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(57) Abstract: The present invention re-
lates to a new use of TRIM72 as a target for
muscle enhancer and heart enhancer, more
particularly to a composition for enhancing
muscle or heart comprising an expression
or action inhibitor of TRIM72 protein.
The present invention further relates to a
new TRIM mutant protein inducing muscle
differentiation and hypertrophy and its
gene. The inventors of the present invention
have identified that TRIM72 overexpression
inhibits myogenesis whereas TRIM72
knockdown enhances myogenesis, and
first elucidated that TRIM72 is a negative
regulator of skeletal muscle differentiation.
Accordingly, the inhibition of TRIM72 acts
exclusively on skeletal muscle and heart
muscle, but does not affect IGF-I signaling
pathway in other tissues. Therefore, a drug
or gene therapy using TRIM72 as a target
may be helpful in treating obesity and type
2 diabetes by promoting skeletal muscle
differentiation, hypertrophy and energy
consumption in adipose tissue and inducing
strong muscle by promoting physiological
hypertrophy of heart muscle, without cancer
or other side effects.
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[DESCRIPTION]
[Invention Title]

Use of TRIM72 as a target for muscle and heart enhancer

[ Technical Field]

The present invention relates to a new use of TRIM72 as a target for muscle
enhancer and heart enhancer, more particularly to a composition for enhancing muscle
or heart comprising an expression or action inhibitor of TRIM72 protein. The present
invention further relates to a new TRIM mutant protein inducing muscle differentiation

and hypertrophy and its gene.

[Background Art]

Although knowledge about molecular mechanism of cell differentiation and tissue
formation is accumulating very quickly, it is still unclear how the size of an organ is
regulated. 40 years ago, Bullough proposed a hypothesis that a negative growth
regulator called the “chalone (an endocrine substance inhibits the physiological action)”
regulates the size of an organ [Bullough WS., Cancer Res., 25, 1683, 1965].
According to the hypothesis, when an organ grows to a certain size, it secretes the
chalone so that it cannot grow further. The chalone was not discovered in spite of
extensive researches over the last 40 years, and the hypothesis seemed to be
abandoned. But, recently, a chalone called myostatin was found in skeletal muscle.

Myostatin (myo means muscle, and statin means stop), a member of the
transforming growth factor-B superfamily, is expressed in skeletal muscle. A

significantly increased skeletal muscle mass was found in myostatin-deficient mouse
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[McPherron AC. et al.,, Nature, 387, 83, 1997]. Myostatin mutation was found in not
only in double-muscled Belgian Blue and Pidemontese cattle [McPherron AC. et al.,
PNAS, 94, 12457, 1997], but also in with gross muscle hypertrophy [Schuelke, M. ef al.,
New Eng. J. Med., 350, 2682, 2004]. These findings prove that myostatin is the
chalone that regulates the size of muscle. In myostatin -/~ mice, the muscle mass
increases while the accumulation of fats decreases remarkably. When obese (ob/ob)
mice were bred with myostatin -/- mice, the offspring exhibited normal body weight,
reduced fats and normal blood sugar level [McPherron AC. and Lee, SJ., J. Clin. Invest.,
109, 595, 2002]. This indicates that obesity and type 2 diabetes may be treated by
reducing the amount of myostatin or inhibiting its activity. In addition, it was shown that
when mice with muscular dystrophy induced by dystrophin deficiency were treated with
anti-myostatin antibody, muscle length and diameter were restored as those of normal
mice [Bongdanovich S., Nature, 420, 416, 2002]. This implies that anti-myostatin
antibody may be used for the treatment of muscular dystrophy patients. Actually,
Wyeth (USA) is carrying out clinical trials on myostatin. However, because
myostatin-deficient mice and myostatin mutant cattle lose their reproductive ability
[Animal Genetics, 36, 1, 2004; J. Gene Med., 8, 1171, 2006, drugs using myostatin as a
target may result in severe adverse reactions.

Whereas myostatin regulates muscle size negatively, insulin-like growth factor
(IGF-I) regulates it positively. For example, mice in which IGF-l was overexpressed
only in muscle using muscle-specific promoter exhibited two times more muscle mass
than normal mice [Masaro A. et al., Nature Genet., 28, 195, 2001]. Thus, there was a
medical attempt to use IGF-l as muscle enhancer. But, this attempt met serious

obstacles. For one thing, because IGF receptors are expressed in nearly every cell,
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the administration of IGF-I may have a serious effect not only on muscle but also on
other tissues. Besides, IGF-l promotes cell division and proliferation, thereby resulting
in unwanted hyperproliferation of tissues. Accordingly, it is needed to induce selective
expression of IGF-I only in muscle (through genetic treatment) or selective IGF-I
signaling only in muscle.

FIG. 1 schematically illustrates the IGF-I signaling. When the signaling pathway
IRS-1 — PI3K — AKT-1 — mTOR — p70°% which is activated by IGF-I is blocked
(using mice with deficiency of each gene), the mice become smaller in size and the
muscle mass decreases abruptly. And, in PTEN- and SHIP,-deficient mice, the
amount of Ptd Ins(3,4,5)P; increases to induce overexpression of PISK/AKT1. As a
result, the muscle mass increases [Glass, DJ., Nat. Cell Biol., 5, 87, 2003]. These
results show that PI3K, AKT-1, mTOR, p70°%¢ and GSK3B might be good candidate
target proteins for the development of muscle enhancer. However, because these
proteins affect not only muscle but also other tissues, activation (PI3K, AKT-1, mTOR,
p705K or GSK3) or inhibition (PTEN or SHIP,) using the proteins may lead to adverse
reactions such as cancer. Accordingly, these proteins are not good targets for the
development of muscle enhancer.

The inventors of the present invention isolated lipid rafts from C2C12 myoblasts
and myotubes, and identified TRIM72, the function of which was never known yet,
through comparative proteomics. TRIM72 has a (ubiquitin E3) TRIM/RBCC domain
necessary for ubiquitin E3 ligase activity. TRIM72 is specifically expressed in lipid rafts
of skeletal muscle and heart and results in increased muscle mass during muscle
differentiation. Overexpression of TRIM72 inhibits myogenesis, whereas knockdown of

TRIM72 enhances myogenesis. This signifies that TRIM72 is a negative regulator of
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skeletal muscle differentiation. TRIM72 regulates the IGF-/IGFR/IRS-1 signaling
pathway by inhibiting IGF-l-mediated activation of IRS-1 through interaction with IRS-1.
Accordingly, TRIM72 acts only on skeletal muscle and heart, without affecting the IGF-I
signaling pathway in other tissue. Therefore, cancer or other side reactions may be
prevented. That is, a drug or genetic treatment using TRIM72 as target may lead to
the treatment of obesity and type 2 diabetes without side effects, by promoting
differentiation and hypertrophy of skeletal muscle and energy consumption in adipose

tissue, and to a strong heart, by promoting physiological hypertrophy of heart muscle.

[Disclosure]
[Technical Problem]

In an aspect, there is provided a new use of TRIM72 as a target for muscle and
heart enhancer.

In another aspect, there is provided a composition for enhancing muscle or heart
comprising an expression or action inhibitor of the TRIM72 protein.

In another aspect, there is provided a method for enhancing muscle or heart,
which comprises administering an expression or action inhibitor of the TRIM72 protein.

In another aspect, there is provided a new TRIM mutant protein or its gene

having activity of promoting muscle differentiation and hypertrophy.

[Technical Solution]
According to an embodiment of the present invention, there is provided a
composition for enhancing muscle or heart comprising an expression or action inhibitor

of TRIM72 protein as an effective ingredient. It is first proposed in the present
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invention that inhibition of expression or action of TRIM72, a negative regulator of
muscle differentiation, promotes muscle differentiation and hypertrophy and may lead to
enhancement of muscle or heart.

TRIM72 is an abbreviation of tripartite motif-containing 72 and has a RING
domain, a B box, a coiled-coil domain and a SPRY domain, as shown in FIG. 3C.
Base sequence and amino acid sequence of mouse TRIM72 may be obtained from
NCBI Accession No. NM_001079932. The amino acid sequence of mouse TRIM72
protein is given as SEQ ID NO: 1. Base sequence and amino acid sequence of human
TRIM72 may be obtained from NCBI Accession No. NM_001008274. The amino acid
sequence of human TRIM72 protein is given as SEQ ID NO: 2. The mouse and
human TRIM72 are expected to have the same function, because their amino acid
sequences have 90% identity. But, their function was not elucidated as yet.

For the expression or action inhibitor of TRIM72 protein, any substance known to
inhibit expression or action of protein may be used. Preferably, a composition for
enhancing muscle or heart which downregulates transcription or translation of TRIM72
gene or inhibits action of TRIM72 protein is provided. As used herein, “downregulation
of transcription or translation of TRIM72 gene” includes downregulation of transcription
by binding to the TRIM72 promoter gene, degradation of mRNA after transcription,
interruption of translation, or any other downregulation. And, “inhibition of action of
TRIM72 protein” includes inhibition of protein activity and interruption of protein
interaction with other proteins by competitively binding.

