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METHODS FOR MODULATING THE
EXPRESSION AND AGGREGATION OF A
CAG-EXPANDED GENE PRODUCT IN CELLS
AND METHODS FOR IDENTIFYING AGENTS
USEFUL FOR DOING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application is a divisional of U.S. patent application
Ser. No. 13/110,494, filed May 18, 2011, which claims pri-
ority under 35 U.S.C. §119(a) on Patent Application No(s).
099143336 filed in Taiwan, Republic of China, on Dec. 10,
2010, the entire contents of which are hereby incorporated by
reference.

SEQUENCE LISTING
This invention contains sequence listing.

FIELD OF THE INVENTION

This invention relates to methods for modulating the
expression of genes containing expanded CAG repeats in
cells. This invention also provides methods for modulating or
preventing polyglutamine-mediated protein aggregation, as
well as methods for identifying agents useful in practicing
said modulating methods.

BACKGROUND OF THE INVENTION

Polyglutamine (PolyQ) diseases are a class of diseases
consisting of nine genetically distinct disorders. They include
Huntington’s disease (HD), dentatorubral-pallidoluysian
astrophy (DRPLA), SBMA and spino-cerebellar ataxia 1, 2,
3,6,7 and 17 (SCA1/2/3/6/7/17). Because these diseases are
caused by the expansion of a translated CAG repeats that
codes for the glutamines, they are also known as CAG repeat
diseases.

One common physiological characteristic shared among
these genetically distinct diseases is that patients who suffer
from the diseases are all found to have proteinaceous deposits
in their brains. Although in each of these diseases, the pro-
teinaceous deposit is associated with a different protein, the
proteins all contain an expanded stretch of glutamines. To
date, this expanded stretch of polyQ sequence in the disease-
related proteins is the only known genetic mutation impli-
cated in all the polyQ diseases.

In general, the number of CAG repeats in genes can range
from a benign number of less than 36 to a pathological num-
ber of 37 or more. The larger number of CAG repeats are
thought to correlate to pathological phenotypes because pro-
teins and polypeptides that contain a long stretch of
glutamines have an inherit propensity to form amyloid-like
fibrils (polymerization of protein aggregates with [-sheet
structure) in vitro (Scherzinger et al., 1997), and mutant pro-
teins with an expanded polyQ tract are thought to result in a
distinct protein conformation that leads to aggregation and
eventual neuronal cell death (Zoghbi and Orr, 2000).

In human, expanded polyQQ mutant proteins are expressed
widely in cells of the central nervous system (CNS), however,
in each different disease, a specific population of neurons is
more vulnerable than others. Consequently, the difference in
vulnerability results in characteristic patterns of neurodegen-
eration and clinical features for each of the nine different
diseases. The severity of the disease may correlate to the
number of CAG repeats. For example, in HD, CAG repeat
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numbers between 28-35 are considered to be intermediate,
35-40 are considered reduced penetrance, and repeat num-
bers greater than 40 are considered to be full penetrance.
Table 1 lists eight diseases caused by the expanded CAG
repeats, the affected genes, and their defining pathogenic
repeat length. SCAG is not included in this list because unlike
other polyQ diseases, the length of CAG repeat in SCAG6 is not
a determining factor for the age that symptoms begin to
present. Pathological repeat length in SCA6 is also much
shorter than the other polyQ diseases, where a number
between 21-30 is sufficient to cause pathological phenotype.

TABLE 1
Gene name/ Pathogenic
Disease protein product  repeat length
Spinocerebellar ataxia SCA1l SCA1l/ataxin 1 40~82
type 1
Spinocerebellar ataxia SCA2 SCA2/ataxin 2 32~200
type 2
Spinocerebellar ataxia SCA3(MID) SCA3/ataxin 3 61~84
type 3
Spinocerebellar ataxia SCA7 SCA7/ataxin 7 37~306
type 7
Spinocerebellar ataxia type SCA17 SCA17/TBP 47~63
17
Dentatorubral DRPLA DRPLA/ 49~88
pallidoluysian atrophy atrophin 1
Spinal and bular muscular ~ SBMA AR/androgen 38~62
atrophy receptor
Huntington’s disease HD Htt/huntingtin 40~121

Of the above eight diseases, HD is perhaps the most well-
known among the general public because of its devastating
effects on the patients. The disease is associated with selec-
tive neuronal cell death occurring primarily in the cortex and
striatum. It is a fatal and cruel disease that progressively
deprives the patient of his movement, cognition, and person-
ality, exacting significant economic and emotion tolls on the
patient and his family. The frequency of HD is particularly
prevalent among people of Western European descent (about
11n 20,000). Unfortunately, there is presently no cure for this
terrible disease.

