimer’s disease is characterized by two brain anatomical
pathologies: senile plaques, which contain beta-amyloid derived from cleavage of
amyloid precursor protein (APP), and neurofibrillary tangles, which contain
filamentous tau protein. In this study, the processing of APP is characterized by
use of sShRNAs directed against APP or APP binding protein (APP-BP1).

Methods and Results:

A DNA encoding an shRNA to target the amyloid precursor protein
binding protein (APP-BP1) was designed to generate the siRNA 5’ -
GGTAGATATCCAGGAGTATCT-3’ (SEQ ID NO:6). The shRNA was designed
with the Invitrogen online ShRNA design program, BLOCK-IT™ RNAi Designer.
The whole sequence of the sense strand for APP-BP1 shRNA cloning is 5 ' -
GATCGGTAGA TATCCAGGAG TATCTTCAAG AGAGATACTC CTGGATATCT
ACCTTTTTT -3' (SEQID NO:7). The antisense strand for APP-BP1 shRNA

cloningis 5'~- CTAGAAARAA GGTAGATATC CAGGAGTATC TCTCTTGAAG
ATACTCCTG GATATCTACC -3' (SEQ ID NO:8). The predicted siRNA and
its reverse complement, which together form the stem of the stem-loop ShRNA
structure are underlined in the sense strand. The shRNA-encoding segment was
cloned into pHSVGET as described in Example 1. The amplicon was packaged
into virus particles as described in Example 1.

Likewise, a DNA encoding an shRNA to target the amyloid precursor
protein (APP) was designed to generate the siRNA 5’ ~GCTGATAAGA
AGGCAGTTAT C-3’ (SEQID NO:9). The whole sequence of the sense strand
for APPShRNA cloning is 5' -GATCGCTGAT AAGAAGGCAG TTATCTCAAG

AGGATAACTG CCTTCTTATC AGCTTTTTT-3' (SEQID NO:10). The

antisense strand for APPShRNA cloning is 5'- CTAGAAAAAA
GCTGATAAGA AGGCAGTTAT CCTCTTGAGA TAACTGCCTT CTTATCAGC-

3" (SEQID NO:11). The predicted siRNA and its reverse complement, which

together form the stem of the stem-loop shRNA structure are underlined in the top
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strand. The shRNA-encoding segment was cloned into pHSVGET as described in
Example 1. The amplicon was packaged into virus particles as described in
Example 1.

Primary neurons for the titration of the virus and for experimental assays
were plated at 2 to 2.5 x 10° per cm” density in poly-D-lysine-coated plates and
grown in Neural Basal Medium plus B27 supplements (Invitrogen), 1% fetal
bovine serum, 1% equine serum, and 1x of penicillin/streptomycin (Sigma).

For titration of the viral stocks, primary neurons were infected with
serially diluted viruses. For the experiment, primary neurons were infected at 1
infectious unit (IU) per cell of a vector expressing human APP-BP1. The cells
infected with the APP-BP1-expressing vector were also infected at 1 or 0.5
infectious unit per cell with APP-BP1 siRNA virus, or with a virus vector carrying
a 21-base-pair random sequence shRNA-encoding sequence (missense siRNA).
Protein lysates from the cells were resolved on a 7.5% SDS-PAGE gel and
transferred to nitrocellulose membrane, which was probed with BP339, a rabbit
polyclonal antibody against APP-BP1 (FIG. 1). The results show that the
amplicon encoding the APP-BP1 shRNA reduced expression of APP-BP1, while
the vector expressing the missense siRNA did not.

Primary neurons were also infected with 1 IU per cell of a vector
expressing human APP695 (a human brain isoform of APP) (APP695 HSV). The
cells infected with the APP695-expession vector were also infected with 0.5 TU
per cell of virus containing pHSVGET expressing APP shRNA (SEQ ID NO:10)
or the 21-base-pair random shRNA (Negative ShRNA). The vector expressing
APP shRNA reduced expression of APP while the negative shRNA did not (FIG.
2). APP protein was probed with the 369 antibody (gift from S. Gandy).

In another experiment, rat primary neurons were infected with 1 IU per
cell of virus containing pHSVGET expressing an APP shRNA designated
APP1996 or the 21-base-pair random siRNA (missense). APP1996 shRNA is
encoded by the sequence 5°-GATCC GCAGAAGATGTGGGTTCAAAC

TCAAGAGGTT TGAACCCACA TCTTCTGCTT TTT-3’(SEQID NO:14). The
underlined portion of SEQ ID NO:14 is the siRNA to be generated by the shRNA.
This shRNA is designed to suppress endogenous rat or human APP. Cell lysates
of the neurons were analyzed by SDS-PAGE and Western blotting. The Western

17
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blot stained with anti-APP antibody is shown in FIG. 3. APP1996 was found to
decrease endogenous rat APP expression as compared to the missense ShIRNA
(FIG. 3).