Examples of the expression inhibitor of TRIM72 protein may include siRNA (short
interfering RNA) using RNA interference of TRIM72 gene or shRNA (short hairpin RNA).

RNA interference (hereinafter, "RNAi") is a mechanism that inhibits gene expression
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after transcription in many eukaryotes. RNAI is induced by short double-stranded RNA
("dsRNA") molecules existing in cells [Fire A. et al., (1998), Nature 391: 806-811].
These short dsRNA molecules also known as the "siRNA" are separated into single
strands and bind to "RNA-induced silencing complex (RISC)", thereby cleaving target
mRNA or interfering translation [Elbashir SM et al., (2001), Genes Dev., 15: 188-200].

Thus, the present invention provides a separated siRNA comprising short
double-stranded RNA consisting of from about 17 to about 25 nucleotides targeting
mRNA of TRIM72 gene. The siRNA comprises a sense RNA strand and its
complementary antisense RNA strand. These two strands bind (anneal) with each
other through Watson-Crick base pairing interaction. The sense strand includes the
same nucleotide sequence in the target sequence of the target mRNA. The target
sequence of siRNA may be selected by a method published in the literature, e.g.,
[Tuschl T. et al., "The siRNA User Guide" revised Oct. 11, 2002]. The TRIM72 target
sequence used to manufacture the siRNA of the present invention is
5'-AAGCACGCCUCAAGACACAG-3'.

The sense and antisense strands of the siRNA of the present invention may
include two complementary, single-stranded RNA molecules, or a molecule wherein two
complementary moieties are base-paired and covalently bonded by a single-stranded
"hairpin" domain. The latter is called shRNA (short hairpin RNA). shRNA is a single
strand, about 50-70 nucleotides in length, having a stem-loop structure in vivo. On
both sides of 5-10 nucleotide loop portion, long RNA of 19-29 nucleotides are
base-paired to form a double-stranded stem. In general, shRNA is synthesized in vivo
from the Pol lll promoter by the transcription of complementary DNA sequence. The

Pol-lll-induced transcription starts from the well-defined start site and terminates at the
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linear second residue consisting of 4 or more thymidines (-TTTT-) to form a non-poly(A)
transcript. The Pol lll promoter is activated in all cells and can express the shRNA.
Following the transcription, the shRNA has its loop cleaved by Dicer, and interacts with
RISC like siRNA [see Tuschl, T. (2002), Cell 110(5): 563-74].

The siRNA of the present invention may be obtained by the method well known
to those skilled in the related art. For example, the siRNA may be synthesized
chemically or produced by recombinant technique using the method well known in the
related art. Preferably, the siRNA of the present invention may be synthesized
chemically using adequately protected ribonucleoside phosphoramidites and a
commonly used DNA/RNA synthesizer. The siRNA may be synthesized as two
separated complementary RNA molecules or as an RNA molecule having two
complementary domains.  Alternatively, the siRNA may be expressed from a
recombinant DNA plasmid using an adequate promoter. Examples of the adequate
promoter for expressing the siRNA of the present invention from plasmid may include
U6 or H1 RNA pol lll promoter and cytomegalovirus promoter. Further, the
recombinant plasmid may include an inducing promoter or a controllable promoter so
that the siRNA can be expressed under a specific tissue or cell environment.

The siRNA of the present invention may be expressed from the recombinant
plasmid as two separated complementary RNA molecules or as an RNA molecule
having two complementary domains. Selection of adequate plasmid for expressing the
siRNA of the present invention, insertion of nucleotide sequence for expressing the
siRNA into the plasmid, and transfer of the recombinant plasmid to target cells are
disclosed in the related art. For example, refer to the literatures [Tuschl, T. (2002), Nat.

Biotechnol., 20: 446-448; Brummelkamp TR et al. (2002), Science 296: 550- 553;



WO 2009/031842 PCT/KR2008/005234

Miyagishi M. et al., (2002), Nat. Biotechnol. 20: 497-500; Paddison PJ et al. (2002),
Genes Dev. 16: 948-958; Lee NS et al. (2002), Nat. Biotechnol . 20: 500-505; and Paul
CP et al. (2002), Nat. Biotechnol. 20: 505-508], which are incorporated herein by
reference.

In the composition for enhancing muscle or heart of the present invention, the
expression inhibitor of TRIM72 protein may be TRIM72 siRNA (short interfering RNA)
having a base sequence complementary to mRNA of TMRIM72 gene, more preferably a
base sequence of SEQ ID NO: 3, or a gene which transcribes the same.

In the composition for enhancing muscle or heart of the present invention, the
action inhibitor of TRIM72 protein may be a substance that interferes with the interaction
of TRIM72 with IRS-1 or M-Cadherin. As it was found out that the coiled-coil domain of
TRIM72 binds with the Mid and Rear regions of IRS-1 (see FIG. 9), a peptide which
binds specifically to the binding domain and can competitively inhibit the interaction may
be designed. Further, polyclonal or monoclonal antibody against TRIM72 may be used
as the interaction inhibitor.

The polyclonal antibody may be prepared by injecting the immunogen TRIM72
protein or its fragment into a host by the method well known to those skilled in the art.
The host may include a mammal such as mouse, rat, sheep and rabbit. The
immunogen may be injected intramuscularly, intra-abdominally or subcutaneously. An
adjuvant may be administered together in order to enhance antigenicity. Blood is
taken from the host at predetermined intervals to collect the serum showing improved
titer or antigen specificity, or antibody is isolated and purified therefrom.

The monoclonal antibody may be prepared by fusing with an immortalized cell

line as well known in the related art [Koehler and Milstein (1975) Nature, 256:495].
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The procedure is as follows. First, 20 ug of pure TRIM72 protein is obtained and
Balb/C mouse is immunized using the same, or a peptide is synthesized and bound to
bovine serum albumin and the mouse is immunized using the same. Then,
antigen-producing lymphocyte isolated from the mouse is fused with human or mouse
myeloma to produce immortalized hybridoma, or only the hybridoma cells producing
monoclonal antibody are selected and proliferated by ELISA, and monoclonal antibody
is isolated and purified from therefrom.

In the composition for enhancing muscle or heart of the present invention, the
expression or action inhibitor of TRIM72 protein may enhance IGF-1-induced PI3K/AKT
activation. The function of the inhibitor is demonstrated in Result 4.

The present invention further provides a composition for inhibiting muscle
differentiation wherein tyrosine phosphorylation of IRS-1 is enhanced by the expression
or action inhibitor of TRIM72 protein so as to improve interaction between IRS-1 and
PI3K. The function of the inhibitor is demonstrated in Result 5.

In the composition for inhibiting muscle differentiation of the present invention,
the expression or action inhibitor of TRIM72 protein may inhibit ubiquitination of IRS-1
or M-Cadherin induced by TRIM 72. The function of the inhibitor is demonstrated in
Results 7 and 8.

In another embodiment, the present invention provides a method for screening
muscle or heart enhancer comprising: (a) treating an agent in animal cells expressing
TRIM72 protein; and (b) determining whether the expression of TRIM72 protein
decreases as compared to a control group in which the animal cells are not treated with
the agent. In the step (a), the animal cells may be intentionally transfected with a

plasmid overexpressing TRIM72. In the step (b), the decrease of expression may be
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measured by RT-PCR in RNA level, or by Western blotting, etc. in protein level.

In another embodiment, the present invention provides a method for screening
muscle or heart enhancer comprising: (a) treating an agent in animal cells expressing
TRIM72 protein; and (b) determining whether the interaction of TRIM72 with IRS-1 or
M-Cadherin is inhibited in the animal cells. In the step (a), the animal cells may be
intentionally transfected with a plasmid overexpressing TRIM72. In the step (b), the
inhibition of interaction may be measured by immunoprecipitation, GST pull-down assay,
or the like.

In another embodiment, the present invention provides a composition for
inhibiting muscle differentiation comprising a TRIM72 protein having an amino acid
sequence of SEQ ID NO: 1 or 2 or a gene encoding for the same. It is first elucidated
in the present invention that TRIM72 is a negative regulator of muscle differentiation
and proposed that it can inhibit muscle differentiation by blocking IGF-1 signaling
necessary for the muscle differentiation.

In the composition for inhibiting muscle differentiation of the present invention,
the gene may be inserted in an animal cell expressing vector, more preferably in an
adenoviral vector. For the plasmid vector, pCMV-Flag or pHM6-HA vector may be
used. And, for the adenoviral vector, pAd/CMV/V5-DEST (Invitrogen) may be used.

In the composition for inhibiting muscle differentiation of the present invention,
the TRIM72 protein may inhibit IGF-1-induced PI3K/AKT activation. The function of
the TRIM72 protein is demonstrated in Result 4.

In the composition for inhibiting muscle differentiation of the present invention,
the TRIM72 protein may bind to IRS-1 and reduce tyrosine phosphorylation of IRS-1,

thereby inhibiting the interaction of IRS-1 with PI3K. The function of the TRIM72
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protein is demonstrated in Result 5.