Currently, available treatments for HD are mainly limited
to managing the macroscopic symptoms. For example, one of
the newest compound approved by the FDA, tetrabenazine, is
a drug for reducing hyperkinetic movements in HD patients.
Tetrabenazine is a vesicular monoamine transporter (VMAT)
inhibitor which promotes early degradation of neurotransmit-
ters. Thus, the drug merely treats the symptom, not the root of
the disease. Other drugs currently used for treating HD
include neuroleptics and benzodiazepines. As the disease
progresses, an ever wider range of pharmacopeia is needed to
address different symptoms, including antipsychotics, and
drugs for hypokinesia. No presently known treatment is
attempting to address the root cause of HD.

As mentioned above, the root cause of HD is an abnormal
expansion of CAG repeats in a gene within the CNS cells,
specifically the gene Htt which encodes the protein huntingtin
(Htt). In a normal person, there are about 8-25 constitutive
repeats of CAG nucleotide sequence in the Htt gene. Ina HD
patient, the number of CAG repeats are expanded to 36 or
more. Because this type of mutation is dominant, a person
only needs to inherit one copy of the mutated huntingtin gene
to develop HD.

Recent cell and animal model studies have shown that
aggregates formed by mutant Htt play a critical role in the
progression of HD. It has been observed that the mutant Htt
proteins can leave behind shorter fragments from parts of the
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polyQ expansion when subjected to proteolytic cleavages. If
too many copies of glutamine exist in the mutant Htt, the polar
nature of glutamine will lead to undesirable interactions with
other proteins. In particular, mutant Htt with too many copies
of'glutamines will form hydrogen bonds with one another and
aggregate rather than fold into functional proteins. Over time,
the accumulated protein aggregates will damage the neuronal
cells, leading to cell death and neurological deficit in the
patient. The damaging effects of the protein aggregates have
been corroborated by experiments showing that chemical
reagents capable of inhibiting the formation of protein aggre-
gates can enhance survival of cells and ameliorate pathology
of HD in a mouse model (Sanchez et al., 2003; Tanaka et al.,
2004).

Besides using inhibitory molecules to prevent protein
aggregation, reducing the expression of mutant huntingtin
gene is in principle an alternative way to inhibit the genesis of
insoluble protein aggregates. In vitro studies have shown that
the extent of polyQ protein aggregation is related to protein
concentration (Scherzinger et al., 1999). Therefore, by low-
ering the level of mutant huntingtin gene expression, a lower
level of expanded PolyQ protein will be expressed, which in
turn is likely to reduce protein aggregate formation and delay
the onset of HD.

These findings point to a potentially simple and powerful
strategy of combating HD pathogenesis by modulating the
formation of insoluble protein aggregates resulting from
CAG repeat mutation in Htt. For example, a therapeutic agent
that can modulate the expression of the polyQ mutant genes
or formation of the polyQ aggregates can potentially address
the root cause of the polyQ diseases, not just their physiologi-
cal symptoms. Unfortunately, the lack of knowledge about
cellular factors and agents that can modulate the expression of
the mutant polyQ genes has prevented practical development
of this therapeutic strategy.

Therefore, there still exists urgent needs for methods and
tools that can modulate or reduce the expression of genes
suffering from expanded CAG repeat mutations as well as
methods and tools for identifying and developing agents that
are effective at modulating or reducing the expression of the
mutant genes.

SUMMARY OF THE INVENTION

In view of the above, it is an object of the present invention
to provide methods and tools that can modulate or reduce the
expression of genes containing expanded CAG repeats.

It is also an object of the present invention to provide
treatment methods and therapeutic agents for treating polyQ
diseases.

It is a further object of the present invention to provide
methods and tools for screening and developing agents that
are effective at modulating or reducing the expression of
genes containing expanded CAG repeats.

The above objects of the present invention are satisfied by
the unexpected discovery that the microbial transcription
elongation factor Spt4 and its mammalian ortholog, Supt4h,
play a modulating role in the expression of genes containing
expanded CAG repeats.

Specifically, the inventors have found that the expression of
genes containing expanded CAG repeats and the aggregation
of proteins with an expanding stretch of polyQ sequence are
both attenuated in Spt4-/Suptdh-deficient cells. The inventors
further discovered that Spt4/Supt4h have negligible effect on
genes containing short or no CAG repeats. These unexpected
discoveries establish Spt4/Supt4h as useful targets for polyQ
disease intervention.

10

15

20

25

30

35

40

45

50

55

60

65

4

In another discovery of the invention, the inventors have
also found that the attenuation effects of Spt4-/Supt4h-defi-
ciency can be attributed to impaired transcription elongation
in the CAG expanded gene, leading to decreased correspond-
ing mRNA and protein production. This discovery enables a
coherent view of several known properties of Spt4 and Supt4h
which form the basis of a mechanistic model that guides the
design of therapeutic approaches of the present invention.