Non-specific cytotoxic effects were observed if the primary neurons were
infected at a higher multiplicity of infection with the APP shRNA or APP-BP1
shRNA vectors. The best specific results were obtained at 0.5 or 1 TU per cell.
Cytotoxic effect was also noted with the lentivirus-mediated siRNA delivery
vector (30).

The APP and APP-BP1 shRNAs did not induce an interferon-y (INF-vy)
response. No intracellular or secreted INF-y was detected by INF-y ELISA
(Biosource International) (data not shown). This indicates that the reduced protein
expression observed with the shRNA vectors is specific for the targeted genes and
is not caused by stress-induced global shutdown of gene transcription.
Confirming this interpretation, tubulin expression was constant in all cases (FIGS.
1 and 2).

To test the effect of APP-BP1 on production of beta-amyloid 40 and beta
amyloid 42 (AP40 and AB42), neurons were infected for 16 hours with APP695
HSV-1, along with APP-BP1 shRNA virus, APP shRNA virus (SEQ ID NO:13),
or a vector carrying the random shRNA (negative control), each at 1 IU per cell.
Intracellular (from 50 pg of protein) and secreted (from 1/15 or 1/30 volume of
medium) AB40 and AB42 were determined by ELISA.

When the endogénous APP-BP1 of the neurons was suppressed with APP-
BP1 shRNA, the intraneuronal AB42 was increased 19-fold (FIG. 4).
Intraneuronal AP40 was increased to a lesser extent (FIG. 4). AP40 and AB42
were increased in the medium to a lesser degree than in the cytoplasm (FIG. 4).
As a control, cells were infected with APP shRNA virus. This somewhat
decreased APB40 and AB42 levels.

Immunoblot analysis of lysates from primary neurons expressing APP-
BP1 shRNA showed an increase in C-terminal fragments (CTF) of APP (FIG. 5).
Primary rat neurons were infected with APP693, a vector to express human APP.
They were superinfected with a herpes vector expressing no shRNA, the APP-BP1
shRNA, or a random sequence irrelevant ShRNA (missense). Cell lysates were
analyzed by SDS-PAGE, blotted, and the blot probed with antibody 369, a rabbit
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polyclonal antibody raised against amino acids 645-694 of APP695 (gift from S.
Gandy). The APP-BP1 shRNA increased the amount of APP C-terminal
fragments. As a positive control, cells uninfected with the APP695 vector were
treated with the gamma-secretase inhibitor L685459. Gamma-secretase cleaves
APP to generate AP. Increases in APP C-terminal fragment are associated with
increases in Ap.

In neuronal cultures, it has been shown that synthetic AP provokes the
neurons to undergo apoptosis (19, 17). Thus, reducing AP levels may reduce the

symptoms of Alzheimer’s disease.

Conclusion:

These data show that expression of two proteins in neurons — APP and
APP-BP1 —is specifically inhibited by shRNAs targeted to their transcripts and
expressed from an HSV-1 vector. The data show that inhibition of APP-BP1 by
shRNA can result in a strong increase in AP production, especially Ap42,
indicating that a major physiological function of APP-BP1 in neurons is to
regulate APP processing. This finding that APP-BP1 regulates AP production or
APP processing came as a surprise because we were focusing on a signaling
hypothesis initiating from APP. Perhaps it should not be surprising, however,
because APP-BP1 participates in protein turnover by activating neddylation. We
have previously characterized an APP-BP1 binding protein, called ASPP2 (3),
which partially inhibits neddylation and partially protects neurons from APP-BP1
overexpression-induced neuronal death. In addition, APP-BP1 is subject to
several postranslational modifications, which may differentially modulate APP-

BP1 regulation of AP genesis.
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CLAIMS
What is claimed is:
1. A recombinant nucleic acid molecule comprising:
(a) a herpes virus packaging signal sequence;
(b) a herpes virus origin of replication;
(c) a segment expressing a light-emitting marker; and
(d) a transfer RNA promoter upstream of a restriction endonuclease

recognition sequence.

2. The recombinant nucleic acid molecule of claim 1 wherein the transfer
RNA promoter is within 100 bp upstream of the restriction endonuclease

recognition sequence.

3. The recombinant nucleic acid molecule of claim 1 wherein the transfer
RNA promoter is within 10 bp upstream of the restriction endonuclease

recognition sequence.

4. The recombinant nucleic acid molecule of claim 1 wherein the restriction

endonuclease recognition sequence is a 6-base-pair sequence.