In the composition for inhibiting muscle differentiation of the present invention,
the TRIM72 protein may promote ubiquitination of IRS-1 or M-Cadherin by interacting
with them. The function of the TRIM72 protein is demonstrated in Results 7 and 8.

In another embodiment, the present invention provides an siRNA (short
interfering RNA) molecule for TRIM72 gene having a base sequence of SEQ ID NO: 3.
The siRNA targets 5-AAGCACGCCUCAAGACACAG-3' of TRIM72 mRNA and has a
sequence complementary to it.

In another embodiment, the present invention provides a TRIM72 mutant protein
(ARING TRIM72) in which the RING domain is deleted from an amino acid sequence of
SEQ ID NO: 1or2. SEQ ID NO: 1 is the amino acid sequence of mouse TRIM72. Of
its RING domain (1st through 60th amino acids), all or part may be deleted. SEQ ID
NO: 2 is the amino acid sequence of human TRIM72. Of its RING domain (1st through
60th amino acids), all or part may be deleted.

The present invention further provides a TRIM72 mutant protein having an amino
acid sequence of SEQ ID NO: 4 or 5. SEQ ID NO: 4 is the amino acid sequence of
mouse ARING TRIM72, and SEQ ID NO: 5 is the amino acid sequence of human
ARING TRIM72.

In another embodiment, the present invention provides a TRIM72 mutant gene
which has a base sequence encoding for the TRIM72 mutant protein (ARING TRIM72).
The base sequence may be easily designed by deleting only the RING domain coding
sequence from the base sequence of mouse or human TRIM 72 gene.

In another embodiment, the present invention provides a TRIM72 mutant protein

(DN-TRIM72) in which the 14th amino acid in an amino acid sequence of SEQ ID NO: 1

11
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or 2 is substituted from cystine to alanine.

In another embodiment, the present invention provides a TRIM72 mutant gene
which has a base sequence encoding for the RIM72 mutant protein (DN-TRIM72). The
base sequence may be easily designed by substituting the 14th codon in a base
sequence of a mouse or human TRIM 72 gene from a cystine codon to an alanine
codon.

In another embodiment, the present invention provides a composition for
enhancing muscle or heart comprising the TRIM72 mutant protein or the gene encoding
for the same. It is first elucidated in the present invention that the TRIM72 mutant is a
dominant negative form of TRIM72 and proposed that it can enhance muscle
differentiation and hypertrophy, thereby strengthening muscle or heart.

In the composition for enhancing muscle or heart of the present invention, the
gene may be inserted in an animal cell expressing vector, more preferably an
adenoviral vector. For the plasmid vector, pCMV-Flag or pHM6-HA vector may be
used. And, for the adenoviral vector, pAd/CMV/V5-DEST (Invitrogen) may be used.

In another embodiment, the present invention provides an animal cell expressing
vector comprising the TRIM72 mutant gene.

The animal cell expressing vector may be an adenoviral vector.

In another embodiment, the present invention provides a virus clone obtained by
packaging an adenoviral vector comprising the TRIM72 mutant gene in 293T cells.

In another embodiment, the present invention provides animal cells transformed
by the animal cell expressing vector comprising the TRIM72 mutant gene.

In another embodiment, the present invention provides a TRIM72 promoter in

which the E2 or E3 box is truncated or mutated from a base sequence of any of SEQ ID

12
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NOS: 6 to 8. The base sequences of SEQ ID NOS: 6 to 8 are those of TRIM72
promoters comprising the domains 1269 bp, 1144 bp and 883 bp, respectively,
upstream of the ATG start codon. The mutant TRIM72 promoter of the present
invention may be one in which the E2 box, which corresponds to 557th through 562nd
upstream of the start codon, or the E3 box, which corresponds to 580th through 585th
upstream of the start codon, is truncated or mutated.

The TRIM72 promoter may have a base sequence of SEQ ID NO: 9 or 10. SEQ
ID NO: 9 is that of an 883 bp TRIM72 promoter in which the E2 box is mutated, and
SEQ ID NO: 10 is that of an 883 bp TRIM72 promoter in which the E3 box is mutated.

Because the TRIM72 proposed by the inventors negatively controls the growth of
muscle, cattle with large muscle mass may be produced by knocking out the TRIM72
gene. Also, cattle with large muscle mass may be produced by inducing transgenic
cattle overexpressing the mutant ARING TRIM72 or C14A TRIM72.

The pharmaceutical composition of the present invention may be administered
along with a physiologically acceptable vehicle. For oral administration, a binder,
glidant, disintegrant, excipient, solubilizer, dispersant, stabilizer, suspender, pigment,
perfume, etc. may be used. For injection, a buffer, preservative, pain reliever,
solubilizer, tonicity agent, stabilizer, etc. may used. For local administration, a base,
excipient, preservative, etc. may used.

The pharmaceutical composition of the present invention may be prepared into
various formulations along with the aforementioned pharmaceutically acceptable
vehicles. To take oral administration for example, it may be prepared into tablet,
troche, capsule, elixir, suspension, syrup, wafer, or the like. For injection, it may be

prepared into a single administration ampule or multiple administration form. Besides,

13
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the pharmaceutical composition of the present invention may be prepared into various
formulations according to the method commonly used in the related art.

The pharmaceutical composition of the present invention may be orally or
parenterally, e.g., intravenously, subcutaneously, intranasally or intra-abdominally, to
human and animals. Parenteral administration may be carried out by injection, e.g.,
subcutaneous injection, intramuscular injection and intravenous injection, or dropping.

The effective dose of the TRIM72 gene, TRIM72 protein or its inhibitor included
in the pharmaceutical composition of the present invention may vary dependent on sex,
severity of disease, age, route of administration, target cells, degree of expression, and
the like, and may be easily determined by those skilled in the art. For example, the

effective dose may be from about 0.01 ug/kg to about 100 ug/kg.

[Description of Drawings]

FIG. 1 illustrates the PI3K-AKT and Ras-Raf-MEK-ERK signaling pathway
induced by IGF in muscle differentiation and hypertrophy.

FIG. 2 shows proteins expressed in lipid rafts of myotubes. A. Lipid rafts were
isolated from myoblasts and myotubes utilizing their insolubility in detergent and low
density. Following sucrose gradient ultracentrifugation, each fraction was
immunoblotted. Cav-1 = Caveolin-1; Cav-3 = Caveolin-3. B. Lipid raft proteins of
myoblasts and myotubes were compared by two-dimensional electrophoresis. Protein
spots expressed well in the lipid rafts of myotubes were denoted by circles. These
protein spots were identified by Q-TOF. C. The portions corresponding to TRIM72
were compared in myoblasts and myotubes (the box in FIG. 2B).

FIG. 3 shows identification result for TRIM72 specifically expressed in lipid rafts

14
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of myotubes. A. Mass analysis pattern of the protein corresponding to the box in FIG.
2B obtained by Q-TOF/MS and its amino acid sequence. B. Full-length amino acid
sequence of TRIM72. Bold characters denote the amino acid sequence analyzed by
Q-TOF/MS, red line denotes RING domain, blue line denotes B box, green line denotes
coiled-coil domain, and black line denotes SPRY domain. C. TRIM72 has one RING
domain, one B-box, one coiled-coil domain, and one SPRY domain.

FIG. 4 shows that TRIM72 is specifically expressed only in skeletal muscle and
heart muscle. A. mRNAs were extracted from various organs of mouse and subjected
to Northern blotting for TRIM72 gene. B. Proteins were extracted from various organs
of mouse and subjected to Western blotting using TRIM72 antibody. C. C2C12
myoblasts were differentiated into myotubes and RT-PCR was performed. The
amount of mRNA for TRIM72 increased along with the muscle differentiation marker
genes caveolin-3 (Cav-3), myogenin, MyoD and myosin heavy chain (MyHC). D.
C2C12 cells were differentiated and Western blotting was performed. During muscle
differentiation, the amount of TRIM72 protein increased along with other differentiation
marker proteins. IRS-1 = insulin receptor substrate-1.

FIG. 5 shows that TRIM72 exists in lipid rafts of sarcolemma. A. TRIM72 and
Cav-3 were located in mouse skeletal muscle, heart muscle and C2C12 myotubes by
immunofluorescence. B. Cytoplasm and plasma membrane (PM) were separated from
mouse skeletal muscle and C2C12 myotubes and subjected to Western blotting using
TRIM72 antibody. C. Lipid rafts were separated from mouse skeletal muscle and
C2C12 myotubes and subjected to Western blotting using TRIM72 and Cav-3
antibodies. D. At the embryonic stage (E) and postnatal stage (P), the amount of

TRIM72 and Cav-3 in heart and skeletal muscle was identified by Western blotting.
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FIG. 6 shows a test result demonstrating that TRIM72 is a negative regulator of
muscle differentiation. After overexpressing TRIM72 in C2C12 myoblasts using an
adenovirus system or after inhibiting expression of TRIM72 in C2C12 myotubes using
SiRNA, the cells were observed after H&E staining (A), MyHC fluorescent staining (B),
and Western blotting for TRIM72, Myogenin and Cav-3 (C), and the number of nuclei
per each cell was counted (D) to determine the degree of muscle differentiation.

