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(57) ABSTRACT

The invention provides compositions and kits containing an
atrogin-1 inhibitor compound useful for the treatment of a
statin-mediated myopathy. Kits for the diagnosis of a statin-
mediated myopathy are also provided. The invention further
features methods for treating or preventing a statin-mediated
myopathy in a subject via administration of a therapeutically
effective amount of an atrogin-1 inhibitor compound. The
invention further provides methods of diagnosing a subject as
having a propensity to develop a statin-induced myopathy
and methods of monitoring a statin-induced myopathy or a
propensity to develop a statin-mediated myopathy in a sub-
ject. The invention also features methods for identifying a
compound for the treatment of a statin-mediated myopathy
and methods of identifying a statin compound as having the
propensity to induce a statin-mediated myopathy.
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Figure 1
Human atrogin-1 protein (SEQ ID NO: 1)
1 mnilekvvlk vledqgnirl irellqgtlyt slctlvqrvg |
41 ksvlvgnihm wvyrmetilh wggglnnigi trpafkgltf
81 tdlplclgln imgrlsdgrd lvslggaapd lhvlsedrll
121 wkklcgyhfs erqgirkrlil sdkggldwkk myfklvrcyp
161 rkeqygdtlqg lrkhchilsw kgtdhpctan npescsvsls‘

201 pgdfinlfkf
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Figure 2

Human atrogin-1 mRNA (SEQ ID NQO: 2)
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Figure 2 (Continued)
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Figure 3

Mouse atrogin-1 protein (SEQ ID NO: 3)
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Figure 4

Mouse atrogin-1 mRNA (SEQ ID NO: 4)
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agtgcaagga
ccacactagt
gtcgttcccece
gcaagccagg
gtcggtcgeg
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Figure 4 (Continued)
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Figure 4 (Continued)
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Figure SA
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Figure 5B

-1,expression (fold change)
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Figure 6A
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Figure 7A
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Figure 7B
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Figure 7C
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Figure 7D
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Figure 8A
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Figure 8B
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Figure 9
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Figure 10A

thin & " irregular somite
frrequiar appearance boundaries



Patent Application Publication  Dec. 9,2010 Sheet 20 of 64  US 2010/0310574 A1

Figure 10B
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Figure 11A
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Figure 11B
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Figure 12A
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Figure 12B
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Figure 13A
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Figure 13B

0 05 1 lovastatin(uM)
atrogin-1

H



Patent Application Publication  Dec. 9,2010 Sheet27 0of 64  US 2010/0310574 Al

Figure 13C
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Figure 13D
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Figure 13E
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Figure 13F
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Figure 14A
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Figure 14B
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Figure 15A o
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Figure 15B
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Figure 16A
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Figure 16B
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Figure 16C
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Figure 16D
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Figure 16E
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Figure 16F
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Figure 16G
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Figure 16H
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Figure 161
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Figure 16J
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Figure 17
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Figure 18
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Figure 19
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Figure 20A
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Figure 20B
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Figure 21

Human PGC-1a protein (SEQ ID NO: 11)
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Figure 22

Human PGC-1a mRNA (SEQ ID NO: 12)
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Figure 22 (Continued)
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cctctgaccc
catttgagaa
actctctgga
cctcataaag
caaagctgaa
atcaaagaag
ggcaataact
tgtatgcaca
acacgaggaa
tttggtgacc
cagaaatact
tagacaacta
gggcagattt
tgagagagac
cagcacaaga
gagctgaaca
ttgacgacga
tgatttcagt
ataaattcag

gcgaagatga
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ctccaaaaaqg
ttacaagcca
cagagtcacc
caagactatt
actgcaggcc
ccaaccaaga
gtcctcttgce
cccaggtaca
ccaccaagaa
actcagcaag
aggaagacca
atgactattg
cattaatata
gaaaataaag
gttcttccac
tttggaggca
aaacagctcc
agcacttcgg
agcagacaag
aatgaacaat
gactagccat

aagtgataaa
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2241
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ctgagctacc
tcaatgtgtc
tagagattct
agaccccaaa
gacacaggtc
atcaaggtct
tattactatg
gaaattctcc
ctacagccgt
cagcacgaga
atgagaagcg
gcagaggcag
gtcggtaaaa
gggaccgttt
agtaaatctg
acctaccgtt
atggatacac
gctgtacttt
tatgcagacc
cttccaccaa
tttactgaaa

gttccctagce
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Figure 22 (Continued)

cttgggatgg

tcecttcettgt
gtgtcaccac
ggatgcgctc
gtgttcccga
ccaggcagta
agtcaagcca
cttgtatgtg
cggcccaggt
ggctgaagag
agagtctgag
aaggcaattg
tcagacctga
tgaagttttt
cgggatgatg
atacctgtga
tttgcgcagg
tgtggacgca
tagattcaaa
gagcaagtat
gaagctcaga

tgaggatgac

cacgcaatcc
tcttctttta
ccaaatcctt
tcgttcaagg
tcaccatatt
gatcctcttc
ctacagacac
agatcacgtt
atgacagcta
ggaagaatat
agggccaagc
aagagcgccg
cacaacacgg
ggtgaaattg
gagacagcta
tgcttttgct
tcaaacgaaa
agcaattttt
ctcagatgac
gactctctgg
gaagcttgcg

agagggatgg
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tattcattgt
actctccatg
attttctcaa
tcettttete
ccaggtcaag
aagatcctgc
cgcacgcacc
caagatcgcc
cgaggaatat
cgcagagagt
aaagggagag
tgtgatttat
acagaactga
aggagtgcac
tggtttcatt
gctcttgaaa
ctgactttga
caagtctaac
tttgaccctg
attttgatag
caggtaacat

cgaatacctc
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3001
3041
3081
3121
316l
3201
3241
3281
3321
3361

3401

atgggacagc
tacttaggaa
acaaaacaaa
caataacaac
ggcaagagac
catgggtgtc
tggagtgtgc
gtgtgtggtg
ggtacatgtg
agggcaaacc
cgcttaaaac
aaaaggaaat
atatataaat
accaaccaac
ctgatgtctg
gaaagtgcag
cgtaatgatt

catagaacta

tctctttttt

gtgggagagg
ctaacatttt

cacccatgta

Dec.9,2010 Sheet 54 of 64

Figure 22 (Continued)

gcgtceccttcece
tttctcctac
acaacaacaa
aatggtttac
agaatgatat
agctttgett
gtgtgtgcat
tgtgtgcttg
aggactgggg
atttcaaatg
ctagaacttc
atatatatat
taaaaaggaa
caaccacaaa
ggcatcagcc
aatcaacttg
atatgacaat
atatcctgtc
ttttcttttt
atactgcggg
gaagtttctg

aatgtccaaa

ctaaagacta
tttacactct
tacaacaaga
atgaacacag
ccagtaagca
ttcctggagt
gtatgtgtgt
gtttagggga
gcacctgacc
gcagcagttc
aaaatgttcg
atatatatat
agaaaactaa
ccaccctaaa
tttgtactct
aagcaagctt
cctgaagaaa
tctctctcete
ccttttgcca
caccagaatg
tagttcatcc

atgttgatct

US 2010/0310574 A1

ttgcaagtca
ctgtacaaaa
acaacaacaa
ctgctgaaga
catgtttatt
ctcttggtga
gtgtatgtat
agtatgtgtg
agaatgcgca
catgaagaca
tattctattc
atatatatat
caaccaacca
atgacagccg
gtttttttaa
tctctcataa
ccacaggttc
tctctectcete
tggaatctgg
ctaaagtttc
ttaatcctga

tccactgcaa



Patent Application Publication

3441
3481
3521
3561
3601
3641
3681
3721
3761
3801
3841
3881
3921
3961
4001
1041
4081
4121
4161
4201
4241

4281

Dec. 9,2010 Sheet 55 of 64

Figure 22 (Continued)

atttcaaaag ccttgtcaat ggtcaagcgt

cagcggttct
taatgagagt
agtgtaattg
agatgttaaa
acaacaatgt
gcagccttct
gaatattcaa
cactaacata
tttgattgta
agtgcaacaa
ccttaggtga
tcctagtcecc
ttccacattt
tacactggat
aatttttcta
caatgggtaa
aacagtagtt
atgctgtttt
aaaatgctga
attaatgtgt

ctttccecettg

ttctgaggag
tgggtagaac
ctacattctc
tggagtattt
tcttttttgt
tttcaaaact
atgtaattat
tttagaagct
aaaacaaaaa
gagcaaaatg
gcttcaatct
ctaaaggtat
tcttgtcgcet
ttgttagggg
gaagatatca
ccattaagaa
ttgaaactag
gttttaattt
ggtaataatt
gtctgaagac

gcagagtatg

cggacaccgg
tctctgagat
tgatgtagtt
ttattttatg
tacagctatg
gctaaatttt
gaggtgaaac
gaacttactg
gacagtgtgt
atgctttccg
aagcatcttg
taaccacttc
tgtttttctt
aatgaaattt
tgattttatg
atgtttttat
aagtcaaaaa
ttgtgatttt
atagtatgat
tatctttgaa

acgatggtat
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gcagcttgtt
gttacattac
gtgttcagat
aagtatttac
tatatactat
cactgtaaat
tcttaatcaa
aattattgta
cttatatata
gtgtctgttg
cacatccatc
tcaagaaata
tgcgatattt
tgaagtttta
tctcatctaa
taaagtctct
tttctctatc
tctttttaaa
aatttgatac
ttttacaata
gccagtattt

ttatctgtat
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4321
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4401
4441
4481
4521
4561
4601
4641
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4721
4761
4801
4841
4881
4921
4961
5001
5041
5081
5121