5. The recombinant nucleic acid molecule of claim 1 that comprises SEQ ID
NO:1.

6. The recombinant nucleic acid molecule of claim 1 that consists of SEQ ID
NO:1.

7. A recombinant nucleic acid molecule comprising:

(2) a herpes virus packaging signal sequence;

(b) a herpes virus origin of replication;

(c) a segment expressing a light-emitting marker; and

(d) a transfer RNA promoter linked to (e) a segment encoding a short
hairpin RNA (shRNA) that is adapted to degrade in vivo to a small interference
RNA (siRNA) that is complementary to a segment of a target gene.
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8. The recombinant nucleic acid molecule of claim 7 wherein the origin of
replication comprises nucleotides 6651-6849 of SEQ ID NO:1, or the complement

thereof.

9. The recombinant nucleic acid molecule of claim 8 wherein the origin of
replication comprises nucleotides 6334-7107 of SEQ ID NO:1, or the complement
thereof.

10. The recombinant nucleic acid molecule of claim 7 wherein the packaging

signal sequence is an HSV-1 packaging signal sequence.

I1.  The recombinant nucleic acid molecule of claim 10 wherein the packaging

signal sequence comprises SEQ ID NO:2, or the complement thereof.

12. The recombinant nucleic acid molecule of claim 11 wherein the
recombinant nucleic acid molecule comprises nucleotides 3011-4021 of SEQ ID

NO:1, or the complement thereof.

13. The recombinant nucleic acid molecule of claim 7 wherein the transfer

RNA promoter is a tRNA" promoter.
14.  The recombinant nucleic acid molecule of claim 13 wherein the tRNA""!
promoter comprises nucleotides 7-113 of SEQ ID NO:1, or the complement

thereof.

15.  The recombinant nucleic acid molecule of claim 7 wherein the light-

emitting marker is green fluorescent protein (GFP).

16.  The recombinant nucleic acid molecule of claim 7 wherein the light-

emitting marker is luciferase.

17. The recombinant nucleic acid molecule of claim 7 wherein the molecule is

smaller than 15 kb.
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18. The recombinant nucleic acid molecule of claim 7 wherein the molecule is

at least 15 kb in size.

19.  The recombinant nucleic acid molecule of claim 18 wherein the molecule
comprises herpes virus nucleic acid sequences other than the packaging signal

sequence and the herpes virus origin of replication.

20. The recombinant nucleic acid molecule of claim 7 wherein the SIRNA

forms a stem-loop structure having a stem of 19 to 29 base pairs.

21. The recombinant nucleic acid molecule of claim 20 wherein the sShRNA

forms a stem-loop structure having a stem of 19 to 25 base pairs.

22.  The recombinant nucleic acid molecule of claim 7 further comprising at

least one segment of viral nucleic acid from a non-herpes virus.

23.  The recombinant nucleic acid molecule of claim 22 comprising the

Epstein-Barr virus segments oriP and EBNA-1.

24.  The recombinant nucleic acid molecule of claim 22 comprising at least

two adeno-associated virus inverted terminal repeat sequences.

25.  Herpes virus particles comprising the recombinant nucleic acid molecule

of claim 7.

26.  The virus particles of claim 25 wherein the virus particles are HSV-1
particles.

27.  The virus particles of claim 25 prepared by a process comprising:
contacting host cells with the recombinant nucleic acid molecule of claim
7 and with a herpes virus deletion mutant; and

harvesting viral particles produced by the host cells.
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28.  The virus particles of claim 27 wherein the viral particles are HSV-1 viral
particles and the deletion mutant is D30EBA.

29.  The virus particles of claim 27 wherein the viral particles are HSV-1 viral
particles and the deletion mutant is an HSV-1 deletion mutant with a deletion in

the IE2 gene.
30.  The virus particles of claim 25 prepared by helper-virus-free process.

31.  The virus particles of claim 30 prepared by a process comprising:

contacting host cells with the recombinant nucleic acid molecule of claim
7; and

harvesting viral particles produced by the host cells;

wherein the host cells carry one or more other recombinant nucleic acid
molecules collectively containing most of the HSV-1 genome and lacking HSV-1

DNA cleavage/packaging signals.

32.  The virus particles of claim 31 wherein the host cells carry the cosmid set

C6Aad8Aa.

33. A method of inhibiting expression of a target gene in cells comprising:
(i) transforming the cells with a recombinant nucleic acid molecule
comprising:
(a) a herpes virus packaging signal sequence;
(b) a herpes virus origin of replication;
() a segment expressing a light-emitting marker; and
(d) a transfer RNA promoter linked to (e) a segment encoding a
short hairpin RNA (shRNA) that is adapted to degrade in vivo to a
small interference RNA (siRNA) that is complementary to a
segment of a target gene; and

(i1) expressing the shRNA in the cells.