FIG. 7 shows that TRIM72 inhibits IGF-l-induced PI3K/AKT activation. After
overexpressing TRIM72 in C2C12 myoblasts or after inhibiting expression of TRIM72 in
C2C12 myotubes, AKT and MAPK phosphorylation (A) and PI3K activity (B) induced by
IGF were investigated.

FIG. 8 shows that TRIM72 inhibits IGF-l-induced tyrosine phosphorylation of
IRS-1 by binding with IRS-1. After overexpressing TRIM72 in C2C12 myoblasts or
after inhibiting expression of TRIM72 in C2C12 myotubes, followed by IGF-I activation,
tyrosine phosphorylation of IGFR and IRS-1 and interaction of IGFR and IRS-1 were
investigated by immunoprecipitation.

FIG. 9 shows the binding site of TRIM72 and IRS-1. Mid and Rear regions of
IRS-1 bind with the coiled-coil domain of TRIM72. A. C2C12 myotubes were treated
with IGF-l and binding of IRS-1 and TRIM72 was investigated by immunoprecipitation.
B. Various TRIM72 and IRS-1 mutants. C. Mid and Rear regions of IRS-1 bind with
TRIM72. Myc-TRIM72 and Flag-IRS-1 mutant genes were transfected into 293 cells
for 30 hours and MG132 (proteasome inhibitor) was treated for 12 hours. Interaction of
TRIM72 and IRS-1 mutant proteins was investigated by immunoprecipitation. D. IRS-1
interacts with the coiled-coil domain of TRIM72. Flag-IRS-1 and Myc-TRIM72 mutant

genes were transfected into 293 cells for 30 hours and MG132 (proteasome inhibitor)
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was treated for 12 hours. Interaction of IRS-1 and TRIM72 mutant proteins was
investigated by immunoprecipitation.

FIG. 10 shows that deletion of the RING domain or substitution of cystine in the
RING domain with alanine promotes muscle differentiation. A. TRIM72 has a
consensus sequence in the RING domain binding with Zn?*. B. Wild type TRIM72,
ARING TRIM72 and C14A TRIM72 genes were transfected into C2C12 myoblasts and
differentiation into myotubes was induced. Wild type TRIM72 inhibited muscle
differentiation, whereas C14A TRIM72 and ARING TRIM72 enhanced muscle
differentiation as compared to other neighboring cells.

FIG. 11 shows that TRIM72 is an E3 ligase which promotes the degradation of
IRS-1. A. IRS-1 (6 pg) and TRIM72 (2 ug) were transfected into HEK 293 cells for 30
hours and expression of IRS-1 and TRIM72 was investigated after treating with the
proteosomal degradation inhibitor MG132 for 10 hours. B. IRS-1 (3 ug) and TRIM72 at
various concentrations (0, 0.5, 1, 2 ug) were transfected into 293 cells for 30 hours and
expression of IRS-1 was investigated. C. HA-TRIM72 (or HA-TRIM72 C14A),
Flag-IRS-1 and His-ubiquitin were transfected into 293 cells for 30 hours and MG132
was treated for 10 hours. Ubiquitination of IRS-1 was identified by immunoblotting
using His after immunoprecipitation with Flag antibody. Red brace denotes
ubiquitination of IRS-1. |

FIG. 12 shows that TRIM72 promotes ubiquitination of M-Cadherin. A-B.
Change of the amount of mRNA and protein for M-Cadherin and N-Cadherin during
muscle differentiation. C-D. Overexpression of TRIM72 in myoblasts results in
decreased M-Cadherin. E. Inhibition of TRIM72 expression in myotubes results in

increased M-Cadherin. F. Inhibition of TRIM72 expression in myotubes results in
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reduced ubiquitination of M-Cadherin and increased binding of M-Cadherin with
B-Catenin and p120 catenin.

FIG. 13 shows that the TRIM72 promoter contains E-boxes for binding with
MyoD. A. E2 and E3 are essential in transcription of CEMI. Various CEMI promoter
mutant-luciferase fused genes were expressed in C2C12 myoblasts for 16 hours and
muscle differentiation was induced for 48 hours. Luciferase activity was measured to
investigate the transcription ability of the CEMI promoter mutants. B-D. MyoD is a
transcription factor essential in the activation of CEMI promoter. A CEMI promoter
gene having E1, E2 and E3 and MyoD, Myf5, Myogenin or Mrf4 gene were expressed in
C2C12 myoblasts (B), NIH 3T3 cells (C) and 293 cells (D) for 48 hours, and then
luciferase activity was measured. E. Binding of MyoD with E2 and E3 of CEMI was
identified by CHIP assay. B = myoblasts; T = myotubes.

FIG. 14 shows that activation of AKT is essential for CEMI promoter activity. A.
CEMI promoter-luciferase fused gene having E2 and E3 was expressed in C2C12
myoblasts for 24 hours and muscle differentiation into myotubes was induced for 24
hours. While inducing muscle differentiation, PI3K inhibitor (LY294002, 10 uM), mTOR
inhibitor (rapamycin, 100 nM), GSK3 inhibitor (LiCl, 5 mM) and MAPK inhibitor
(PD98059, 10 uM) were treated and luciferase activity was measured. B. CEMI
promoter-luciferase fused gene having E2 and E3 and MyoD gene were expressed in
C2C12 myoblasts for 24 hours. After treating with various agents for 24 hours,
luciferase activity was measured. C. CEMI promoter-luciferase fused gene having E2
and E3 and constant active-(CA-)-AKT, CA-Foxo1 or CA-GSK3B were expressed in
C2C12 myoblasts for 24 hours. After inducing muscle differentiation into myotubes for

24 hours, luciferase activity was measured. The panel below shows the expression
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amount of CA-AKT, CA-Foxo1 and CA-GSK3p identified by Western blotting. D. CEMI
promoter-luciferase fused gene having E2 and E3 and SiRNA (Control-SiRNA or AKT1-
SiRNA) were simultaneously treated in myoblasts for 24 hours. After inducing
differentiation for 24 hours, luciferase activity was measured. The panel below shows
the expression amount of AKT1 identified by Western blotting.

FIG. 15 schematically illustrates that TRIM72 is a negative feedback reguiator

inhibiting muscle differentiation or hypertrophy.

[Best Mode]

Practical and presently preferred embodiments of the present invention are
illustrated as shown in the following Examples. However, the present invention is not
restricted to the following Examples, and many variations are possible within the spirit

and scope of the present invention.

Example 1: Cell culture, animal and antibodies

C2C12 cells were purchased from ATCC and grown in Dulbecco’s modified
Eagle’s medium (DMEM) supplemented with 2% penicillin/streptomycin (WelGene) and

10 % fetal bovine serum (WelGene) in a 5% CO; incubator at 37°C. Confluent C2C12

myoblasts were differentiated into myotubes by incubation with DMEM supplemented
with the same antibiotics and 2% horse serum. Every 48 hours, the myotubes were
fed with fresh DMEM containing 2% horse serum. Male C57BL/Ksj mice were
maintained on a controlled lighting schedule, with a 12-h dark period.
Twenty-week-old mice were used in all of the experiments in this study.

Anti-TRIM72 rabbit polyclonal and mouse monoclonal antibodies were generated
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according to the laboratory manual and by AbFrontier (Korea), respectively. Anti-IRS-1
(Upstate and BD Transduction Laboratories), IGF-IR  (Santa Cruz), PI(3)K p85
(Upstate), Myc (Santa Cruz), Flag (Sigma and Santa Cruz), HA (Santa Cruz) and His
(Amersham Biosciences) antibodies were used for immunoprecipitation. Anti-
myogenin (BD Transduction Laboratories ), MyoD (BD Transduction Laboratories and
Santa Cruz), caveolin-3 (Santa Cruz), myosin heavy chain (Sigma and Developmental
Studies Hybridoma Bank), myostatin (R&D systems), Myf5 (Santa Cruz), Akt (Upstate),
pAkt (S473, Cell Signaling Technology), MAPK (Santa Cruz), pMAPK (Santa Cruz),
phosphotyrosine (BD Transduction Laboratories), ubiquitin (Santa Cruz) and  -actin

(Sigma) antibodies were used for immunoblottings.