5161

tttttacagt
ttecctttgtt
tagcctatft
aagccagtgg

tcaggttgga

tttgcagaag

tgacgtgacc
ctaaatttaa
catcaggatt
ttcagtaaca
agattcgatt
acatgataca
tcgcccaaca
ccaatgéagc
agcatattgt
ggatgcttgc
atagaaagca
tcacaggttc
gcctaattct
taactgtgtg
tctgaatttt

aagactatta
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Figure 22 (Continued)

tatgcatcct
tactaaagag
attataaatt
aaattttcta
gtgtaagtgc
cagtgtttcf
atggtgttgt
taaaaacttc
tcatctgagt
tttggagtgt
actgtttggce
cctactactc
cgatcttgta
taattttgat
gttctgagtg
ttgatttttt
ataaaaatac
tgcgttacaa
tgttgttctg
aacgccaaac
gagtatcttc

agagcaataa

gtataaatac
acatatttat
atgagatgat
cctaggatgc
ttcatttggg
acttgcacta
tcttgatgac
agaaaaacct
gtggagtccc
gtattcaagt
tgacatgact
aattgttctt
agatggattt
agctgcattc
aatccactgt
ggcttcttat
tatgaaatga
cagtaacaca
taggttaaat
taaagtttac
tgttgtagaa

attattttta
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tgatatttca
cagttgcaga
gaaaataata
atgacaattg
aaattcagct
gcatggcctc
attgcttctg
ccattttgat
tggaatggaa
ttctaaattg
tttctggaag
ttcctttete
cacccccagg
atttatcacc
ttgtcctgtce
ttctaagtag
aagaacttgt
tctttaatcc
gcaggtattt
agtctttctt
taataataaa

agaaatcgag



Patent Application Publication

5201
5241
5281
5321
5361
5401
5441
5481
5521
5561
5601
5641
5681
5721
5761
5801
5841
5881
5921
5961
6001

6041

atttagtaaa
tctctatttt
tacattctcc
atacttggtt
cagatatcat
agcctgacaa
atggacttca
atcttctgca
ctgtgctcct
aatatttcaa
gcaaatttca
tgggccattg
aattttggta
ttttettttt
gtgcaacaaa
aacagttggg
ctttgcacta
aaggaaacct
ggtaatgatt
acttcaatca
ctagaatagc

gtacctatgt
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Figure 22 (Continued)

tcctattatg
gcctttaaat
tttttgccect
tcttttctta
attgaggatt
atattgttac
aattgcatct
gacactgtgg

ctcattttta

atgaacacgt

gcatagatct
cCttcatgcc
accgaactgg
taaaagagat
atcaattttt
ctgtcaacat
ttggggtatg
tttcatgcct
atgtgtcctt
ctgtagtcta
catgtactat

gacagacatt

tgttcaagga
ttttgtgaac
ggattgttga
éttatcaaaa
aatttatccc
catgaagata
agaattagtg
gtagcccatc
tttttatttt
gcaccccatc
gtaggatttt
gtggtaagta
tgctttagta
gtagcagaat
tgctaaacga
tcaaagcagc
atgtttgggt
ttagatgtga
tcttgatggce
agacctgatc
aatgtgatga

ttcaataatg
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ccacatgtgt
caattttaaa
catgagtgga
gacagcacta
ccctaccccce
gttttcctca‘
gagcttttgt
aaaatgtaag
tttgggagag
atcactggag
tagaagaccg
ccacatctac
atgtggattt
aattcttcca
ctccgagaac
agagagggaa
cagttgataa
gcttccagta
tgtaatgaga
tatagatgac
ttctaaattt

tgaactgctg
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6081
6121
olel
6201
6241

6281

atttgatgga
atactgttgg
attagttgag
ttctacatgt
ttcctgtgat

cactgagcta

Figure 22 (Continued)

gctactttaa gatttgtagg
ttgaactatg ctgaagaggg
cccttgececgg gectttttte
attgttgtgg ttttattcét
tttttttaaa tgtgcagtac

ataaagggaa acgaatgttt
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tgaaagtgta -
aaagtgagcg
cacctgccaa
tgtatgaaaa
acatcagcct

caaatcta
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Figure 23

Human PGC-18 protein (SEQ ID NO: 13)

1 magndcgall

41
81
2121
161
201
241
281
321
361
401
441
481
521
561
601
041
681
721

761

eldlsgldas
elfgidsene
alsctsaspa
latsyptsss
kkapmmgsqgs
rlpakedkep
gedmgamvqgl
qqVIrSTpwWsr
latpvyaslt
kstgprpslr
eeecekeeeee
rlnpelgpwl
elgsptdeds
scpglpprds
tagltppttp
glslkatpga
gkrpfscsfg

dwpgqgapwa
rasltkhfgl

deelssffln
dfdsatcfge
allaeltktl
pssappspap
dtgkegtawr

rsctelhkhl

gedcpspgpa

irymhtyclp
hhskaswaef
prsrprppkd
plrlevkrev
wgrkrpgrgl
tfadeplvps
gqdgqllrgp
prclmlalsqg
pykpteedpf
ahklpkkhpe
dhdycqvlrp
eaqapgreed

letaleeedl

yladtggggs

lgwcpenset
ddipeddvgl
ekpsapapev
gaglrsksqr
tsaqcclqgdr
paspgdslal
qrklppgtpe
silrellagd
sSgaspgrpss
rrparlqggge
pwtklgrkle
epggalpslc
gipalespce
sdptfgkksf
kpdikhslgk
rsellshlrh
egvlqgrkvlr
rscdagappk

asckspeydt
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geeqglyadfp
epngyspdds
aafpaldggd
delsllgkll
chkadstqd
glgppclgsp
gradpgapvs
plpkacsnps
vlcdﬁskpyr
veevriaasp
eedeeeeeee
SSVCPVrrsr
lapkaydver
sgcgdmdedp
eqtltvelcgqg
eialslpspe
atagpasgag
swepsgvhle
dstllrdhei

vfedsssssg
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1001

essflpeeee
pskanrqglcs
sdrtpsirha
rfevfgeiee
gaalrkrnep

sgkskyeamd
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Figure 23 (Continued)

eegeeeeedd
rsrsssgssp
rkrrekaige
cevltrnrrg
sfglsygglr

fdsllkeaqq

eeedsgvspt
chswspatrr
grvvyiqgnls
ekygfityrc
hfcwprytdy

slh
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csdhcpygsp
nfrcesrgpc
sdmssrelkr
sehaalsltk

dsnseealpa
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Figure 24

Human PGC-18 mRNA (SEQ ID NO: 14)

41

81
121
16l
201
241
281
321
36l
401
441
481
521
56l
601
641
681
121

761

ctcggegttg
agatggcggg
gctctcctcece
ggtggagggt
cagéacttga
ctcggccacc
aactcagaga
ccgagctctt
ggcagagctc
gacgtgggtc
acgctctatc
tgcacccccc
gcccctgagg
tcctggcecac
gaaggaaggg
aaaagtcaac
acaagaaggc
tacagaacta
ctgcaggatc

cceggcetcecc

actccgceccgce
gaacgactgc
ttcttcecteca

ccggggagga

cctctccececag
tgctttgggg
ctgaacccaa
ccagattgac
accaagaccc
tggctgccectt
atgcacctca
agccctgcecce
tggacgagct
atcctaccca
accgcctggce
ggccttgtgt
tcccatgatg
cataagcacc

ggggtctgca

tgccaaggag

acgctgcagc
ggcgcgcetgce
actatctcge
gcaactctat
ctggatgcca
agctgcagtg
ccagtacagc
agtgagaatg
tggatgacat
cccagccectg
gcttcgéctg
cggagaagcc
ctcactgcté
acatcaagct
gccaggcagg
taaggcggac
cagtctcaga
tcacctcggce
gccaccatgc

gacaaggagc
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cgcggctgga
tggacgaaga
tgacacgcag
gctgactttc
gcgactttga
gtgcccagag
cccgatgact
aggccctcect
ccctgaagat
gatggtggag
cccectcecatce
ctcggcccca
cagaagctcc
ctgacaccca
cctcagatct
agcacccaag
gccgaagttg
acagtgctgc
ctccagagtc

cgggtgagga
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841

881

921

961
1001
1041
1081
1121
1161
1201
1241
1281
1321
1361
1401
1441
1481
1521
1561
1601

1641

ctgcccgage
tccctagetce
cccaggaaga
catgcacacc
cagacccctg
cccégcaggt
caaagcctcc
ctggctcaag
gtctggccac
aaggcccagg
cgcccgtcct'
ccaagagcac
gctggaggtg
cagcagcagg
aagaggaaga
gaaaaggcca
aggaagctgg
ggagactgaa
agatgagccg
ccctcactgt

gggagctggg

ccagcagcetc
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Figure 24 (Continued)

ccccagcecag
tgggcagggc
catgcaggcg
tactgcctcc
agccactccc
cagatcccgg
tgggctgagt
acgtgctctg
gcctgtttat
ccccccaaag
cggtggagga
cgggcccaga
aaaagggagg
aggaggaaga
agaaaaagag
gg<3<3<3'<’igglciC
agagctctgt
ccctgagcectg
ctggtcccct
gcctggctcc
cagccccacg

ctacggggac

ctccagcctc
agaccccggt
atggtgcaac
cccagaggaa
caaggcctgc
ccctggtcecece
tctccattcet
tgatgtcagc
gcctccctcea
acagtcaggc
ggtaaggatc
ccaagcctgce
tccgecggece

cgaggaagaa

gaggaggagg

tgcCatggac
gtgcccegtg
ggccecctggc
cggagcccca
caaggcctac
gacgaggaca

cccagatccc
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tccceccaggac
gceceeggttt
tcatacgcta
gctgccecca
agcaacccct
ggcaccactc
gagggaactt
aaaccctacc
cacctcggtc
ctccectggt
gcagcttcac
gcccactgceg
tgccagactg
gaggaggagg
agtggggcag
gaagctggqgg
cggcgttctc
tgacatttgc
aggtgctctg
gacgtagagc
gtggccaaga