For example, several recent studies have implicated Spt4 as
playing a key role in the control mechanisms of transcription
and heterochromatin formation in yeast cells (Crotti and Bas-
rai, 2004; Rondon et al., 2003). Analysis of its effect on
transcriptional control has shown that Spt4 is a positive regu-
lator for the elongation process. Particularly, Spt4 promotes
RNA polymerase II-mediated transcript synthesis from a
DNA template that has a high percentage of GC content or is
in a size of greater than 3 Kb in yeast cells (Rondon et al.,
2003). Further recent evidences reveal that Spt4 affects RNA
polymerase II processivity during transcription, which in turn
identifies Spt4 as an important factor for the persistence of Pol
1T along chromatin templates (Mason and Struhl, 2005).

Without being bound to any particular theory, the inventors
believe that the reason Spt4 is required for the expression of
polyQ-containing proteins is due to its role in preventing
premature dissociation of transcription machinery from those
DNA templates that take a long time for Pol II to move
through (e.g. templates containing a CAG-expanded region).
This model explains the observation that Spt4-/Supt4h-defi-
cient cells exhibit attenuated expressions of CAG-expanded
genes. Accordingly, therapeutic methods can be advanta-
geously devised by targeting Spt4 or Suptdh.

In yetanother discovery of the present invention, the inven-
tors have found that the attenuation effect of Spt4 deficiency
can be recapitulated by a specific Spt5 mutant that has a defect
to interact with Spt4. Because Spt4 usually form a complex
with Spt5 in cells, this discovery further establishes that the
Spt4/Spt5 complex is also a therapeutic target.

Based on the above various surprising discoveries of the
present invention, the inventors have conceived and reduced
to practice various tools and methods for modulating the
expression of genes containing an expanded CAG repeat
sequence.

Accordingly, in one aspect, the present invention provides
a method for modulating the expression of a gene containing
expanded CAG repeats with a repeat number greater than 36.
Embodiments in accordance with this aspect of the invention
generally seek to target a transcription elongation factor
involved in the expression of genes containing expanded
CAG repeats. Targeting of the transcription elongation factor
can either be direct or indirect.

In some preferred embodiments, methods in accordance
with this aspect of the invention generally include the step of
suppressing the expression of a transcription elongation fac-
tor gene in a cell. The transcription elongation factor gene is
preferably the SPT4 gene for an yeast cell or the SUPT4H
gene for a mammalian cell. The expanded CAG gene is pref-
erably one selected from the group consisting of SCAL,
SCA2, SCA3, SCA7,SCA17, DRPLA, AR, and Htt gene, or
a combination thereof.

In other preferred embodiments, methods in accordance
with this aspect of the invention generally include the step of
inhibiting the formation of an transcription elongation factor
complex. The transcription elongation factor complex is pref-
erably Spt4/SptS complex in a yeast cell or a Suptdh/SuptSh
complex in a mammalian cell. The expanded gene is also
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preferably one selected from the group consisting of SCA1,
SCA2,SCA3, SCA7, SCA17, DRPLA, AR, and Htt gene, or
a combination thereof.

In still other preferred embodiments, methods in accor-
dance with this aspect of the invention may include both steps
of suppressing the transcription elongation factor and inhib-
iting the formation of the transcription factor complex related
to expression of genes containing expanded CAG repeats.
The transcription elongation factor gene is preferably SPT4
for a yeast cell or SUPT4H for a mammalian cell. The tran-
scription factor complex is preferably Spt4/Spt5S in a yeast
cell or Suptdh/SuptSh in a mammalian cell. The expanded
gene is also preferably one selected from the group consisting
of SCA1,SCA2,SCA3,SCA7,SCA17,DRPLA, AR, and Htt
gene, or a combination thereof.

In another aspect, the present invention further provides a
method for identifying a pharmaceutical agent useful for
modulating the expression of genes containing expanded
CAG repeats, or treating a polyglutamine disease. The
expanded genes are preferably selected from the group con-
sisting of SCA1, SCA2, SCA3,SCA7,SCA17, DRPLA, AR,
and Htt gene. The number of CAG repeats is preferably
greater than 36.

Methods in accordance with this aspect of the present
invention generally include the step of testing a candidate
compound to assess its effectiveness at disrupting formation
of an Spt4/Spt5 complex or an Suptdh/SuptSh complex, and
identifying said compound as a lead compound if it is effec-
tive at a predetermined level. Preferably, a protein-protein
interaction assay is used for assessing the candidate com-
pound’s effectiveness.