Example 2: Two-dimensional electrophoresis (2-DE) of detergent-resistant lipid rafts

Four 150 mm dishes of C2C12 myoblasts and myotubes were mixed with 1 ml of
lysis buffer (25 mM HEPES pH 6.5, 1 % Triton X-100, 150 mM NaCl, 1 mM EDTA, 1
mM PMSF, and protease cocktail), homogenized 20 times with a tight Dounce
homogenizer (Kontes), and incubated for 30 min at 4C. The extract was mixed with 1
ml of 2.5 M sucrose, transferred to a SW41 centrifuge tube, and overlaid with 6 ml of
30% sucrose solution and 4 ml of 5% sucrose solution containing 25 mM HEPES pH
6.5, and 150 mM NaCl. The discontinuous sucrose gradients were centrifuged for 18 h
at 4°C at 39,000 rpm. The gradient was fractionated into 12 fractions from the bottom
to the top. The lipid raft fractions were washed with washing buffer (25 mM HEPES pH
7.4, 150 mM NaCl) by ultracentrifugation (20,000 rpm, 30 min, 4C), and suspended
with 100 pl of resuspension buffer (9 M urea, 2 M thiourea, 4% CHAPS, protease

cocktail and 1 mM EDTA). 2-DE, in-gel protein digestion and electrospray ionization
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tandem mass spectrometry (ESI-MS/MS) were performed as previously described [Kim,

K.B. et al. Proteomics 6, 2444-53 (2006)].

Example 3: Adenovirus preparation and infection

An adenoviral vector with TRIM72 was constructed using ViraPower™ Adenoviral
Expression System (Invitrogen) under control of the cytomegalovirus (CMV).
Full-length-TRIM72 ORF (open reading frame) was cloned into an entry vector pENTR
(Invitrogen) using the restriction enzyme sites (Sall and Nofl) and homologously
recombined into a destination vector pAd/CMV/V5-DEST (Invitrogen) which has the
adenoviral genome and CMV promotor. The cloned TRIM72-adenoviral genome was
linearlized by cutting with Pacl restriction enzyme and transfected into 293A cells using
a ftransfection agent (GenePorter Il). After 10-15 days of the transfection, the
supernatant comprising adenovirus was re-transfected into 293A cells to obtain the
amplified adenovirus. The obtained adenovirus supernatant was purified into adenovirus
particles using cessium chlororide. C2C12 myoblasts grown in 6 well plates were

infected by adenovirus with the dosage of 4 x 10" VP/m.

Exmaple 4: Plasmids, transient transfection, and luciferase assay

IRS-1 constructs (full-length, 1-3729; PH-PTB domain, 1-900; Mid-region,
880-2608; Rear-region, 2581-3729) and TRIM72 cDNA constructs (full-length, 1-1431;
ARING, 181-1431; coiled-coil, 367-1020; CCSPRY, 367-1431; SPRY, 687-1431,
Acoiled-coil) were generated by PCR using the primers described in Table 1 and cloned
into pCMV-Tag2B vector and pCMV-3Tag4a vector (Stratagene), respectively.

Alternatvely, TRIM72 and TRIM72 C14A were generated by PCR reaction using the
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primers described in Table 1 and cloned into pHM6-HA vector, pPCMV-Tag2B or pHM6
vector (Roche). For TRIM72 promoter, 1269 bp, 1144 bp and 883 bp upstream
regions from ATG start codon were amplified by PCR reaction using the primers
described in Table 1. Site-directed mutagenesis of E2 and E3 boxes in 883 bp
fragment was performed by PCR reaction using the primers described in Table 1.
These constructs were inserted into pGL3basic vector (Promega). The coding regions
of mouse MyoD, Myf5, Myogenin and Mrf4 regions were amplified by PCR and cloned
into pcDNA3 vector (Invitrogen). Gene ftransfection was performed by using
Geneporter (Genlantis) or Lipofectamin (Invitrogen) according to manufacturer's
protocol. Luciferase activity in cell lysates was measured by using the luciferase assay
system (Promega) in a Luminoskan Ascent (Thermo Labsystem). We normalized the

relative luciferase activity to the activity of co-expressed B-galactosidase.

[Table 1] Sequences of Primers used in PCR reactions

Amplification . Rest.
Sequences of Primers
Target Enz.
full-length, Forward:GAATTCATGGCGAGCCCTCCGGAGAGCGAT gj;RI
1-3729 Reverse:GTCGACCTACTGACGGTCCTCTGGCTGGCTTCTG
PH-PTB Forward:GAATTCATGGCGAGCCCTCCGGAGAGCGAT \EcoR1
RS1 1 tomain, 1.900| Reverse:GTCGACGGTCAGCCCCACCTGGCTGGG Sall
constr
¢ Mid-region, Forward:GAATTCCCCAGCCAGGTGGGGCTGACC FEcoRl
ue 880-2608 Reverse:GTCGACTGCTGGCCTTGGGATCCCCCAGGGACAGCTTC Sall
\EcoRI
Rear-region, Forward:GAATTCCTGTCCCTGGGGGATCCCAAGGCCAGCACCTT S;lol
0581-3729 Reverse:GTCGACCTACTGACGGTCCTCTGGCTGGCTTCTG
TRIM [full-length, Forward:GAATTCATGTCGGCTGCGCCCGGCCTC \EcoRI
72 1-1431 Reverse:GGATCCGGCCTCGGCGCCTTCGGGACC \BamHI
cDNA| ARING, Forward:GAATTCCGGCCGCAGGCACTCAGCACC \EcoRl
constr [181-1431 Reverse: GGATCCGGCCTCGGCGCCTTCGGGACC \BamHI1
uct
ailedocail Forward:GAATTCGCCGAGGCCCACGCACGCCTC coRI

Reverse:GGATCCGAGCTGZ%TGGTGCGCCACCAC BamH]
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367-1020
CCSPRY, Forward:GAATTCGCCGAGGCCCACGCACGCCTC EcoRl
367-1431 Reverse:GGATCCGGCCTCGGCGCCTTCGGGACC \BamHI

Forward:GAATTCCCGCAGACTGAGTTCCTCATG EcoRl
SPRY, 687-1431) p overse: GGATCCGGCCTCGGCGCCTTCGGGACC BamHI
Acoiledcoil | Front_Forward:GAATTCATGTCGGCTGCGCCCGGCCTC

Front_Reverse:CTCAGTCTGCGGCTGTGTCTTGAGGCGTGC FcoRl
(397-696 Rear Forward:CTCAAGACACAGCCGCAGACTGAGTTCCTC BamHI
deletion) Rear Reverse:GGATCCGGCCTCGGCGCCTTCGGGACC

Forward:GAATTCATGTCGGCTGCGCCCGGCCTCCTGCACCAGGAG |EcoRl
TRIM72 C14A | CTGTCCGCCCCGCTGTGCCTG

Reverse:GGATCCGGCCTCGGCGCCTTCGGGACC BamHI
Forward: AAAGGTACCGAGCTTTGCAATATCTGG Kpnl
1269 bp Reverse: CAGCAAGCTTGGTGAGCCTGGGAAGAGG Hindlll
Forward: GCCGGTACCGGAATAAATTGTAGGTCA Kpnl
1144 bp Reverse: CAGCAAGCTTGGTGAGCCTGGGAAGAG Hindlll
TRIM Forward: CCAGGTACCGAGTTAGCACCATTAGCG Kpnl
- 883 bp Reverse: CAGCAAGCTTGGTGAGCCTGGGAAGAGG Hindlll
E3mutant:
promoy. and Forward: CCACTATATGCCTATAACCTTTTGCATCCACCCACT
tor Reverse: AGTGGGTGGATGCAAAAGGTTATAGGCATATAGTGG
E3 boxes Kpnl
E2mutant: Hindll

Site-directed Forward: GCATCCACCCACTGCAATCTTGCCCTGAATCCC
mutagenesis Reverse: GGGATTCAGGGCAAGATTGCAGTGGGTGGATGC

Example 5: RNA interference

SiRNA oligomer targeting TRIM72 was designed from Dharmacon. Target
sequence of TRIM72 is 5-AAGCACGCCUCAAGACACAGC-3'. The cell cultures were
transfected with control RNAi and TRIM72 specific siRNA using transfection reagent
(TransIT®-TKO, Mirus), which was prepared according manufacturer’s instruction.
Transfected cells were then transfered to media containing 2% horse serum at least for

48 h.

Example 6: Western blotting, immunoprecipitaiton and immuostaining

Western blotting and immunostaining were performed as described in Kim, K.B.

et al. Proteomics 6, 2444-53 (2006). For immunoprecipitation, cells were lysed in
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buffer containing 20 mM Tris-HCI pH 7.4, 137 mM NaCl, 1 mM MgCl,, 1 mM CaCl,, 20
mM NaF, 10 mM NaysP,07, 1% NP-40, 1 mM NazVO4;, 1 mM PMSF and protease
inhibitor cocktail (Roche). The whole cell lysates (600 ug protein) were incubated with
specific antibodies for 90 min and then with 50 ul of Protein A- sepharose or G-agarose

bead (50%) slurry for 1 h. The immunoprecipitates were analyzed by Western blotting.

Example 7: Northermn blotting

Premade Northern blot (MTN™) containing approximately 2 pg of poly A+ RNA
per lane from eight different mouse tissues was purchased from Clontech. After

prehybridization, [a**P]-labeled TRIM72 probe (789-1419 bp fragment) produced by

random priming (TaKaRa) was incubated for 2 h at 68°C in the hybridization solution in

kit. Hybridized blot was washed, dried and exposed to image plate. Recorded signal

was imaged by BAS Reader (BAS-25000, Fuji Photo Film).