tgccctggag
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agcccctgtg
ccagctgccc
ccfcatgctg
aagaagagct
gcacagcagg
gcccacagag
agtctaggca
agggcctctc
gctgcéaaag
cacctgcgac
gccagaagcg
ctactgccag
aaggtgctga
aggactggcc
ggcccecetggce
gccccaccca
tcecgtgctag
cgccctggag
gagtatgaca
gcgagagcag
ggaggaggag

gtcagcccca
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Figure 24 (Continued)

agagtgggtg
gcagctccct
gccttgtcac

ttgagcagac

actcacccca’

gaggatccct
aagaaatagc
actcaaggcc
aagcacccag
atgccacage
tcecttcetece
gtgctccgac
ggtcctggga
ccagcagggt
agggaggaag
aggacagcac
cctcaccaaa
gaggaagacc
ctgtctttga
cttcctcecca
gaggaggacg

cttgctctga

tggggacatg

cccagagact
aaagcgaccc
cttgacagtg
cccaccacac
tcaaéccaga
tcfcagcctc
accccagggg
agcgaagtga
ccagccagcece

tgttcctttyg

‘cagaaggcgt

gccgtctggg

gcccecttggg
acagaagctg
gctgctgaga
cactttgggce
tggcctcectg
agacagcagc
gaggaggaag
atgaagaaga

ccactgcccc
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gatgaggacc
ctcccaggtg
aacttttggc
gagctctgtg
caccgtacaa
cétcaagcat
ccctcececectg
ctgcccacaa
gctcectgtcece
tceccaggetg
gagaccatga
cctgcaaagg
gttcaccttg
ctgaggcaca
tgatgctggt
gaécatgaga
tgctggagac
caagagccct
agcagcagcg
aggaagaagg
ggactcaggg

taccagagcc
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caccaagcaa
ctcaagctct
gccactcgaa
gttcagacag
gcgggaaaag
caaaatctct
ggcgctttga
gctgacaaga
acctaccggt
agggcgctgce
gctgagctac
tacactgact
cgtcagggaa
cttactgaaa
ccttaaccct
ccttccaata
gaggagagcg

acttgaaact
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Figure 24 (Continued)

ggccaaccgg
ggctcttcac
ggaacttcag
aacgccaagc
gccattgggg
ccagcgacat
agtgtttggt
aataggagag
gttctgagca
cctgaggaag
ggagggctcce
acgattccaa
aagcaagtat
gaggcccagc
cgaggaatac
tgtttacgtt
agcgagcgtg
gctgtcettt

cagctctgtt

cctgccecactce
atgtgagagc
atccggcacg

aaggccgcgt

gagctcccga

gagattgagg
gcgagaagta
cgcggceccecte
cgcaacgagc
ggcacttctg
ttcagaagag
gaagccatgg
agagcctgca
ctcaatacct
ttcaaagaaa
agagaacacc

aaaaaaaaaa
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cccgcagcecg
ctggtcacca
agagggccgt
ccaggaagcg
ggtgtacatt
gagctgaaga
agtgcgaggt
cggcttcatc
tctttgacaa
cctccttceca
ctggcccaga
gcccttcectg
attttgacag
ttgataacag
cagacaaggc
tcaagtatat
cgtgagagag

daaaaaa
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METHODS AND COMPOSITIONS FOR THE
TREATMENT AND DIAGNOSIS OF
STATIN-INDUCED MYOPATHY

BACKGROUND OF THE INVENTION

[0001] The invention relates to methods and compositions
for the treatment and diagnosis of statin-mediated myopa-
thies.

[0002] Statins is the common name for the class of drugs
termed 3-hydroxy-3-methylglutaryl coenzyme A (HMG
CoA) reductase inhibitors. These drugs lower levels of low-
density lipoprotein cholesterol and, as a treatment, have suc-
cessfully reduced the risk of adverse cardiovascular events
and coronary heart disease in dyslipidemic patient popula-
tions. Over 100 million patients worldwide are taking these
drugs, and statin manufacturing and therapy is a multibillion-
dollar industry. The success of statin therapy, however, has
been tempered by drug-induced side effects including muscle
toxicity. This condition has been termed statin-mediated
myopathy and is thought a relatively infrequent but often
debilitating complication of this otherwise successful thera-
peutic approach. The most serious of these complications is
rhabdomyolysis, or muscle breakdown, which can result in
kidney failure. More controversial is a milder version of this
disease characterized by muscle pain (myalgias) or an inflam-
mation of the muscles (myositis) with or without evidence of
muscle damage as assessed by creatine kinase (CK) serum
elevation. The incidence of statin-associated or induced
myalgia or myositis is generally thought to be between 1-5%
of the patient population that is on statin therapy. However,
some investigators believe that the incidence of these myo-
pathies is much higher, between 10 and 20% of patients on
statin therapeutic regimens. Mechanisms mediating statin-
mediated myopathy remain unclear, and currently there are
no treatments, nor is there an established protocol for diag-
nosis of patients suffering from this disorder.

[0003] The muscle atrophy program is well established in
several disease states including advanced cancer (tumor
cachexia), sepsis, diabetes, and other systemic diseases.
Muscle atrophy is also a debilitating side effect associated
with several additional disorders including inactivity, dener-
vation, and food deprivation and fasting. More recently, a
variety of drugs have been associated with varying degrees of
myotoxicity, including myopathy, and ultimately muscle
atrophy in its most severe form. The atrophy process usually
manifests as a rapid loss of muscle mass where rates of
cellular protein synthesis are surpassed by rates of cellular
protein degradation. The cellular protein degradation pro-
gram mobilizes muscle protein as a source of catabolic amino
acids for gluconeogenesis, or other stress-induced metabolic
requirements. Despite diverging etiologies, myopathy and
muscle atrophy in many diseases share common biochemical
and transcriptional pathways, including ubiquitination and
targeted proteosomal breakdown of muscle proteins.

[0004] Proteins destined for degradation by the ubiquitin
(Ub)-proteasome pathway are first covalently linked to a
chain of Ub molecules, which marks them for rapid break-
down to short peptides by the 26S proteasome. The key
enzyme responsible for attaching Ub to protein substrates is a
Ub-protein ligase (E3) that catalyzes the transfer of an acti-
vated form of Ub from a specific Ub-carrier protein (E2) to a
lysine residue on the substrate protein. Individual E3s ubig-
uitinate specific classes of proteins; hence, the identity of the
proteins degraded by the proteasome is largely determined by
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the complement of E3s active in individual cells. Atrogin is
one example of an E3 ligase that has been identified in muscle
cells and shown to be upregulated in atrophying muscle cells.
What role atrogin-1 may have in muscle cells or in myopa-
thies of any sort remains unknown.

[0005] There exists the need for therapeutics to prevent or
treat statin-mediated myopathies. Furthermore, there is a
need for techniques for diagnosing a statin mediated-myopa-
thy and for monitoring patients undergoing treatment for a
statin-mediated myopathy.

SUMMARY OF THE INVENTION

[0006] The invention provides methods of treating or pre-
venting a statin-induced myopathy in a subject by adminis-
tering a therapeutically effective amount of an atrogin-1
inhibitor compound in an amount and for a time sufficient to
treat or prevent a statin-mediated myopathy in a subject (e.g,,
human). In one aspect of the invented method, the atrogin-1
inhibitor compound reduces or inhibits the expression levels
or biological activity (e.g., ubiquitin ligase activity, substrate
binding activity, and nuclear translocation) of an atrogin-1
protein or an atrogin-1 nucleic acid. In some embodiments of
the method, the statin may be administered at a high dosage or
administered for extended release. In additional embodi-
ments of the method, the subject has been treated with a statin,
is still being treated with a statin, or will be treated with a
statin.

[0007] Additional embodiments of the method of the inven-
tion include administration of an atrogin-1 inhibitor com-
pound simultaneously or sequentially with a statin, adminis-
tration of an atrogin-1 inhibitor compound following a statin,
administration of an atrogin-1 inhibitor compound prior to
administration of a statin, and administration of an atrogin-1
inhibitor compound following cessation or termination of
statin administration.

[0008] The invention also provides compositions contain-
ing an atrogin-1 inhibitor compound that reduces or inhibits
the expression or biological activity of atrogin-1, wherein the
atrogin-1 inhibitor compound is formulated for the treatment
or prevention of a statin-mediated myopathy. In a related
aspect of the invented composition, the atrogin-1 inhibitor
compound reduces or inhibits the expression levels or bio-
logical activity (e.g., ubiquitin ligase activity, substrate bind-
ing activity, and nuclear translocation) of an atrogin-1
polypeptide or an atrogin-1 nucleic acid. In an additional
embodiment of the composition, the atrogin-1 inhibitor com-
pound specifically binds atrogin-1 and reduces or inhibits the
biological activity of atrogin-1.

[0009] The invention also provides kits containing a statin,
an atrogin-1 inhibitor compound, and instructions for admin-
istration of the statin and the atrogin-1 inhibitor compound
for the treatment or prevention of a statin-mediated myopa-
thy.

[0010] In an additional aspect, the invention provides kits
containing an atrogin-1 inhibitor compound and instructions
for administration of the atrogin-1 inhibitor compound for the
treatment of a statin-induced myopathy.

[0011] The invention further provides methods of diagnos-
ing a subject as having or having a propensity to develop a
statin-mediated myopathy, the method requiring measuring
the level of an atrogin-1 polypeptide, atrogin-1 nucleic acid,
or fragments thereof, in a sample from a subject relative to a
reference sample or level (e.g., normal reference sample or
level). wherein an alteration (e.g., increase) in the subject
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levels relative to the reference sample or level is diagnostic of
a statin-mediated myopathy or a propensity to develop a
statin-mediated myopathy in a subject. In different embodi-
ments of the method, the atrogin-1 polypeptide is measured
using an immunological assay, enzymatic assay, or colori-
metric assay. In different embodiments of the method, the
sample is abodily fluid, tissue, oracell (e.g., a myocyte) from
a subject.