34, The method of claim 33 wherein the cells are neuronal cells.
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35. The method of claim 33 wherein the cells are transformed in vivo in a
mammal.
36. The method of claim 33 wherein the cells are transformed in vitro.

37.  The method of claim 33 wherein the shRNA is expressed in vivo in a

mammal to inhibit expression of the target gene.

38. The method of claim 33 wherein the recombinant nucleic acid to transform
the cells is encased in herpes virus capsid proteins to form herpes virus particles,

and the cells are transformed with the virus particles.

39.  The method of claim 38 wherein the cells are transformed with a known
quantity of the virus particles, wherein the quantity is determined by titrating the
virus particles by transforming cells with the virus particles and measuring light

emitted from the transformed cells by the visible marker.

40.  The method of claim 33 wherein the target gene is an APP or APP-BP1

gene.

41. The method of claim 33 wherein the target gene is an APP, APP-BP1, or

tau gene.

42.  The method of claim 41 wherein the target gene is a mutant form of an

APP gene or a tau gene associated with Alzheimer’s disease.
43.  The method of claim 42 wherein the target gene is APPsw or tauV337M.

44. A method of treating a neuronal disease in 2 mammal comprising:
(1) transforming neurons in the mammal with herpes virus particles
containing a recombinant nucleic acid molecule comprising:
(a) a herpes virus packaging signal sequence;

(b) a herpes virus origin of replication;
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(c) a segment expressing a light-emitting marker; and
(d) a transfer RNA promoter linked to (€) a segment encoding a
short hairpin RNA (shRNA) that is adapted to degrade in vivo io a
small interference RNA (siRNA) that is complementary to a
segment of a target gene whose expression promotes the disease;
and

(ii) expressing the shRNA in the neurons to decrease expression of the

target gene.

45.  The method of claim 44 wherein the disease is brain cancer.

46.  The method of claim 45 wherein the target gene is PLK1, p53, or survivin.
47. The method of claim 44 wherein the disease is Alzheimer’s disease.

48.  The method of claim 47 wherein the target gene is tauV337M or APPsw.
49. The method of claim 44 wherein the neurons are transformed with a
known quantity of the virus particles, wherein the quantity is determined by
titrating the virus particles by transforming cells with the virus particles and
quantifying light emitted from the transformed cells by the visible marker.

50. A cell comprising the recombinant nucleic acid molecule of claim 7.

51. A recombinant nucleic acid comprising 5’ -

GGTAGATATCCAGGAGTATCT-3’ (SEQ ID NO:6), or the complement thereof.
52.  The recombinant nucleic acid of claim 51 comprising 5’ ~GGTAGA
TATCCAGGAG TATCTTCAAG AGAGATACTC CTGGATATCT ACCTTTTTIT-

37 (SEQID NO:12), or the complement thereof.

53. A recombinant nucleic acid comprising 5’ ~-GCTGATAAGA
AGGCAGTTAT C-3' (SEQ ID NO:9), or the complement thereof.
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54,  The recombinant nucleic acid of claim 53 comprising 5 ' ~GCTGAT
AAGAAGGCAG TTATCTCAAG AGGATAACTG CCTTCTTATC AGCTTTTTT-
3' (SEQ ID NO:13), or the complement thereof.

55. A recombinant nucleic acid comprising 5’ -
GCAGAAGATGTGGGTTCAAAC-3’ (SEQ ID NO:15), or the complement

thereof.

56.  The recombinant nucleic acid of claim 55 comprising 5’ -

GCAGAAGATGTGGGTTCAAAC TCAAGAGGTT TGAACCCACA TCTTCTGCTT
TTT-3’ (SEQ ID NO:16), or the complement thereof.

57. A method of inhibiting expression of amyloid precursor protein binding
protein-1 (APP-BP1) in cells comprising:

(i) transforming the cells with a recombinant nucleic acid molecule
comprising: (a) a promoter linked to (b) a segment encoding a short hairpin RNA
(shRNA) that is adapted to degrade in vivo to a small interference RNA (siRNA)
that is complementary to a segment of an APP-BP1 gene; and

(ii) expressing the shRNA in the cells.
58. The method of claim 57 wherein the recombinant nucleic acid molecule
further comprises a herpes virus packaging signal sequence and a herpes virus

origin of replication.

59. The method of claim 58 wherein the recombinant nucleic acid molecule

further comprises a segment encoding a light-emitting marker.