Example 8: RT-PCR

Total RNA was extracted from the C2C12 myoblast and myotubes and single
stranded cDNA was synthesized using reverse transcriptase (MMLV, Invitrogen) and
random primers. The expressioh level of the TRIM72 during differentiation and in
various tissues was examined by semi-quantitative PCR. The following forward and
reverse primer pairs were used for specific amplification:
5-TCCCTGTTGTCAGGCATCTAC-3' and 5-TTCTTCCACACCTGGAATTTG-3' for
TRIM72, 5-GCTCAGCTCCCTCAACCAG-3' and 5-ATGTGAATGGGGAGTGGGA-3'
for myogenin, 5'-CTCCTTTGAGACAGCAGACGACTT-3' and

5'-AAATCGCATTGGGGTTTGAGCCTG-3' for MyoD,
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5'-AGGACATTCACTGCAAGGAGA-3' and 5-CAGAAGGTGCGGATACACAGT-3' for
caveolin-3, 5'-AGAAGGAGGAGGCAACTTCTG-3' and 5-ACATACTCATTG
CCGACCTTG-3' for MHC, 5-TGTCAGAGTCTAGGGGAATTGG-3' and $5-AGG
TTTGGAGACTGGGAGAG-3' for p21, and 5-GAAGAGCTATGAGCTGCCTGA-3' and

5'-CTCATCGTACTCCTGCTTGCT-3' for B-actin.

Example 9: Chromatin immunoprecipitation

Formaldehyde-fixed C2C12 myoblasts and myotubes were lysed with buffer
containing 0.5% NP-40, 5 mM PIPES and 85 mM KCI pH 8.0. After brief
microcentrifugation for 5 min at 5,000 rpm, the pellet was further incubated with nuclear
lysis buffer containing 50 mM Tris-HCI pH 8.0, 1% SDS, and 10 mM EDTA, sonicated
and centrifuged for 5 min at 5,000 rom. The supernatant was used in ChIP assay by
using anti-MyoD antibody as described in Wilson, E.M., and Rotwein, P. J. Biol. Chem.
281, 29962-29971 (2006). The immunoprecipitates were amplified by PCR with
primers. The forward and reverse primers were
5'-AGGGAGTGGGTAGGACAGCTAAATAT-3' and

5'-CAGGCTCAATGCAAGGGCAGGGA-3', respectively.

Example 10: The measurement of Pl(3)K activity

The immunoprecipitates with anti-p85 antibody were washed twice with buffer A
(20 mM Tris-HCI pH 7.4, 137 mM NaCl, 1 mM MgClz, 1 mM CacClz, 20 mM NaF, 10 mM
NasP,07, 1% NP-40, 3 mM benzamidine, 1 mM NasVO,, and protease inhibitor cocktail)
and once with the PI(3)K reaction buffer (10 mM Tris-HCI pH 7.4, 100 mM NaCl, 1 mM

EDTA and 1 mM sodium vanadate) and suspended in 50 pi of reaction buffer containing
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60 ug of phosphoinositide (PI, Sigma) and 20 pCi [y-P*)]. The phosphorylated lipids

were separated by TLC as described in Ueki, K., et al. Mol Cell Biol 20, 8035-46 (2000).

Example 11: IRS-1 ubiquitination

293T cells are transfected with pCMV-HA-TRIM72 (1 ug) or pCMV-HA-TRIM72
C14A (1 pg) and pCMV-Flag-IRS-1 (3 pg) and His-ubiquitin (3 pg) using Polyfect
(Qiagen). Twenty-four hours after transfection, cells were treated with MG132 (5 uM)

for 12 h. Cell lysates were immunoprecipitated with anti-Flag for 2 h. The

immunoprecipitates were analyzed by Western blotting against anti-His antibody.

Result 1: TRIM72 is found in lipid rafts of skeletal muscle cells.

Insulin-like growth factors | and 1l (IGF-I and IGF-Il) are essential for skeletal
muscle development, hypertrophy and regeneration [Glass, Trends Mol. Med., 9, 344,
2003; Glass, Nat. Cell Biol., 5, 87, 2003]. Skeletal precursor stem cells, which are
satellite cells, lose their muscle differentiation activity when treated with anti-IGF-II
antibbody or anti-sense IGF-ll, whereas IGF-I overexpression in mice leads to
significantly increased muscle mass and force generation [Musaro, Nat. Genet., 27, 195,
2001; Erbay, J. Cell Biol., 163, 931, 2003; Wilson, 281, 29962, 2006; Wilson, 282, 5106,
2007). IGF-l and IGF-Il transducer cellular signaling via the IGF-I receptor (IGFR)
which subsequently recruits insulin receptor substrate-1 (IRS-1). The recruited IRS-1
activates PI3K-AKT and Ras-Raf-MEK-ERK signaling pathway pathways (FIG. 1). The
Ras-Raf-MEK-ERK pathway controls muscle fiber type whereas the PI3K-AKT pathway
induces muscle differentiation and hypertrophy [Rommel, 286, 1738, 1999; Murgia, 2,

142, 2000]. The activated AKT induces phosphorylation of mTOR, GSK3p and FOXO,
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thereby stimulating muscle differentiation and suppressing muscular atrophy [Bodine,
Nat. Cell Biol., 3, 1014, 2001; Rommel, Nat. Cell Biol., 3, 1009, 2001; Hriba, J. Cell Biol.,
162, 535, 2003; Sandri, Cell, 117, 399, 2004].

Lipid rafts might play a crucial role in skeletal muscle differentiation and
hypertrophy because they enrich IGF signaling molecules such as IGFR, IRS-1, PI3K,
AKT and GSK3 [Huo, J. Biol. Chem., 278, 11561, 2003; Panetta, Biochem. Biophys.
Res. Commun., 316, 240, 2004; Arcaro, Cell Signal., 19, 1081, 2007; Hill, Curr. Biol., 12,
1251, 2002; Sui, Biochem. Biophy. Res. Commun., 345, 1645, 2006]. Thus, novel
signaling molecules involved in skeletal muscle differentiation could be discovered by
the proteomic analysis of lipid rafts. The inventors isolated detergent-resistant lipid
rafts from C2C12 myoblasts and myotubes, based on the Triton X-100 insolubility and
low density. C2C12 mononucleated myoblasts were differentiated into multinucleated
myotubes by incubating them with 2% horse serum for 2 days. The lipid raft proteins
were resolved by two-dimensional electrophoresis and visualized by silver staining.
Myotube-specific lipid raft proteins indicated by arrows in two-dimensional
electrophoresis profiles (FIG. 2) were identified by Q-TOF/MS. Among these protein
spots, four had a molecular weight of 55 kDa and were identified as TRIM72, whose
function has never been investigated [FIGS. 2A and 2B]. ID NM 001079932 or
[0i|142370482] is mouse TRIM72, and ID NM 001008274 or [gi|142378442] is human
TRIM72. FIG. 3A shows the mass spectrum data of TRIM72 identified by Q-TOF/MS,
and FIG. 3B shows the amino acid sequence of TRIM72. TRIM72 contains
TRIM/RBCC (tripartite motif or N-terminal RING finger/B-box/coiled coil) and SPRY
(Spla and Ryanodine receptor) domains (FIGS. 3B and 3C), which are necessary for

ubiquitin E3 ligase activity and protein-protein interaction, respectively.

27



WO 2009/031842 PCT/KR2008/005234

Result 2: TRIM72 is found in lipid rafts of skeletal muscle and heart muscle.

TRIM72 was exclusively expressed in skeletal muscle and heart as determined
by Western blotting and Northern blotting (FIGS. 4A and 4B). Further, TRIM72 began
to be expressed with myogenesis markers such as myogenin, caveolin-3 and MyHC
(myosine heavy chain), as determined by RT-PCR and Western blotting (FIGS. 4C and
4D). TRIM72 was expressed with caveolin-3 in plasma membrane of myotubes and
mouse heart and skeletal muscle, as determined by immunofluorescence (FIG. 5A) and
was enriched in plasma membrane or lipid rafts (FIGS. 5B and 5C). This indicates that
TRIM72 is a lipid raft protein in heart and skeletal muscle. Interestingly, TRIM72 was
highly expressed heart and skeletal muscle isolated from the mice in the postnatal stage
whereas it was not expressed in the embryonic stage (FIG. 5D). This indicates that

TRIM72 is not involved in cardiogenesis and myogenesis in the embryonic stage.

Result 3: TRIM72 suppresses muscle differentiation.