[0012] Inaddition, the invention provides methods of diag-
nosing a subject as having a propensity to develop a statin-
mediated myopathy requiring measuring the level of an anti-
body, or a fragment thereof, that specifically binds atrogin-1
in a blood or serum sample from a subject relative to a refer-
ence level (e.g., normal reference level), wherein an alteration
(e.g., increase) in the subject levels compared to the reference
level is diagnostic of a statin-mediated myopathy or a pro-
pensity to develop a statin-mediated myopathy in the subject.
In different embodiments of the method, the antibody, or
fragment thereof, that specifically binds atrogin-1 polypep-
tide, or fragment thereof, is measured using an immunologi-
cal assay and an atrogin-1 polypeptide, or fragment thereof,
as a substrate.

[0013] The invention further provides a method of moni-
toring a statin-mediated myopathy or a propensity to develop
a statin-mediated myopathy in a subject, wherein the method
requires measuring the level of an atrogin-1 polypeptide,
nucleic acid, atrogin-1 specific antibody, or fragments thereof
in a sample from a subject (e.g., bodily fluid, a tissue, or a
cell), and comparing the level to a reference sample or level,
wherein an alteration in the level is an indicator of a change in
the propensity to develop a statin-mediated myopathy, or a
change in a statin-mediated myopathy of the subject. In dif-
ferent embodiments, the method is used to monitor a subject
during treatment of a statin-mediated myopathy or monitor a
subject at risk for a statin-mediated myopathy. In an addi-
tional embodiment of the method, the reference is a positive
reference and a decrease in level is indicative of improve-
ment.

[0014] In an additional aspect, the invention provides a kit
for the diagnosis of a statin-mediated myopathy containing an
atrogin-1 binding protein (e.g., antibody or an antigen-bind-
ing fragment thereof) and instructions for the use of the atro-
gin-1 binding protein for the diagnosis of a statin-mediated
myopathy in a subject.

[0015] Theinvention further provides a kit for the diagnosis
of a statin-mediated myopathy containing a nucleic acid
complementary to at least a portion of an atrogin-1 nucleic
acid molecule, wherein the nucleic acid molecule hybridizes
at high stringency to atrogin-1, and instructions for the use of
the nucleic acid for the diagnosis of statin-mediated myopa-
thy in a subject.

[0016] In an additional aspect, the invention provides a kit
for the diagnosis of a statin-mediated myopathy containing a
polypeptide that specifically binds an atrogin-1 antibody or
fragment thereof, and instructions for the use of the polypep-
tide for the diagnosis of statin-mediated myopathy in a sub-
ject.

[0017] Inany of the above kits for the diagnosis of a statin-
mediated myopathy, the kit may be used to monitor a statin-
mediated myopathy in a subject that already has or is at risk
for developing statin-mediated myopathy, or may be used to
monitor the treatment of a subject for statin-mediated myopa-
thy. Any of the above kits may also be used to determine the
therapeutic dosage of a statin.
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[0018] The invention also provides a method of identifying
a compound for the treatment of a statin-mediated myopathy
requiring contacting a cell (e.g., a myocyte) with a statin
compound and further contacting the cell with a candidate
compound, and comparing the level of expression of an atro-
gin-1 polypeptide in the cell contacted by the statin com-
pound and the candidate compound with the level of expres-
sion in a control cell contacted by the statin compound,
wherein a decrease in expression of the atrogin-1 polypeptide
in the cell as compared to the control cell identifies the can-
didate compound as a candidate compound for the treatment
of a statin-mediated myopathy.

[0019] In an additional aspect, the invention provides a
method of identifying a compound for the treatment of a
statin-mediated myopathy requiring contacting a cell (e.g., a
myocyte) with a statin compound and further contacting the
cell with a candidate compound, and comparing the level of
expression of an atrogin-1 nucleic acid in the cell contacted
by the statin compound and the candidate compound with the
level of expression in a control cell contacted by the statin
compound, wherein an decrease in expression of the atro-
gin-1 nucleic acid in the cell as compared to the control cell
identifies the candidate compound as a compound for the
treatment of a statin-mediated myopathy.

[0020] The invention also provides a method of identifying
a compound for the treatment of a statin-mediated myopathy
requiring contacting a cell (e.g., a myocyte) with a statin
compound and further contacting the cell with a candidate
compound, and comparing the biological activity of an atro-
gin-1 polypeptide in the cell contacted by the statin com-
pound and the candidate compound with the biological activ-
ity ina control cell contacted by the statin compound, wherein
a decrease in the biological activity of the atrogin-1 polypep-
tide in the cell as compared to the control cell identifies the
candidate compound as a compound for the treatment of a
statin-mediated myopathy. In different embodiments of the
method, the atrogin-1 biological activity is ubiquitin ligase
activity, substrate binding activity, or nuclear translocation.
[0021] In an additional aspect, the invention provides a
method of identifying a statin compound as having the pro-
pensity to induce a statin-mediated myopathy requiring con-
tacting a cell (e.g., a myocyte) with a statin compound, and
comparing the level of expression of an atrogin-1 polypeptide
in the cell contacted by the statin compound with the level of
expression in a control cell not contacted by the statin com-
pound, wherein an increase in expression of the atrogin-1
polypeptide in the cell as compared to the control cell iden-
tifies the statin compound as having the propensity to induce
a statin-mediated myopathy.

[0022] The invention also provides a method of identifying
astatin compound as having the propensity to induce a statin-
mediated myopathy requiring contacting a cell (e.g., a myo-
cyte) with a statin compound, and comparing the level of
expression of an atrogin-1 nucleic acid in the cell contacted
by the statin compound with the level of expression in a
control cell not contacted by the statin compound, wherein a
decrease in expression of the atrogin-1 nucleic acid in the cell
as compared to the control cell identifies the statin compound
as having the propensity to induce a statin-mediated myopa-
thy.

[0023] Inaddition, the invention provides a method ofiden-
tifying a statin compound as having the propensity to induce
a statin-mediated myopathy requiring contacting a cell (e.g.,
a myocyte) with a statin compound, and comparing the bio-
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logical activity of an atrogin-1 polypeptide (e.g., ubiquitin
ligase activity, substrate binding activity, or nuclear translo-
cation) in a control cell not contacted by the statin compound,
wherein an increase in the biological activity of the atrogin-1
polypeptide in the cell compared to the control cell identifies
the statin compound as having the propensity to induce a
statin-mediated myopathy.

[0024] In an additional aspect, the invention provides a
method of treating a biological sample from a subject having
a statin-induced myopathy or the propensity to develop a
statin-induced myopathy requiring removing a biological
sample from a subject having a statin-induced myopathy or
the propsensity to develop a statin-induced myopathy and
treating the biological sample with a therapeutically effective
amount of an atrogin-1 inhibitor compound ex vivo. Some
embodiments of the method further require reintroducing the
treated biological sample back in the subject having a statin-
induced myopathy or the propensity to develop a statin-in-
duced myopathy.

[0025] Indifferent embodiments of all the above aspects of
the invention, the atrogin-1 inhibitor compound specifically
binds atrogin-1 (e.g., specifically binds the ubiquitin ligase
domain, the substrate-binding domain, or the N- or C-termi-
nal nuclear localization sequence). In additional embodi-
ments of all the above aspects of the invention, the atrogin-1
inhibitor compound is an antibody or antigen-binding frag-
ment thereof (e.g., monoclonal antibody, polyclonal antibody
(e.g., anti-atrogin-1 IgG), a single-chain antibody, a chimeric
antibody, a humanized antibody, a fully humanized antibody,
a human antibody, or a bispecific antibody) that specifically
binds atrogin-1.

[0026] In different examples of all the above embodiments
of the invention, the atrogin-1 inhibitor compound reduces or
inhibits the expression levels of an atrogin-1 nucleic acid
molecule. In different embodiments of all the above aspects
of the invention, the atrogin-1 inhibitor compound is: an
aptamer that specifically binds atrogin-1; an antisense
nucleobase oligomer (e.g., 8 to 30 nucleotides in length) that
contains a nucleic acid substantially identical to at least a
portion of an atrogin-1 nucleic acid molecule, or a comple-
mentary sequence thereof; a morpholino oligomer that is
complementary to at least a portion of an atrogin-1 nucleic
acid molecule (e.g., a sequence substantially identical to SEQ
ID NO: 8 or SEQ ID NO: 9); or a small RNA (e.g., 15 to 32
nucleotides in length) having at least one strand that includes
a nucleic acid sequence substantially identical to at least a
portion of an atrogin-1 nucleic acid molecule (e.g., a
sequence substantially identical to a translational start site or
a splicing site of an atrogin-1 nucleic acid molecule), or a
complementary sequence thereof.

[0027] Indifferent embodiments of all the above aspects of
the invention, the statin is any pharmaceutical compound that
inhibits HMG-CoA reductase (e.g., cerivastatin, simvastatin,
atrovastin, fluvastatin, pravastatin, rosuvastatin, pitavastatin,
lovastatin, compactin, mevinolin, mevastatin, velostatin, syn-
vinolin, rivastatin, or verivastatin.

[0028] By “alteration” is meant a change (i.e., increase or
decrease). The alteration can indicate a change in the expres-
sion levels of an atrogin-1 nucleic acid or polypeptide as
detected by standard art known methods such as those
described below. As used herein, an alteration includes a 10%
change in expression levels, preferably a 25% change, more
preferably a 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%,
97%, 98%, 99%, or greater change in expression levels. The
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alteration can also indicate a change (i.e., increase or
decrease) in the biological activity of an atrogin-1 nucleic
acid or polypeptide. As used herein, an alteration includes a
10% change in biological activity, preferably a 25% change,
more preferably a 40%, 50%, 60%, 70%, 80%, 90%, 95%,
96%, 97%., 98%, 99%, or greater change in biological activ-
ity. Examples of biological activity foratrogin-1 polypeptides
are described below.