60.  The method of claim 57 wherein the promoter linked to the segment
encoding a shRNA is a transfer RNA promoter.
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EFFICIENT GENE SUPPRESSION USING A TRANSFER RNA PROMOTER IN

HERPES VIRUS VECTORS TO DELIVER SMALL INTERFERENCE RNAS
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<150>
<151>

<160>
<170>
<210> 1

<211> 7354
<212> DNA
<213> Arti

<220>
<223>

<400> 1
gtcgagcagg

agtgtagtgg
cttgaattcg

110.

uUs 6
2005

16

ggcggecget
gaatgcagtg
ccattataag
ttcaggggga
tcgataagga
tcaatattgg
ttggctcatg
aatcaattac
cggtaaatgg
cgtatgttcc
tacggtaaac
ttgacgtcaa
actttcctac
tttggcagta
accccattga

gtcgtaataa

ooewol

0/643,065
-01-11

ficial

PHSVGET plasmid

actagtcttt
ttatcacgtt
actctagatt
tcgagcagac
aaaaaaatgc
ctgcaataaa
gatgtgggag
tcttcaatat
ctattggcca
tccaatatga
ggggtcatta
ccecgectgge
catagtaacg
tgcccacttg
tgacggtaaa
ttggcagtac
caccaatggg
cgtcaatggg

ccccgceccag

PatentIn version 3.3

taggtcaaaa
cgcctaacac
ttttggaatg
atgataagat
tttatttgtg
caagttaaca
gttttttaaa
tggccattag
ttgcatacgt
ccgccatgtt
gttcatagcc
tgaccgccca
ccaataggga
gcagtacatc
tggcccgect
atctacgtat
cgtggatagc
agtttgtttt

ttgacgcaaa

agaagaagct
gcgaaaggtc
gtrtttrttttt
acattgatga
aaatttgtga
acaacaattg
gcaagtaaaa
ccatattatt
tgtatctata
ggcattgatt
catatatgga
acgacccccg
ctttccattg
aagtgtatca
ggcattatgc
tagtcatcgc
aatttgactc

ggCaccCaaaa

tgggcggtag
Page

ttgtaaccgt
cccggttcga
tacaccacat
gtttggacaa
tgctattgct
cattcatttt
cctctacaaa
cattggttat
tcataatatg
attgactagt
gttccgegtt
cccattgacg
acgtcaatgg
tatgccaagt
ccagtacatg
tattaccatg
acggggattt

tcaacgggac

gcgtgtacgg
1

tggtttccgt
aggatcccag
cgtcgacccg
accacaacta
ttatttgtaa
atgtttcagg
tgtggtaaaa
atagcataaa
tacatttata
tattaatagt
acataactta
tcaataatga
gtggagtatt
ccgcecccta
accttacggg
gtgatgcggt
ccaagtctcc

tttccaaaat

tgggaggtct

60
120
180
240
300
360
420
480
540
600
660
720
780
840
900
960

1020
1080
1140
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atataagcag
atcacagtta
gcagaagttg
gagaccaata
ctattggtct
attacagctc
gccaccatgg
ctggacggeg
cacctacggc
gcccaccctce
catgaagcag
catcttcttc
caccctggtg
ggggcacaag
gaagaacggc
gctcgecgac
caaccactac
catggtcctg
caagtccgga
tacattgatg
gaaatttgtg
aacaacaatt
agcaagtaaa
ggtcgctacc
ctgcccgtat
atgttcggtt
ccgatttggce
gctatttctc
ggaacttgtt
caaataaagc

gtttatttcg

agctcgttta
aattgctaac
gtcgtgaggc
gaaactgggc
tactgacatc
ttaaggctag
tgagcaaggg
acgtaaaacg
aagctgaccc
gtgaccaccc
cacgacttct
aaggacgacg
aaccgcatcg
ctggagtaca
atcaaggtga
cactaccagc
ctgagcaccc
ctggcgttcg
ctcagatcca
agtttggaca
atgctattgc
gcattcattt
acctctacaa
attaccagtt
ttcgcgtaag
tattcttttt
tacatgacat
tgttctcget
tattgcagct
atttttttca

taaaaaaagt

gtgaaccgtc
gcagtcagtg
actgggcagg
ttgtcgagac
cactttgcct
agtacttaat
cgaggagctg
gccacaagtt
tgaagttcat
tgacctacgg
tcaagtccgc
gcaactacaa
agctgaaggg
actacaacag
acttcaagat
agaacacccc
agtccgcect
tgaccgccgce
ccggatctag
aaccacaact
tttatttgta
tatgtttcag
atgtggtaaa
ggtctggtgt
gaaatccatt
cttttacttt
caaccatatc
attattccaa
tataatggtt
ctgcattcta

gacgtaagat
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agatcactag
cttctgacac
taagtatcaa
agagaagact
ttctctecac
acgactcact
ttcaccgggg
cagcgtgtcc
ctgcaccacc
cgtgcagtgc
catgcccgaa
gacccgcgec
catcgacttc
ccacaacgtc
ccgecacaac
catcggcgac
gagcaaagac
cgggatcact
gggcggecgce
agaatgcagt
accattataa
gttcaggggy
atcgataagg
Ccaaaaataat
atgtactatt
tttatcatgg
agcaaaagtg
ccgctgtttg
acaaataaag
tgtttatttc
gttgtggttg