In order to understand the role of TRIM72 in myogenesis, TRIM72 was
overexpressed in C2C12 myoblasts by treating with an adenoviral vector or expression
of TRIM72 was interfered using SiRNA, and myogenesis was monitored. As shown in
FIG. 6A, myogenesis was prevented by TRIM72 overexpression, but enhanced by
TRIM72 knockdown. The degree of muscle differentiation can be identified from the
degree of MyHC staining. The amount of MyHC decreased when TRIM72 was
overexpressed, but it increased rapidly when TRIM72 was knocked down (FIG. 6B).
Further, myogenesis was completely prevented by TRIM72 overexpression as

determined by the expression level of myogenesis marker proteins (myogenin,
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caveolin-3 and MyHC), nucleus number per myotubes, and the like (FIGS. 6C and 6D),
whereas TRIM72 knockdown enhanced muscle differentiation. This suggests that

TRIM72 is a negative regulator in muscle differentiation.

Result 4: TRIM72 inhibits IGF-I-mediated activation of PI3K/AKT.

Since IGF is a major growth factor regulating skeletal muscle differentiation and
hypertrophy, the possible involvement of TRIM72 in the IGF-lI-mediated activation of
IGFR/IRS-1/PI3K/AKT activation was investigated after overexpressing or knocking
down TRIM72 in myoblasts and myotubes. [GF-l-induced AKT phosphorylation was
inhibited by TRIM72 overexpression, but enhanced by TRIM72 knockdown (FIG. 7A),
showing that TRIM72 prevented AKT activation. In contrast, IGF-l-induced ERK1/2
phosphorylation was not changed by TRIM72 overexpression or knockdown, suggesting
that the IGF-I/IGFR/Raf/MAPK signaling pathway might not be affected by TRIM72.
TRIM72 inhibition of IGF-induced AKT phosphorylation prompted the inventors to test
the effect of TRIM72 on PI3K activation. FIG. 7B shows that IGF-l-induced PI3K
activation was abrogated by TRIM72 overexpression, but enhanced by TRIM72
knockdown.  This shows that TRIM72 regulates PI3K activation through the

IGF-I/IGFR/IRS-1 signaling pathway.

Result 5: TRIM72 binds with IRS-1 and blocks IGF-I signaling.

Next, the effect of TRIM72 on IGF-l-induced tyrosine phosphorylation of IGFR
and IRS-1 was investigated. The tyrosine phosphorylation of IGFR induced by IGF-I
was not changed by TRIM72 overexpression or knockdown (FIG. 8). However, as

shown in FIG. 8, the tyrosine phosphorylation of IRS-1 was decreased by TRIM72
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overexpression, but increased by TRIM72 knockdown. Moreover, the molecular
association of IRS-1 with PI3K after IGF-l stimulation was weakened by TRIM72
overexpression, but fortified by TRIM72 knockdown. This result shows that TRIM72
inhibits IGF-l-induced IRS-1 activation by binding with IGFR or IRS-1. In order to
demonstrate this, the molecular association of TRIM72 with IRS-1 was tested by
endogenous immunoprecipitation in C2C12 myotubes treated with IGF-| for 0, 5 and 30
minutes. As shown in FIG. 9A, TRIM72 and IRS-1 were tightly associated together
even in the absence of IGF-I stimulation. In order to analyze the binding domains of
TRIM72 and IRS-1, various mutants of both genes were ma-nufactured (FIG. 9B) and
transfected into 293 cells. Then, the binding activity was investigated by
immunoprecipitation. As shown in FIGS. 9C and 9D, the Mid (300-870) and Rear
(871-1243) regions of IRS-1 bound with the coiled-coil domain of TRIM72. It should be
noted that the 293 cells were treated with MG132 (proteasome inhibitor) after

transferring IRS-1 and TRIM72.

Result 6: TRIM72 mutant with no RING domain is a dominant negative form of TRIM72.

TRIM72 has a consensus sequence in the RING domain binding with Zn?*. The
Zn?*-binding sequence has ubiquitin E3 ligase activity (FIG. 10A). Thus, DN-TRIM72
mutant genes without the RING domain (ARING TRIM72) or the 14th amino acid of
which was substituted from cystine to alanine (C14A TRIM72) were manufactured.
Wild type TRIM72, ARING TRIM72 and C14A TRIM72 genes were expressed in
myoblasts and muscle differentiation was induced. Whereas wild type TRIM72
inhibited muscle differentiation, ARING TRIM72 and DN-TRIM72 enhanced muscle

differentiation (FIG. 10B). It is conjectured that ARING TRIM72 and C14A TRIM72
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acted as dominant negative form of TRIM72.

Result 7: IRS-1 protein is degraded by TRIM72.

As shown in FIG. 9, treatment with MG132 (proteasome inhibitor), which
degrades protein through ubiquitination, is necessary to express TRIM72 and IRS-1
genes. This indicates that TRIM72 having E3 ligase activity may target IRS-1 and
promote its ubiquitination. In order to explore this possibility, it was investigated
whether the expression of IRS-1 changed depending on the presence or absence of the
TRIM72 gene. As shown in FIG. 11A, IRS-1 was expressed normally in the absence
of TRIM72, but its expression decreased in the presence of TRIM72. Further, the
expression of IRS-1 decreased as the expression of TRIM72 increased (FIG. 11B).
However, when MG132 was treated, IRS-1 was expressed normally even in the
presence of TRIM72. This result suggests that TRIM72 is an E3 ligase that
ubiquitinates IRS-1. In order to identify whether TRIM72 actually promotes
ubiquitination of IRS-1, TRIM72, IRS-1 and ubiquitin were co-expressed in 293 cells and
the ubiquitination of IRS-1 was investigated. As shown from FIG. 11C, TRIM72
increased IRS-1 ubiquitination, but TRIM72 C14A completely inhibited IRS-1

ubiquitination.

Result 8 TRIM72 promotes ubiquitination of M-Cadherin by interacting with

M-Cadherin.
The first event necessary for differentiation of muscle cells is the fusion between
myoblasts. For the myoblasts to fuse together, the cell adhesion proteins N-Cadherin

and M-Cadherin are essential. Cadherins are known to induce cell cycle arrest via
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B-Catenin and p120. Interestingly, TRIM72 overexpression in myoblasts completely
inhibits fusion between cells (FIG. 6), suggesting that TRIM72 might be a negative
regulator of N-Cadherin or M-Cadherin activity. In order to test this, the amount of
mRNAs for N-Cadherin and M-Cadherin during muscle differentiation was monitored by
RT-PCR. There was no change since the muscle differentiation started (FIG. 12A).
However, the amount of the proteins M-Cadherin and B-Catenin began to decrease 4
days after beginning of the muscle differentiation (FIG. 12B). The fact that the amount
of the protein M-Cadherin decreased while the amount of corresponding mRNA was
maintained constant during muscle differentiation shows that cell fusion is regulated by
degradation of proteins. Since the amount of M-Cadherin decreases during muscle
differentiation by TRIM72 expression, the expression of M-Cadherin might be controlled
by TRIM72. In order to test this, TRIM72 was overexpressed in myoblasts and the
expression of M-Cadherin was monitored. As shown from FIGS. 12C and 12D, the
expression of M-Cadherin decreased in myoblasts where TRIM72 was overexpressed.
In contrast, inhibition of TRIM72 in myoblasts using Si-RNA resulted in increased
expression of M-Cadherin (FIG. 12E). This result strongly suggests that TRIM72 can
promote the degradation of M-Cadherin. In order to test this, ubiquitination of
M-Cadherin was investigated in myotubes under reduced amount of TRIM72. As
shown from FIG. 12F, Si-Control treated cells showed stained band (which denotes
ubiquitination), whereas Si-TRIM72-treated cells did not. This strongly indicates that
the ubiquitination of M-Cadherin is inhibited in the absence of TRIM72. Further,
inhibition of TRIM72 expression by Si-RNA resulted in increase binding between

M-cadherin and catenins (3-Catenin and p120 catenin).
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For the TRIM72 to ubiquitinate M-Cadherin, three should be an interaction
between the TRIM72 and M-Cadherin proteins. In order to test this, the cellular protein
of myotubes was immunoprecipitated using TRIM72 antibody or M-Cadherin antibody,
and it was investigated whether M-Cadherin or TRIM72 existed in each
immunoprecipitant. As shown from FIGS. 12G and 12H, TRIM72 and M-Cadherin
were strongly associated with each other. This result shows that TRIM72 binds with
M-Cadherin and promotes ubiquitination of M-Cadherin, thereby reducing the amount of

the M-Cadherin protein and inhibiting excessive fusion of myoblasts.

Result 9: TRIM72 promoter contains E-boxes for binding with MyoD.

Since TRIM72 expression is gradually increased during myogenesis (FIG. 4), it is
tempting to speculate that the TRIM72 promoter contains E-boxes that are binding sites
for the activated MyoD. Indeed, the TRIM72 promoter contained six E-boxes (FIG.
13A). To determine the E-boxes required for MyoD-induced TRIM72 expression, the
luciferase reporters with various truncation mutants in TRIM72 promoter were
transfected into C2C12 myoblasts. Two days after differentiation into myotubes,
luciferase activity was measured for the promoter activity. As shown from FIG. 13A,
truncation or mutation of E2 and E3 boxes led to decreased TRIM72 promoter activity.
Therefore, it can be seen that both E2 and E3 boxes were required for TRIM72
transcription. Further, it was shown that the TRIM72 promoter activity was significantly
increased in C2C12 myoblasts, NIH3T3 cells and 293Tcells by the transient expression
of MyoD and Mrf4 (FIGS. 13B-D). In addition, MyoD was specifically associated with

the E2 and E3 boxes of the TRIM72 promoter in myotubes, as determined by chromatin
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immunoprecipitation (ChIP) (FIG. 13E), indicating that MyoD activated during
myogenesis is required for TRIM72 transcription.