[0029] By “antisense nucleobase oligomer” is meant a
nucleobase oligomer, regardless of length, that is comple-
mentary to at least a portion of the coding strand or mRNA of
an atrogin-1 gene. By a “nucleobase oligomer” is meant a
compound that includes a chain of at least eight nucleobases,
preferably at least twelve, and most preferably at least sixteen
bases, joined together by linkage groups. Included in this
definition are natural and non-natural oligonucleotides, both
modified and unmodified, as well as oligonucleotide mimet-
ics such as protein Nucleic Acids, locked nucleic acids, and
arabinonucleic acids. Numerous nucleobases and linkage
groups may be employed in the nucleobase oligomers of the
invention, including those described in U.S. Patent Publica-
tion Nos. 20030114412 (see for example paragraphs 27-45 of
the publication) and 20030114407 (see for example para-
graphs 35-52 of the publication), incorporated herein by ref-
erence. The nucleobase oligomer can also be targeted to the
translational start and stop sites within an mRNA expressing
atrogin-1 or to a splicing sequence within an atrogin-1
mRNA. Preferably the antisense nuclecbase oligomer com-
prises from about 8 to 30 nucleotides. The antisense nucleo-
base oligomer can also contain at least 40, 60, 85, 120, or
more consecutive nucleotides that are complementary to atro-
gin-1 mRNA or DNA, and may be as long as the full-length
mRNA or gene. Examples of nucleobase oligomers are mor-
pholino oligonucleotides, which have bases similar to natural
nucleic acids, but are bound to morpholine rings instead of
deoxyribose rings and are linked through phosphorodiami-
date groups instead of phosphates. Morpholino oligonucle-
otides can be designed to any sequence of a target mRNA
sequence (e.g., translation start site, an intron sequence, an
exon sequence, or a splicing site). Morpholino oligonucle-
otides can be designed to target the mRNA sequences of any
of the atrogenes (e.g., human atrogin-1) discussed herein.

[0030] By “atrogene” or “atrogenes” is meant a member of
the family of proteins or a nucleic acid encoding the proteins,
involved in the common biochemical and transcriptional atro-
phy program. This includes, but is not limited to, atrogin-1, a
F-box protein regulated by the Forkhead box 0 (Foxo) family
of transcription factors, which are also may be acknowledged
as atrogenes. Foxo-1 induction has been demonstrated in
most, if not all forms of atrophy. Foxo-3 (FoxO3) has been
shown to regulate the expression of atrogin-1, and as such, is
also included in the family of atrogenes. The Foxo family of
proteins are tightly regulated by PI3K/AKT dependent phos-
phorylation, which may be considered upstream accessory
components of the atrophy program. An additional member
of the atrogene family may be MuRF-1, an additional ubig-
uitin E3 ligase.

[0031] By “atrogin-1" is meant a polypeptide, or a nucleic
acid sequence that encodes it, or fragments or derivatives
thereof, that is substantially identical to atrogin-1 nucleic acid
or polypeptide sequences set forth in Genbank Accession
Nos: BCO24030 and AAH24030 (human atrogin-1 mRNA
and protein, respectively), BCO27211 and AAH27211
(mouse atrogin-1 mRNA and protein, respectively), or SEQ
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ID NO: 10 (zebrafish atrogin-1 protein). Atrogin-1 can also
include fragments, derivatives, homologs, sequence variants,
splice variants, or analogs of atrogin-1 that retain at least
25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, 96%,
97%, 98%, 99%, or more atrogin-1 biological activity.
[0032] An atrogin-1 polypeptide or nucleic acid molecule
may be isolated from a variety of sources, such as from
mammalian tissue or cells (e.g., myocytes) or from another
source, or prepared by recombinant or synthetic methods.
The term “atrogin-1” also encompasses modifications to the
polypeptide, fragments, derivatives, analogs, and variants of
the atrogin-1 polypeptide.

[0033] “Atrogin-1 biological activity” can include one or
more of the following exemplary activities: substrate binding
activity (e.g., calcineurin A), ubiquitin ligase activity, inhibi-
tion of calcineurin A activity, and nuclear translocation.
Assays for atrogin-1 biological activity include assays for
ubiquitination, substrate binding assays, calcineurin A activ-
ity assays, nuclear translocation, and other assays.

[0034] By “atrogin-1 inhibitor compound” is meant any
small molecule chemical compound (peptidyl or non-pepti-
dyl), antibody, nucleic acid molecule, polypeptide, or frag-
ments thereof that reduces or inhibits the expression levels or
biological activity of atrogin-1 by at least 10%, 20%, 30%,
40%, 50%, 60%, 70%, 80%, 90%, or more. Non-limiting
examples of atrogin-1 inhibitor compounds include frag-
ments of atrogin-1 (e.g., dominant negative fragments or frag-
ments that lack or have decreased ubiquitin ligase activity,
substrate binding activity, calcineurin A inhibition, or nuclear
translocation); peptidyl or non-peptidyl compounds that spe-
cifically bind atrogin-1 (e.g., antibodies or antigen-binding
fragments thereof), for example, at the ubiquitin ligase
domain, substrate binding domain, or the N- or C-terminal
nuclear localization sequences of atrogin-1 (amino acids
62-66 and amino acids 267-288 of atrogin-1); antisense
nucleobase oligomers; morpholino oligonucleotides (e.g.,
SEQ ID NO: 8 and SEQ ID NO: 9, or those molecules which
target the translation start sequence or splicing sequence of an
atrogin-1 mRNA); small RNAs; small molecule inhibitors;
compounds that decrease the half-life of atrogin-1 mRNA or
protein; compounds that decrease transcription or translation
of atrogin-1; compounds that reduce or inhibit the expression
levels of atrogin-1 polypeptides or decrease the biological
activity of atrogin-1 polypeptides (e.g., PGC-1a. or PGC-1j
protein); compounds that increase the expression or biologi-
cal activity of a second atrogin-1 inhibitor (e.g., a molecule
which increases the transcription or translation of PGC-1c. or
PGC-1p protein such as metformin); compounds that block
atrogin-1-mediated downstream activities (e.g., ubiquitina-
tion; binding to SCF family members Skp-1 Cul-1, Roc-1;
inhibition of calcineurin A activity; and nuclear transloca-
tion), and any compound that alters activities upstream of
atrogin-1 (e.g., Foxo phosphorylation and PI3K/Akt phos-
phorylation). Atrogin-1 inhibitor compounds can be identi-
fied by testing the compound in any of the assays described
herein or known in the art for atrogin-1 expression level or
biological activity, and identifying a compound that shows at
least a 10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%,
55%, 60%, 65%, 70%, 75%, 80%, 85%, 90%, 95% or more
decrease in atrogin-1 expression level or activity as compared
to a control where the compound has not been added.

[0035] By “atrogin-1 substrate” is meant any protein or
molecule that binds to atrogin-1 (e.g., calcineurin A).
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[0036] By “compound” is meant any small molecule
chemical compound, antibody, nucleic acid molecule, or
polypeptide, or fragments thereof.

[0037] By “decrease” is meant to reduce, preferably by at
least 20%, more preferably by at least 30%, and most prefer-
ably by at least 40%, 50%, 60%, 70%, 75%, 80%, 85%. 90%,
95%, or more. Decrease can refer, for example, to the symp-
toms of the disorder being treated or to the levels or biological
activity of atrogin-1.

[0038] By “effective amount” is meant an amount sufficient
to prevent or reduce a statin-mediated myopathy or any symp-
tom associated with a statin-mediated myopathy. It will be
appreciated that there will be many ways known in the art to
determine the therapeutic amount for a given application. For
example, the pharmacological methods for dosage determi-
nation may be used in the therapeutic context.

[0039] By “efficacy” is meant the effectiveness of a particu-
lar treatment regime. For example, efficacy in treating or
preventing a statin-mediated myopathy can be measured by a
reduction in any one or more of the following clinical or
subclinical symptoms: atrogin-1 expression or biological
activity, creatine kinase (CK) enzyme levels, overt necrosis of
myocytes as evidenced by muscle biopsy, myalgia, muscu-
loskeletal pain, muscle pain, musculoskeletal/connective tis-
sue symptoms, or reduction of microglobinuria or transami-

nase levels with respect to rhabdomyolysis and
hepatotoxicity.
[0040] By “expression” is meant the detection of a nucleic

acid molecule or polypeptide by standard art known methods.
For example, polypeptide expression is often detected by
Western blotting, DNA expression is often detected by South-
ern blotting or polymerase chain reaction (PCR), and RNA
expression is often detected by Northern blotting, PCR, or
RNAse protection assays.

[0041] By “extended release” is meant formulation of a
statin compound such that the release of the active agent (i.e.,
statin compound), when in combination with another non-
active substance (e.g., binder, filler, protein, or polymer), into
a physiological buffer (e.g., water or phosphate buffered
saline) is decreased relative to the agent’s rate of diffusion
through a physiological buffer when the agent is not formu-
lated with a non-active substance. Extended release formula-
tions may decrease the rate of release of a statin compound by
atleast 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
100% compared to the rate of release of a statin formulation
which does not contain a non-active substance (e.g., binder,
filler, protein, or polymer).

[0042] By “fragment” is meanta portion ofa polypeptide or
nucleic acid molecule that contains, preferably, at least 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%, or more
of the entire length of the reference nucleic acid molecule or
polypeptide. A fragment may contain 10, 20, 30, 40, 50, 60,
70, 80, 90, or 100, 200, 300, 400, 500, 600, or more up to 627
nucleotides or 10, 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, or more up to 209
amino acids. Preferred fragments of atrogin-1 useful as atro-
gin-1 inhibitor compounds will reduce or inhibit atrogin-1
expression or biological activity (e.g., ubiquitin ligase activ-
ity, substrate binding activity, calcineurin A inhibition, or
nuclear translocation).