Page

aagctttatt
aacagtctcg
ggttacaaga
cttgcgtttc
aggtgtccac
ataggctagc
tggtgcccat
ggcgagggeg
ggcaagctgce
ttcagccget
ggctacgtcc
gaggtgaagt
aaggaggacg
tatatcatgg
atcgaggacg
ggccccgtgce
cccaacgaga
ctcggcatgg
ttcgagcaga
gaaaaaaatg
gctgcaataa
agatgtggga
atcaattcca
aataaccggg
taaaaaacac
gagcctactt
atacgggtat
gtctgcttte
caatagcatc
gttatcgtag
tccaaactca

2
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gcggtagttt
aacttaagct
caggtttaag
tgataggcac
tcccagttca
gctaccggtc
cctggtcgag
agggcgatgce
ccgtgccctg
accccgacca
aggagcgcac
tcgagggcga
gcaacatcct
ccgacaagca
gcagcgtgeca
tgctgcccga
agcgcgatca
acgagctgta
catgataaga
ctttatttgt
acaagttaac
ggttttttaa
gctgagcgec
caggccatgt
aaacttttgg
cccgtttttc
tatttttgec
tgacaaactc
acaaatttca
tgtttaaagt

tcaatgtatc

1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
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ttatcatgtc
ccccgaggga
agggctgggg
ggggagggct
gcggtgtgtt
aggaacagga
gtggatgacg
agccegggec
gtgcgegege
aggagcgggg
aggagcgggg
aggagcgggg
aggagcgggg
gggggtcgceg
agactagcga
aactctacca
ccecgecgecc
cgagctcgaa
aatgtcatga
ggaaccccta
taaccctgat
cgtgtcgecce
acgctggtga
ctggatctca
atgagcactt
gagcaactcg
acagaaaagc
atgagtgata
accgcttttt
ctgaatgaag
acgttgcgca
gactggatgg

tggatctctg
gcgcgggacg
€cggggaggg
ggggctgggg
gcgccggggt
gttgttgecge
tgacgtgtga
cceccgegggce
gcggcgygygcg
ggaggagcgg
ggaggagcgg
ggaggagcgg
ggaggagcgg
cgcggeccctt
gttagacagg
cccecggeacg
ccggecgecce
ttaattcttg
taataatggt
tttgtttatt
aaatgcttca
ttattccctt
aagtaaaaga
acagcggtaa
ttaaagttct
gtcgccgeat
atcttacgga
acactgcggc
tgcacaacat
ccataccaaa
aactattaac

aggcggataa

acctgagatt
cgccggggag
ctggggecgg
agggctgggg
acgtctggag
ggtgagttgt
cgtgcggagt
gcgegegege
tggggggcygy
ggggaggagc
ggggaggagc
ggggaggagc
ccagacgccg
taaagcgatg
caagcactac
ctctctgtct
gggcccacgg
ddgacgaaag
ttcttagacg
tttctaaata
ataatattga
ttttgcggca
tgctgaagat
gatccttgag
gctatgtggc
acactattct
tggcatgaca
caacttactt
gggggatcat
cgacgagcgt
tggcgaacta

agttgcagga
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ggcggcactg
ggctggggcec
ggagggctgg
ctggggagag
gagcgggagg
cgctgtgagt
gcgcegtgcet
gcaaaaaagg
ggccgeggga
gggggdgagga
ggggggagga
ggggggagga
aaaacgggcc
gcggcgggca
tcgectetge
ccatggcccg
gcgeccgteec
ggcctcgtga
tcaggtggca
cattcaaata
aaaaggaaga
ttttgccttc
cagttgggtg
agttttcgec
gcggtattat
cagaatgact
gtaagagaat
ctgacaacga
gtaactcgcc
gacaccacga
cttactctag

ccacttctgce
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aggtagagat
ggggagggct
ggccggggag
ggcggtggty
tgcgcggtga
tgtgttgttg
ctgttggttt
cgggcggcgg
dgcggggggag
gcggggggag
gcggggggag
gcggggggag