Further, the IGF signaling pathway inducing TRIM72 transcription was dissected
by pharmacological approaches. As shown from FIG. 14A, TRIM72 transcription in
IGF-I-induced muscle differentiation decreased by 4 times when PI3K was inhibited by
LY294002, whereas there was no change when mTOR was inhibited by rapamycin or
when GSK3p was inhibited by LiCl. In addition, MyoD-dependent TRIM72 transcription
in myoblasts was also decreased by L.Y292002 but was not affected by rapamycin or
LiCl (FIG. 14B). The IGF signaling pathway inducing TRIM72 transcription was also
analyzed by genetic approaches. The TRIM72 promoter activity was increased to
2-fold by the expression of constitutively active AKT, but not changed by that of FOXO1
or GSK3B in myotubes (FIG. 14C). In addition, the TRIM72 promoter activity was
decreased in myotubes by silencing of AKT (FIG. 14D). With the pharmacological and
genetic studies, it can be concluded that TRIM72 transcription requires the MyoD

activated by the PI3K-AKT pathway, not depending on mTOR, FOXO and GSK3g.

Result 10: TRIM72 operation model: TRIM72 is a muscle differentiation inhibiting

protein which targets IRS-1 and blocks IGF-I signaling.

Based on these test results, the mechanism by which TRIM72 inhibits muscle
differentiation can be proposed as shown in FIG. 15. As TRIM72 is expressed along
with muscle differentiation (The inventors have identified that TRIM72 expression is
dependent on PI3K/AKT signaling), it binds with IRS-1, thereby blocking the

IGF-I-induced tyrosine phosphorylation of IRS-1 and inhibiting IGF-I signaling. This
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clearly shows that TRIM72 is a negative feedback regulator that controls excessive

muscle enhancement or hypertrophy.

[Industrial Applicability}

As described, the inventors of the present invention have identified that TRIM72
overexpression inhibits myogenesis whereas TRIM72 knockdown enhances
myogenesis, and first elucidated that TRIM72 is a negative regulator of skeletal muscle
differentiation.  Accordingly, the inhibition of TRIM72 acts exclusively on skeletal
muscle and heart muscle, but does not affect IGF-I signaling pathway in other tissues.
Therefore, a drug or gene therapy using TRIM72 as a target may be helpful in treating
obesity and type 2 diabetes by promoting skeletal muscle differentiation, hypertrophy
and energy consumption in adipose tissue and inducing strong muscle by promoting
physiological hypertrophy of heart muscle, without cancer or other side effects. Further,
cattle with enhanced muscle mass may be produced by control of TRIM72 gene
expression or production of TRIM72 gene-modified animals. And, candidate materials
inhibiting the interaction of TRIM72 and M-Cadherin (or IRS-1) may be used as muscle
enhancer or heart enhancer. In addition, the muscle enhancer or heart enhancer may
be developed into treatments for obesity, type 2 diabetes, muscle disease, cardiac

hypertrophy, or the like.
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[CLAIMS]
[Claim 1]

A composition for enhancing muscle or heart comprising an expression or action

inhibitor of TRIM72 protein as an effective ingredient.

[Claim 2]

The composition for enhancing muscle or heart according to claim 1, wherein the

TRIM72 protein has an amino acid sequence of SEQ ID NO: 1 or 2.

[Claim 3]

The composition for enhancing muscle or heart according to claim 1, wherein the
expression or action inhibitor of TRIM72 protein downregulates the transcription or

translation of TRIM72 gene or inhibits the action of TRIM72 protein.

[Claim 4]

The composition for enhancing muscle or heart according to claim 1, wherein the
expression inhibitor of TRIM72 protein is TRIM72 siRNA (short interfering RNA) having
a base sequence complementary to the mRNA of TMRIM72 gene or a gene transcribing

the TRIM72 siRNA.

[Claim 5]

The composition for enhancing muscle or heart according to claim 4, wherein the

TRIM72 siRNA has a base sequence of SEQ ID NO: 3.
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[Claim 6]
The composition for enhancing muscle or heart according to claim 1, wherein the

action inhibitor of TRIM72 protein is a substance inhibiting the interaction of TRIM72

and IRS-1 or M-Cadherin.

[Claim 7]

The composition for enhancing muscle or heart according to claim 1, wherein the
expression or action inhibitor of TRIM72 protein enhances PI3K/AKT activation induced

by IGF-1.

[Claim 8]

The composition for enhancing muscle or heart according to claim 1, wherein the
expression or action inhibitor of TRIM72 protein improves the interaction of IRS-1 and

PI3K by increasing tyrosine phosphorylation of IRS-1.

[Claim 9]

The composition for enhancing muscle or heart according to claim 1, wherein the
expression or action inhibitor of TRIM72 protein inhibits ubiquitination of IRS-1 or

M-Cadherin by TRIM 72.

[Claim 10]

A method for screening muscle or heart enhancer comprising:
(a) treating an agent in animal cells expressing TRIM72 protein; and
(b) determining whether the expression of TRIM72 protein decreases as
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compared to a control group in which the animal cells are not treated with the agent.

[Claim 11]

A method for screening muscle or heart enhancer comprising:
(a) treating an agent in animal cells expressing TRIM72 protein; and
(b) determining whether the interaction of TRIM72 with IRS-1 or M-Cadherin is

inhibited in the animal cells.

[Claim 12]

A composition for inhibiting muscle differentiation comprising a TRIM72 protein

having an amino acid sequence of SEQ ID NO: 1 or 2 or a gene encoding for the same.

[Claim 13]

The composition for inhibiting muscle differentiation according to claim 12,

wherein the gene is inserted in an animal cell expressing vector.

[Claim 14]

The composition for inhibiting muscle differentiation according to claim 13,

wherein the animal cell expressing vector is an adenoviral vector.

[Claim 15]

The composition for inhibiting muscle differentiation according to claim 12,

wherein the TRIM72 protein inhibits PI3K/AKT activation induced by IGF-1.
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[Claim 16]

The composition for inhibiting muscle differentiation according to claim 12,
wherein the TRIM72 protein binds to IRS-1 and reduces tyrosine phosphorylation of

IRS-1, thereby inhibiting the interaction of IRS-1 with PI3K.

[Claim 17]

The composition for inhibiting muscle differentiation according to claim 12,
wherein the TRIM72 protein promotes ubiquitination of IRS-1 or M-Cadherin by

interacting with them.

[Claim 18]

An siRNA (short interfering RNA) molecule for TRIM72 gene having a base

sequence of SEQ ID NO: 3.

[Claim 19]

A TRIM72 mutant protein (ARING TRIM72) in which the RING domain is deleted

from an amino acid sequence of SEQ ID NO: 1 or 2..

[Claim 20}

The TRIM72 mutant protein according to claim 19, which has an amino acid

sequence of SEQ ID NO: 4 or 5.

[Claim 21]

A TRIM72 mutant gene which has a base sequence encoding for the TRIM72
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mutant protein (ARING TRIM72) of claim 19.

[Claim 22]

A TRIM72 mutant protein (DN-TRIM72) in which the 14th amino acid in an amino

acid sequence of SEQ ID NO: 1 or 2 is substituted from cystine to alanine.

[Claim 23]

A TRIM72 mutant gene which has a base sequence encoding for the RIM72

mutant protein (DN-TRIM72) of claim 22.

[Claim 24]

A composition for enhancing muscle or heart comprising the TRIM72 mutant

protein or the gene encoding for the same according to one of claims 19 to 23.

[Claim 25]

The composition for enhancing muscle or heart according to claim 24, wherein

the gene is inserted in an animal cell expressing vector.

[Claim 26]

The composition for enhancing muscle or heart according to claim 25, wherein

the animal cell expressing vector is an adenoviral vector.

[Claim 27]

An animal cell expressing vector comprising the TRIM72 mutant gene according
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to claim 21 or 23.

[Claim 28]

The animal cell expressing vector according to claim 27, wherein the animal cell

expressing vector is an adenoviral vector.

[Claim 29]

A virus clone obtained by packaging an adenoviral vector according to claim 28

in 293T cells.

[Ciaim 30]

Animal cells transformed by the animal cell expressing vector according to claim

27.

[Claim 31]

A TRIM72 promoter in which the E2 or E3 box is truncated or mutated from a

base sequence of any of SEQ ID NOS: 6 to 8.

[Claim 32]

The TRIM72 promoter according to claim 31, which has a base sequence of SEQ

ID NO: 9 or 10.
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