Other aspects and advantages of the invention will be
apparent from the following description and the appended
claims.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates the down-regulating effect that Spt4-/
Suptdh-deficiency has on the expression of CAG-containing
genes. (a) shows the gene transcription process starting with
RNA Polymerase II (shown as speckle spheres) moving along
a DNA template (shown as wavy lines) containing non-patho-
genic number of CAG repeats (grey) to produce mRNA and
then translated into protein products. (b) illustrates how pro-
teins containing expanded number of glutamines can aggre-
gate to form proteinacious deposits. (¢) shows the attenuation
effect of Suptdh- and Spt4-deficiency on the production of
polyQ proteins when they are down-regulated.

FIG. 2A shows the level of Htt mRNA expression follow-
ing Suptdh siRNA knockdown in striatal cells as determined
by RT-PCR.

FIG. 2B shows the changes in the level of Htt mRNA
expression following Supt4h siRNA knockdown as assessed
by real-time qRT-PCR.

FIG. 3 shows the level of protein expression in cells with
and without Supt4h siRNA transfection.

FIG. 4 shows the effects of Supt4h down-regulation on the
expressions of normal and mutant Htt, respectively.

FIG. 5 shows the viability of ST14A striatal cells express-
ing 7Q-eGFP or 81Q-eGFP with or without Supt4h siRNA
knockdown.

FIGS. 6(a) and 6(b) illustrate that SPT4 deletion or SPT5
mutant which inhibits Spt4/Spt5 complex formation can sup-
press the expression of genes containing expanded CAG
repeats, leading to reduced polyQ aggregation as revealed by
colony color assay.
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FIG. 7 illustrates the changes in the expression and aggre-
gation patterns of polyQ mutant proteins resulting from
inhibiting the formation of Spt4/Spt5 complex.

FIG. 8 shows the reduced expression of transcripts con-
taining expanded CAG repeats resulting from inhibiting the
formation of Spt4/Spt5 complex.

DETAILED DESCRIPTION

The present invention will now be illustrated by specific
exemplary embodiments and examples to facilitate a full
understanding of the various ramifications. Although the
present invention will be described in terms of specific exem-
plary embodiments and examples, it will be appreciated that
the embodiments disclosed herein are for illustrative pur-
poses only and various modifications and alterations might be
made by those skilled in the art without departing from the
spirit and scope of the invention as set forth in the appended
claims.

Definitions

Throughout this disclosure, gene names are denoted with
italicized capital letters, and the proteins associated with the
genes are denoted in non-italicized letters with only the first
letter capitalized. For example, for the SPT4 gene, the term
“SPT4” denotes the gene and the term “Spt4” denotes the
protein produced by the gene. The only exception is for the
Huntingtin gene in which the gene name is denoted by “Htt”
and the gene product (the protein huntingtin) is denoted by
“Htt”.

As used herein, the gene SPT4 refers to the gene that
encodes the transcription elongation protein Spt4. The gene is
characterized by (Malone et al., 1993), the entire content of
which is incorporated herein by reference. The protein Spt4 is
characterized by (Malone et al., 1993), the entire content of
which is incorporated herein by reference.

As used herein, the gene SPTS refers to the gene that
encodes the transcription elongation protein Spt5. The gene is
characterized by (Swanson et al., 1991), the entire content of
which is incorporated herein by reference. The protein Spt5 is
characterized by (Swanson et al., 1991), the entire content of
which is incorporated herein by reference.

As used herein, the gene SUPT4H refers to the gene that
encodes the mammalian transcription elongation factor
Suptdh. The gene is characterized by (Hartzog et al., 1996;
Chiang et al., 1996), the entire content of which is incorpo-
rated herein by reference. The protein Supt4h is characterized
by (Hartzog et al., 1996; Chiang et al., 1996), the entire
content of which is incorporated herein by reference.

As used herein, the gene SUPTSH refers to the gene that
encodes the mammalian transcription elongation factor
SuptSh. The gene is characterized by (Stachora et al., 1997;
Chiang et al., 1998), the entire content of which is incorpo-
rated herein by reference. The protein SuptSh is characterized
by (Stachora et al., 1997; Chiang et al., 1998), the entire
content of which is incorporated herein by reference.

In the context of the present invention, the term “polyQ
diseases” refer to the eight diseases listed in Table 1.

In the context of the present invention, the term “polyQ
mutant protein” refers to proteins that have a polyQ tract
longer than 36 glutamine residues.

In the context of the present invention, the term “expanded
CAG repeats” refers to CAG repeat numbers greater than 36.
Methods for Suppressing the Expression of Genes Contain-
ing Expanded CAG Repeats