[0043] By “heterologous” is meant any two or more nucleic
acid or polypeptide sequences that are not normally found in
the same relationship to each other in nature. For instance, the
nucleic acid is typically recombinantly produced, having two
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or more sequences, e.g., from unrelated genes arranged to
make a new functional nucleic acid, e.g., a promoter from one
source and a coding region from another source. Similarly, a
heterologous polypeptide will often refer to two or more
subsequences that are not found in the same relationship to
each other in nature (e.g., a fusion protein).

[0044] By “high dosage” of a statin compound is meant
administration of a statin compound to a subject at a total dose
of greater than 10 mg/day, 20 mg/day, 30 mg/day, 40 mg/day,
50 mg/day, 60 mg/day, 70 mg/day, or 80 mg/day. The total
dose administered to a patient in a single day may occur via
separate dose units (examples include, but are not limited to,
two pills, three pills, and a cream and a pill). A patient may be
treated with a high dosage of a statin compound for any
duration of time (e.g., more than one day, more than one
week, more than one month, and more than one year). Any of
the statins described herein are contemplated for administra-
tion at high dosage.

[0045] By “homologous” is meant any gene or polypeptide
sequence that bears at least 30% identity, more preferably at
least 40%, 50%, 60%, 70%, 80%. and most preferably at least
90%, 95%, 96%, 97%, 98%, 99%, or more identity to a
known gene or polypeptide sequence over the length of the
comparison sequence. A “homologous” polypeptide can also
have at least one biological activity of the comparison
polypeptide. For polypeptides, the length of comparison
sequences will generally be at least 16 amino acids, prefer-
ably at least 20 amino acids, more preferably at least 30, 40,
50, 60,70, 80,90, 100, 110, 120, 130, 140, 150, 160, 170, 180,
190, 200, 209, or more amino acids. For nucleic acids, the
length of comparison sequences will generally be at least 50
nucleotides, preferably at least contain 10, 20, 30, 40, 50, 60,
70, 80, 90, or at least 100, 200, 300, 400, 500, 600, 627, or
more nucleotides. “Homology” can also refer to a substantial
similarity between an epitope used to generate antibodies and
the protein or fragment thereof to which the antibodies are
directed. In this case, homology refers to a similarity suffi-
cient to elicit the production of antibodies that can specifi-
cally recognize the protein or polypeptide.

[0046] By “increase” is meant to augment, preferably by at
least 20%, more preferably by at least 50%, and most prefer-
ably by at least 70%, 75%, 80%, 85%, 90%, 95%, or more.
Increase can refer, for example, to the levels or biological
activity of atrogin-1.

[0047] By “metric” is meant a measure. A metric may be
used, for example, to compare the levels of a polypeptide or
nucleic acid molecule of interest. Exemplary metrics include,
but are not limited to, mathematical formulas or algorithms,
such as ratios. The metric to be used is that which best dis-
criminates between levels of atrogin-1 polypeptide in a sub-
ject having a statin-mediated myopathy and a normal refer-
ence subject. Depending on the metric that is used, the
diagnostic indicator of a statin-mediated myopathy may be
significantly above or below a reference value (e.g., from a
control subject not having myopathy or undergoing statin
therapy).

[0048] By “myopathy” is meant a disease of the muscle or
muscle tissue. Non-limiting examples include congenital
myopathies, muscular dystrophies, inflammatory myopa-
thies, mitochondrial myopathies (e.g., Kearns-Sayre syn-
drome, MELAS, and MERRF), Pompe’s disease, Andersen’s
disease, Cori’s disease, myoglobinureas (e.g., McArdle,
Tarui, and DiMauro diseases ), myositis ossificans, dermato-
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myositis, familial periodic paralysis, polymyositis, inclusion
body myositis, neuromyotonia, stiff-man syndrome, and
tetany.

[0049] By “PGC-1a”is meant a polypeptide or nucleic acid
substantially identical (e.g., at least 70%, 80%, 90%, 95%, or
at least 99% identical) to peroxisome proliferator-activated
receptor gamma coactivator-1-alpha (Genebank Accession
Nos. NP_037393 and NM__ 013261, respectively). One
activity of a PGC-1a polypeptide is to decrease the expres-
sion levels or biological activity of atrogin-1 polypeptides.
[0050] By “PGC-1p” is meant a polypeptide or nucleic acid
substantially identical (e.g., at least 70%, 80%, 90%, 95%, or
at least 99% identical) to peroxisome proliferator-activated
receptor gamma coactivator-1-beta (Genebank Accession
Nos. NP_ 573570 and NM_ 133263, respectively). One
activity of a PGC-1f polypeptide is to decrease the expres-
sion levels or biological activity of atrogin-1 polypeptides.
[0051] By “pharmaceutically acceptable carrier” is meant a
carrier that is physiologically acceptable to the treated mam-
mal while retaining the therapeutic properties of the com-
pound with which it is administered. One exemplary pharma-
ceutically acceptable carrier substance is physiological
saline. Other physiologically acceptable carriers and their
formulations are known to one skilled in the art and described,
for example, in Remington’s Pharmaceutical Sciences, (207
edition), ed. A. Gennaro, 2000, LippincOtt, Williams &
Wilkins, Philadelphia, Pa.

[0052] By “positive reference” is meant a biological
sample, for example, a biological fluid (e.g., urine, blood,
serum, plasma, or cerebrospinal fluid), tissue (e.g., muscle
tissue), or cell (e.g., myocyte), collected from a subject who
has a myopathy (e.g., a statin-induced myopathy) or a pro-
pensity to develop a statin-induced myopathy (e.g., a statin-
induced myopathy). A positive reference may also be a bio-
logical sample derived from a patient with a statin-induced
myopathy prior to or during treatment. In addition, a positive
reference may be derived from a subject that is known to have
a statin-mediated myopathy, that is matched to the sample
subject by at least one of the following criteria: age, weight,
BML disease stage, overall health, prior diagnosis of a statin-
mediated myopathy, and a family history of statin-mediated
myopathy. A positive reference as used herein may also be
purified atrogin-1 polypeptide (e.g., recombinant or non-re-
combinant atrogin-1 polypeptide), purified atrogin-1 nucleic
acid, purified anti-atrogin-1 antibody, or any biological
sample (e.g., a biological fluid, tissue, or cell) that contains
atrogin-1 polypeptide, atrogin-1 nucleic acid, or an anti-atro-
gin-1 antibody. A standard curve of levels of purified atro-
gin-1 protein, purified atrogin-1 nucleic acid, or an anti-atro-
gin-1 antibody within a positive reference range can also be
used as a reference.

[0053] By “preventing” is meant prophylactic treatment of
a subject who is not yet ill, but who is susceptible to, or
otherwise at risk of, developing a particular disease. Prefer-
ably, a subject is determined to be at risk of developing a
statin-induced myopathy. “Preventing” can refer to the pre-
clusion of a statin-mediated myopathy in a patient receiving a
statin compound for the treatment or prevention of elevated
blood cholesterol levels (e.g., LDL), hyperlipidemia, heart
disease, stroke, heart attack, atherosclerosis, intermittent
claudication, hypertension, coronary artery disease, type 1
(insulin dependent diabetes or IDDM) and type 2 (non-insu-
lin-dependent diabetes or NIDDM) diabetes, and other
related disease states. For example, the preventive measures
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are used to prevent a statin-mediated myopathy in a patient
undergoing a statin therapy with a statin that has been iden-
tified as, or associated with, developing myopathy in the
patient population. “Preventing” can also refer to the preclu-
sion of the worsening of the symptoms of a statin-induced
myopathy. For example, a compound of the invention can be
used to prevent a mild statin myopathy (e.g., characterized by
muscle pain (myalgias) or an inflammation of the muscles
(myositis)) from developing into rhabdomyolysis (i.e. ore.g.,
muscle breakdown).

[0054] By “protein,” “polypeptide,” or “polypeptide frag-
ment” is meant any chain of more than two amino acids,
regardless of post-translational modification (e.g., glycosyla-
tion or phosphorylation), constituting all or part of a naturally
occurring polypeptide or peptide, or constituting a non-natu-
rally occurring polypeptide or peptide.

[0055] By “reduce or inhibit” is meant the ability to cause
an overall decrease preferably of 20% or greater, more pref-
erably of 50% or greater, and most preferably of 65%, 70%,
75%, 80%, 85%, 90%, 95%, or greater. Reduce or inhibit can
refer to the symptoms of the statin-mediated myopathy being
treated, the levels of atrogin-1 polypeptide or nucleic acid, the
levels of creatine kinase measured in a patient sample, or the
amount of muscle or tissue loss in advanced or more serious
statin-mediated myopathies (rhabdomyolysis). For diagnos-
tic or monitoring applications, reduce or inhibit can refer to
the level of protein or nucleic acid, detected by the aforemen-
tioned assays (see “expression”).

[0056] By “reference sample” is meant any sample, stan-
dard, or level that is used for comparison purposes. A “normal
reference sample” can be, for example, a prior sample taken
from the same subject; a sample from a subject not having a
statin-mediated myopathy; a subject not treated with a statin;
a subject that is diagnosed with a propensity to develop a
statin-mediated myopathy but does not yet show symptoms of
the disorder; a subject that has been treated for a statin-
mediated myopathy; or a sample of a purified reference atro-
gin-1 polypeptide or nucleic acid molecule at aknown normal
concentration.