ccccccaaaa
gcccgggecc
acgcacatgc
écgccgccgc
aaccgcacag
tacgcctatt
cttttcgggg
tgtatccgcet
gtatgagtat
ctgtttttgc
cgcgagtggg
ccgaagaacg
cccgtgttga
tggttgagta
tatgcagtgc
tcggaggacc
ttgatcgttg
tgcctgecage
cttcccggea

gctcggeect
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gcccgaaccc

ggggccgyggg
ggctggggcc
tgtagcagga
cgtgtggatg
ggcgggtgtg
cacctgtggc
‘tccgggeggce
gagcgggggg
gagcgggggg
gagcggggag
9gagcgggggg

cacacccccce
cccgeggecg
ttgcctgtca
catcgcggcec
tcccaggtaa
tttataggtt
aaatgtgcgc
catgagacaa
tcaacatttc
tcacccagaa
ttacatcgaa
ttttccaatg
cgccgggcaa
ctcaccagtc
tgccataacc
gaaggagcta
ggaaccggag
aatggcaaca
acaattaata

tccggetgge

3060
3120
3180
3240
3300
3360
3420
3480
3540
3600
3660
3720
3780
3840
3500
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
4740
4800
4860
4920
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tggtttattg
ctggggccag
actatggatg
taactgtcag
tttaaaagga
gagttttcgt
cctttttttc
gtttgtttgc
gcgcagatac
tctgtagcac
ggcgataagt
cggtcgggcet
gaactgagat
gcggacaggt
gggggaaacg
cgatttttgt
tttttacggt
cctgattctg
cgaacgaccg
tttctcctta
tgctctgatg
tggctgcgcec
zggcatccge
zaccgtcatc
zggcacgccg
lgccatctge
:ctcattacc
-:agggggcgg
jcgccegttg
\€ggcgggcyg

‘gccccaagg

ctgataaatc
atggtaagcc
aacgaaatag
accaagttta
tctaggtgaa
tccactgagc
tgcgcgtaat
cggatcaaga
caaatactgt
cgcctacata
cgtgtcttac
gaacgggggg
acctacagcg
atccggtaag
cctggtatct
gatgctcgtc
tcctggectt
tggataaccg
agcgcagcga
cgcatctgtg
ccgcatagtt
ccgacacccg
ttacagacaa

accgaaacgc

ggggcccgtg
catgggcggg
gcccgatccg
ggcccgggcec
gccgtceccg

gcccaagggce

gggcggggcec

tggagccggt
ctcecegtatc
acagatcgct
ctcatatata
gatccttttt
gtcagacccc
ctgctgcttg
gctaccaact
ccttctagtg
cctegcetctg
cgggttggac
ttcgtgcaca
tgagctatga
cggcagggtc
ttatagtcct
49g999g99cgg
ttgctggect
tattaccgcc
gtcagtgagc
cggtatttca
aagccagtat
ccaacacccg
gctgtgaccyg
gcgaggcagc
gcegeggecc
gcgcgagggce
gcggtttccg
ccgactteccc
ggcccecegg
cgcccgectt

gccgggtaaa
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gagcgtgggt
gtagttatct
gagataggtg
ctttagattg
gataatctca
gtagaaaaga
Caaacaaaaa
ctttttccga
tagccgtagt
ctaatcctgt
tcaagacgat
cagcccagct
gaaagcgcca
ggaacaggag
gtcgggtttc
agcctatgga
tttgctcaca
tttgagtgag
gaggaagcgg
caccgcatat
acactccgct
ctgacgcgcc
tctccgggag
cggccattat
gttggtcgaa
gggtgggtcc
cttcecgttece
ggttcggcgg
tcececgeccge
gccgeccccc
agaagtgaga

Page

ctcgcggtat
acacgacggg
cctcactgat
atttaaaact
tgaccaaaat
tcaaaggatc
aaccaccgct
aggtaactgg
taggccacca
taccagtggce
agttaccgga
tggagcgaac
cgcttcccga
agcgcacgag
gccacctctg
aaaacgccag
tgttctttce
ctgataccgc
aagagvgcct
ggtgcactct
atcgctacgt
ctgacgggct
ctgcatgtgt
gcacgacccc
ccececeggecec
gcgececegee
gcatgctaac
taatgagata
cggacgccgg
cattggccgg
acgcgaagcg
4
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cattgcagca
gagtcaggca
taagcattgg
tcatttttaa
cccttaacgt
ttcttgagat
accagcggtg
cttcagcaga
cttcaagaac
tgctgccagt
taaggcgcag
gacctacacc
agggagaaag
ggagcttcca
acttgagcgt
caacgcggcc
tgcgttatcc
tcgececgeage
gatgcggtat
cagtacaatc
gactgggtca
tgtctgctcec
cagaggtttt
gccececgacgce
cgcccatcecg
ccgcatggca
gaggaacggg
cgagvvvvgc
gaccaacggg
cgggcgggac
ttcgcacttc