[0057] By “reference standard or level” is meant a value or
number derived from a reference sample. A normal reference
standard or level can be a value or number derived from a
normal subject who does not have a statin-mediated myopa-
thy. In preferred embodiments, the reference sample, stan-
dard, or level is matched to the sample subject by at least one
of the following criteria: age, weight, body mass index (BMI),
disease stage, and overall health. A “positive reference”
sample, standard, or value is a sample, value, or number
derived from a subject that is known to have a statin-mediated
myopathy, that is matched to the sample subject by at least
one of the following criteria: age, weight, BMI, disease stage,
overall health, prior diagnosis of a statin-mediated myopathy,
and a family history of statin-mediated myopathy. A standard
curve of levels of purified protein within the normal or posi-
tive reference range can also be used as a reference.

[0058] By “sample” is meant a bodily fluid (e.g., urine,
blood, serum, plasma, or cerebrospinal fluid), tissue (e.g.,
muscle tissue), or cell (e.g., myocyte) in which the atrogin-1
polypeptide or nucleic acid molecule is normally detectable.
[0059] By “specifically binds” is meant a compound or
antibody which recognizes and binds a polypeptide of the
invention but that does not substantially recognize and bind
other molecules in a sample, for example, a biological
sample, which naturally includes a polypeptide of the inven-
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tion. In one example, an antibody that specifically binds atro-
gin-1 does not bind other ubiquitin ligase or atrogene family
members.

[0060] By “subject” is meant a mammal, including, but not
limited to, a human or non-human mammal, such as a bovine,
equine, canine, ovine, or feline.

[0061] By “substantially identical” is meant a nucleic acid
or amino acid sequence that, when optimally aligned, for
example using the methods described below, share at least
60%, 65%, 70%, 75%, 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99%, or 100% sequence identity with a second nucleic
acid or amino acid sequence, e.g., a atrogin-1 sequence. “Sub-
stantial identity” may be used to refer to various types and
lengths of sequence, such as full-length sequence, epitopes or
immunogenic peptides, functional domains, coding and/or
regulatory sequences, exons, introns, promoters, and
genomic sequences. Percent identity between two polypep-
tides or nucleic acid sequences is determined in various ways
that are within the skill in the art, for instance, using publicly
available computer software such as Smith Waterman Align-
ment (Smith and Waterman, J. Mol. Biol. 147:195-7, 1981);
“BestFit” (Smith and Waterman, Advances in Applied Math-
ematics, 482-489, 1981) as incorporated into GeneMatcher
Plus™, Schwarz and Dayhof, “Atlas of Protein Sequence and
Structure,” Dayhof, M. O., Ed pp 353-358, 1979; BLAST
program (Basic Local Alignment Search Tool; (Altschul, S.
F., W. Gish, etal., J. Mol. Biol. 215: 403-410, 1990), BLAST-
2, BLAST-P, BLAST-N, BLAST-X, WU-BLAST-2, ALIGN,
ALIGN-2, CLUSTAL, or Megalign (DNASTAR) software.
In addition, those skilled in the art can determine appropriate
parameters for measuring alignment, including any algo-
rithms needed to achieve maximal alignment over the length
of the sequences being compared. In general, for proteins, the
length of comparison sequences will be at least 10 amino
acids, preferably 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120,
130, 140, 150, 160, 170, 180, 190, 200, 209 amino acids or
more. For nucleic acids, the length of comparison sequerces
will generally be at least 10, 20, 30, 40, 50, 60, 70, 80, 90, or
100, 200, 300, 400, 500, 600, 627, or more nucleotides. It is
understood that for the purposes of determining sequence
identity when comparing a DNA sequence to an RNA
sequence, a thymine nucleotide is equivalent to a uracil nucle-
otide. Conservative substitutions typically include substitu-
tions within the following groups: glycine, alanine; valine,
isoleucine, leucine; aspartic acid, glutamic acid, asparagine,
glutamine; serine, threonine; lysine, arginine; and phenylala-
nine, tyrosine.

[0062] By “treating”is meant administering a compound or
a pharmaceutical composition for prophylactic and/or thera-
peutic purposes or administering treatment to a subject
already suffering from a disease to improve the subject’s
condition or to a subject who is atrisk of developing a disease.
As it pertains to statin-mediated myopathies, treating can
include improving or ameliorating the symptoms of a statin-
mediated myopathy and prophylactic treatment can include
preventing the progression of a mild myopathy (e.g., myalgia
and myositis ) to a more serious form such as rhabdomyolysis.
Prophylactic treatment can be monitored, for e.g., by measur-
ing the CK levels in a subject undergoing prophylactic treat-
ment and ensuring that the CK levels do not become signifi-
cantly elevated or, desirably, to cause a detectable decrease in
the CK levels. Treating may also mean to prevent the onset of
a myopathy or the symptoms of a myopathy in a patient
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receiving a statin or a patient identified as at risk for devel-
oping a statin-induced myopathy (e.g., using the methods
described herein).

[0063] By “vector” is meant a DNA molecule, usually
derived from a plasmid or bacteriophage, into which frag-
ments of DNA may be inserted or cloned. A recombinant
vector will contain one or more unique restriction sites, and
may be capable of autonomous replication in a defined host or
vehicle organism such that the cloned sequence is reproduc-
ible. A vector contains a promoter operably linked to a gene or
coding region such that, upon transfection into a recipient
cell, an RNA is expressed.

[0064] By “statin-mediated myopathy” is meant the pres-
ence of clinical or subclinical symptoms of myopathy in a
patient undergoing statin therapy. This includes muscle pain
(myalgia) or an inflammation of the muscles (myositis) with
or without evidence of muscle damage as assessed by CK
elevations in the blood, serum, or plasma. This may accom-
pany histological confirmation of necrosis by muscle biopsy.
The recent American College of Cardiology/American Heart
Association clinical advisory on the use and safety of statins
defined four syndromes: statin myopathy (any muscle com-
plaints related to these drugs); myalgia (muscle complaints
without serum CK elevations); myositis (muscle symptoms
with CK elevations); and rhabdomyolysis (markedly elevated
CK levels, usually >10 times the upper limit of normal
(ULN), with an elevated creatinine level consistent with pig-
ment-induced nephropathy).

[0065] By a “statin compound” or “statin” is meant any a
pharmaceutical compound that inhibits HMG-CoA reduc-
tase. Generally, statin compounds are understood to be those
active agents which may be used to lower the lipid levels,
including cholesterol, in the blood of a subject. The class of
HMG-CoA reductase inhibitors includes both naturally
occurring and synthetic molecules having differing structural
features. Exemplary HMG-CoA reductase inhibitors include:
atorvastatin, cerivastatin, fluvastatin, lovastatin, pitavastatin
(formerly itavastatin), pravastatin, rosuvastatin (formerly vis-
astatin), simvastatin, compactin, mevinolin, mevastatin,
velostatin, cerivastatin, synvinolin, or rivastatin (sodium
7-(4-fluorophenyl)  2.6-diisopropyl-5-methoxymethylpyri-
din-3-y1)3,5-dihydroxy-6-heptanoate) or, in each case, a
pharmaceutically acceptable salt thereof. This list is not
restrictive and new molecules belonging to this large family
are regularly discovered. A statin may be hydrophilic, like
pravastatin, or lipophilic, like atorvastatin. Lipophilic statins
are believed to better penetrate the tissues. A molecule which
is “chemically related or structurally equivalent” to a statin
includes molecules whose structure differs from that of any
member of the statin family by 2 or fewer substitutions or by
modification of chemical bonds. A molecule which is “func-
tionally equivalent” to a statin includes molecules capable of
measurable HMG-CoA reductase inhibition. Thus, at least all
the molecules capable of competitively inhibiting the enzyme
HMG-CoA reductase and called statins possess the required
property.

[0066] Other features and advantages of the invention will
be apparent from the following Detailed Description, the
drawings, and the claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0067] FIG. 1 is the amino acid sequence of human atro-
gin-1 (Genbank Accession No. AAH24030; SEQ ID NO: 1).
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[0068] FIG. 2 is the nucleic acid sequence of human atro-
gin-1 mRNA (Genbank Accession No. BC024030; SEQ ID
NO: 2).

[0069] FIG. 3 is the amino acid sequence of mouse atro-
gin-1 (Genbank Accession No. AAH27211; SEQ ID NO: 3).
[0070] FIG. 4 is the nucleic acid sequence of mouse atro-
gin-1 mRNA (Genbank Accession No. BC02721 1; SEQ ID
NO: 4).

[0071] FIG. 5A is a graph showing the fold-induction of
atrogin-1 mRNA expression in control, non-statin myopathy,
and statin-treated human muscle samples quantitated by real-
time PCR. The asterisk represents p<0.05 in statin-treated
muscle vs. control muscle or non-statin myopathy muscle.
[0072] FIG. 5B is a graph showing the fold-induction of
atrogin-1 mRNA expression in control, non-statin myopathy,
and statin-treated human muscle samples quantitated by real-
time PCR. The data for males (filled bars) and females (open
bars) are shown.

[0073] FIG. 6A is a picture and histogram showing C2C12
myotube morphology and mean diameter following treat-
ment with lovastatin at various concentrations (0-10 pM).
[0074] FIG. 6B is a picture and histogram showing C2C12
myotube morphology and mean diameter following treat-
ment with lovastin for various periods of time (0-5 days).
[0075] FIG. 7A is a graph showing the relative atrogin-1
mRNA expression in C2C12 cells following treatment with 0,
1.0, 2.5, 5.0, and 10 uM lovastatin for 6, 20, and 36 hours,
respectively.

[0076] FIG. 7B is an immunoblot and histogram showing
the induction of atrogin-1 protein expression in C2C12 cells
following treatment with 0, 1.0, 2.5, 5.0, and 10 pM lovastatin
for 48 hours. Dexamethasone (5 pM) was used as a positive
control.

[0077] FIG. 7C is a time course (1-5 days) showing atro-
gin-1 protein expression following 0-2.5 uM lovastatin treat-
ment.