4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720
6780
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gtcccaatat
cgcecggeccce
cccggegega
cacgcggacc
acgccccggce
acccgcececac
acccaccggt
cgcgggggtg
gggggacgcg
cgtgccttcc

<210> 2

<211> 21
<212> DNA
<213>

<400> 2
ggcagcccgg

<210> 3
<211> 21
<212> DNA
<213>

<400> 3
€cgcggggag

<210> 4
<211> 68
<212> DNA
<213>

<220>
<223>

<400> 4

atatatatta
gggggcgggc
ccgacgcccg
gggagcggga
tcgggatcgg
cccacccacg
ccgecttttt
gaggaggggyg
ggggcggagg
cgcaggagga

Herpes simplex

gcceecccgeg

Herpes simplex

cccgggcetgce

artificial

primer

ttagggcgaa
c€cgggcggcyg
cagacggcgc
gtcgcagagg
gatcgcatcg
aaacacaggg
tgcacgggta
gacgcgggyag

aggggdggacg
acgtcctcgt

virus-1

virus-1

110.006wol
gtgcgagcac tggcgecgtg

gggggcgggt ctctccggeg
cggccacgaa cgacgggagce
gccgtcggag cggacggegt
gaaagggaca cgcggacgcg
gacgcacccc gggggcctcec
agcaccttgg gtgggcggag
€ggaggaggg gggacgcggg

€gggggcgga ggagggggcet
cgat
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cccagcetccg
cacataaagg
ggctgcggag
cggcatcgceg
ggggggaaag
gacgacagaa
gaggggggga
ggcggaggag
cacccgegtt

ccctcgagca ggactagtct tttaggtcaa aaagaagaag ctttgtaacc gttggtttcc

gtagtgta

<210> 5

<211> 71
<212> DNA
<213>

<220>
<223>

<400> 5

ccggatcctt cgaaccgggg acctttcgeg tgttaggcga acgtgataac cactacacta

artificial

primer

Page 5

6840
6900
6960
7020
7080
7140
7200
7260
7320
7354

21

21

60
68

60
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110.006wol

cggaaaccaa C 71

<210> 6

<211> 21

<212> DNA

<213> artificial

<220>
<223> APP-BPLl siRNA

<400> 6
ggtagatatc caggagtatc t 21

<210> 7

<211> 59

<212> DNA

<213> artificial

<220> .
<223> primer

<400> 7
gatcggtaga tatccaggag tatcttcaag agagatactc ctggatatct acctttttt 59

<210> 8

<211> 59

<212> DNA

<213> artificial

<220>
<223> primer

<400> 8
ctagaaaaaa ggtagatatc caggagtatc tctcttgaag atactcctgg atatctacc 59

<210> 9

<211> 21

<212> DNA

<213> artificial

<220>
<223> APP SiRNA

<400> 9
gctgataaga aggcagttat c 21

<210> 10

<211> 59

<212> DNA

<213> artificial

<220>
<223> primer

<400> 10
gatcgctgat aagaaggcag ttatctcaag aggataactg ccttcttatc agetttttt 59

Page 6



<210>
<211>
<212>
<213>

<220>
<223>

<400>
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11
59
DNA
artificial
primer

11

ctagaaaaaa gctgataaga aggcagttat cctcttgaga taactgcctt cttatcagc

<210>
<211>
<212>
<213>

<220>
<223>

<400>

12

55

DNA
artificial

APP-BP1 shRNA
12

ggtagatatc caggagtatc ttcaagagag atactcctgg atatctacct ttttt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

13

55

DNA
artificial

APP shRNA
13

gctgataaga aggcagttat ctcaagagga taactgcctt cttatcagct ttttt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

14

59

DNA
artificial

APP1996 shRNA sense strand
14

gatccgcaga agatgtgggt tcaaactcaa gaggtttgaa cccacatctt ctgcttttt

<210>
<211>
<212>
<213>

<220>
<223>

<400>

15

21

DNA
artificial

APP1996 siRNA
15

gcagaagatg tgggttcaaa c

<210>
<211>

16
54
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59

55

55

59

21



<212>
<213>

<220>
<223>

<400>

gcagaagatg tgggttcaaa ctcaagaggt ttgaacccac atcttctgct tttt

WO 2006/076251

DNA_ L
artificial

APP1996 shRNA
16
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