[0078] FIG. 7D is a graph showing the percent increase in
protein degradation in cultures treated with lovastatin (1, 2.5,
5, or 10 uM) or cultures treated with 10 pM dexamethasone
compared to untreated cultures.

[0079] FIG. 8A is an immunoblot showing atrogin-1 pro-
tein expression in myoblasts from atrogin-1 knockout mice
(~/-) and wildtype mice (+/+) following treatment with dex-
amethasone (5 uM; dex) or infection with constitutively
active FoxO3- or GFP-expressing adenovirus (ad-FoxO3 and
ad-GFP, respectively).

[0080] FIG. 8B is a picture and a graph showing myotubes
and the mean myotube diameter for atrogin-1 null (-/-) and
wildtype (+/+) myotubes following treatment with 0, 0.01,
0.05, 0.25,1.0, or 2.5 pM novastatin for 48 hours.

[0081] FIG. 9is acomparison of the mouse (SEQID NO: 3)
and zebrafish (SEQ ID NO: 10) atrogin-1 amino acid
sequence.

[0082] FIG. 10A is a picture of the morphology of the
myofiber structure in control zebrafish embryos and embryos
treated with 0.025 to 5.0 uM lovastatin for 12 hours.

[0083] FIG. 10B is a histogram depicting the percentage of
zebrafish embryos having class 1, class 2, and class 3 changes
following exposure to 0, 0.025, 0.05, 0.5, 1.0, or 5 uM lovas-
tatin. Class 1 changes include bowing, gap formation, and
blocked/disrupted fibers. Class 2 changes include irregular
fibers and diffuse appearance. Class 3 changes are typified by
irregular somite boundries. The numbers of embryos quanti-
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tated for each treatment: 151, 178, 163, 185, 189, 180 for
lovastatin concentrations 0f 0, 0.025, 0.05, 0.5, 1.0, and 5 uM
respectively.

[0084] FIG.11A s aphotomicrograph of the myosin heavy
chain staining of control, z-HMG CoA reductase knockdown,
and z-HMG CoA reductase and atrogin-1 knockdown
zebrafish myofibers.

[0085] FIG. 11B is a graph showing the percentage of dam-
aged embryos with class 1, class 2, or class 3 morphological
phenotypes following treatment with morpholinos MO 1 and
MO2 (which target knockdown of HMG CoA reductase) in
the presence or absence of atrogin-1 knockdown. The number
ofembryos quantitated for each condition: 231, 182,197,202
for wildtype atrogin-1 expression and 220, 204, 240, 215 for
the atrogin-1 knockdown.

[0086] FIG. 12A is a blot depicting the level of zZ-HMG
CoA reductase mRNA expression following treatment with a
morpholino oligonucleotide (MO) designed against the com-
mon splice site or both splice variants of the zebrafish HMG
CoA reductase gene.

[0087] FIG.12B is a photomicrograph of the myosin heavy
chain staining of control myofibers and myofibers from
embryos with Z-HMG CoA reductase knockdown following
treatment with morpholino oligonucleotides targeting the
splicing site of the z-HMG CoA reductase mRNA.

[0088] FIG. 13A is a blot depicting atrogin-1 mRNA
expression in control zebrafish embryos and embryos treated
with 0.5 uM lovastatin for 12 hours.

[0089] FIG.13Bis animmunoblot depicting the expression
of atrogin-1 protein in control zebrafish embryos and
embryos treated with 0.5 or 1.0 lovastatin for 12 hours.
[0090] FIG.13C is an immunoblot depicting atrogin-1 pro-
tein expression in control zebrafish embryos; zebrafish
embryos injected with a morpholino against atrogin-1; adult
zebrafish muscle adult zebrafish kidney; and adult zebrafish
liver.

[0091] FIG.13Dis a photomicrograph showing the myosin
heavy chain staining of myofibers from representative control
(WT) and antrogin-1 knockdown embryos following 0, 0.05,
and 0.5 pM lovastatin treatment.

[0092] FIG.13Eis a graph showing the percentage of dam-
aged embryos (control and atrogin-1 knockdown embryos)
having class 1, class 2, or class 3 damage following 0-1.0 pM
lovastatin treatment. The numbers of embryos quantitated are
235,182, 197, 202 for the controls and 220, 204, 240, and 215
for the atrogin-1 knockdowns at lovastatin concentrations of
0, 0.05, 0.5, and 1.0 respectively.

[0093] FIG. 13F is the mean muscle fiber diameter mea-
sured by myosin heavy chain staining of myofibers from
control and atrogin-1 knockdown zebrafish embryos follow-
ing 0, 0.05, 0.5, and 1 uM lovastatin treatment. At least 500
fibers were measured for each lovastatin concentration.
Results were graphed as a ratio of mean experimental fiber
size+/-S.E.M. to control fiber size+/-S.E.M. Control fiber
size is 7.60+/-0.19 pm.

[0094] FIG. 14A is an immunoblot showing the expression
of phosphorylated Akt (p-Akt), Akt, phosphorylated FoxO3
(p-Fox03), FoxO3, phophorylated p70S6K (p-p70S6K),
p70S6K, and GADPH in C2C12 myotubes following 24-hour
treatment with vehicle or lovastatin (1, 2.5, or 5 uM).

[0095] FIG. 14B is a graph showing the reporter gene
expression from a FoxO-dependent promoter and FoxO site-
mutated promoter in transfected embryos receiving no treat-
ment (control) or treatment with 0.5 pM lovastatin for 48
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hours. Transfected embryos coinjected with constitutively
active FoxO3a (FoxO) were used as a positive control.
[0096] FIG. 15A is an immunoblot showing the expression
of myc-PGC-1a in control-injected and myc-PGC-1a-in-
jected zebrafish embryos 24 h and 48 h following injection.
[0097] FIG. 15B is a photomicrograph showing the cross-
sectional anti-myc staining of representative control and
myc-PGC-1ca-injected zebrafish embryos.

[0098] FIG. 16A is a photomicrograph showing the myosin
heavy chain staining of myofibers from representative
zebrafish embryos following injection of 100 pg PGC-1la
cDNA or vehicle in the presence or absence of 0.5 uM lovas-
tatin treatment for 12 h (left box) or morpholino oligonucle-
otides against z-PGC-1a (right box).

[0099] FIG. 16B is a graph showing the percentage of dam-
aged embryos having class 1, class 2, or class 3 myofiber
damage following treatment of wildtype and PGC-1c. cDNA-
injected embryos with 0-1.0 uM lovastatin. The numbers of
embryos quantitated are 137, 112, 139, 122 for controls
(wildtype) and 120, 103, 108, 107 for PGC-la-injected
embryos at lovastatin concentrations of 0, 0.05, 0.5, and 1.0
1M, respectively.

[0100] FIG. 16C is an immunoblot showing the level of
atrogin-1 protein expression in control and PGC-1c. cDNA-
injected (100 pg) zebrafish embryos left treated with vehicle
or 1.0 uM lovastatin for 12 hours.

[0101] FIG. 16D is a graph of the mean muscle fiber diam-
eter of zebrafish embryos injected with atrogin-1 morpholi-
nos or PGC-1a cDNA in the presence or absence of 0.5 pM
lovastatin treatment. At least 500 fibers were measured at
each treatment. Results were graphed as the ratio of mean
experimental fiber size+/-S.E.M. to mean control fiber
size+/-S.E.M. Control fiber size was 7.58+/-0.10 pm.
[0102] FIG. 16E is a picture of the GFP fluorescence of
C2C12 myotubes infected for 68 hours with control adenovi-
rus or PGC-1a-adenovirus and treated with vehicle or 5 pM
lovastatin.

[0103] FIG. 16F is an immunoblot showing the expression
ofatrogin-1, PGC-1a, cytochrome oxidase IV (cox IV), cyto-
chrome ¢ (cyto C), and dynein protein in control-infected or
PGC-1a-infected C2C12 myotube cultures following treat-
ment with 0-5 pM lovastatin for 48 hours.

[0104] FIG. 16G is a graph showing the fluorescence inten-
sity of cells from zebrafish embryos treated with vehicle or
lovastatin (0.5 or 1 pM) and stained with MitoTracker. Cel-
lular fluorescence intensity was measured by fluorescence-
activated cell sorting. Data presented as percent of mean
fluorescence intensity in vehicle-treated embryos. Represen-
tative data from 3 independent experiments is shown.

[0105] FIG. 16H is a graph showing the fluorescence inten-
sity of embryos non-injected or injected with PGC-1at ¢cDNA,
following treatment with vehicle orlovastatin (0.5 pM) for 24
hours and staining with MitoTracker. Cellular fluorescence
intensity was measured by fluorescence-activated cell sorting
and data presented as percent of mean fluorescence intensity
in vehicle-treated embryos.

[0106] FIG. 16l is a raw fluorescence intensity tracing for
the experimental data shown in FIG. 16G. Representative
data from 3 independent experiments is shown.

[0107] FIG. 16] is a series of raw fluorescence intensity
tracings for the experimental data shown in FIG. 16H.
[0108] FIG. 17 shows the result of a co-immunoprecipation
experiment indicating the level of atrogin-1 protein in lysate
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from myc AT-1-transfected 293T cells (IgG: preimmune
1gG; Anti-AT-1: anti-atrogin-1 IgG antibody).

[0109] FIG. 18 is a photomicrograph showing the subcel-
lular localization of myc-atrogin-1 in Ad-mycg-AT-1-trans-
fected and control C2C12 myoblasts using an anti-myc anti-
body.

[0110] FIG. 19 is a photomicrograph showing the subcel-
lular localization of myc-atrogin-1 following electroporation
of Myc AT plasmid or control plasmid into the tibialis ante-
rior muscle of fed or starved (48 hours) mice. Atroglin-1
protein was detected using an anti-myc antibody.

[0111] FIG. 20A is a diagram showing the location of the
N- and C-terminal putative nuclear localization sequences in
atrogin-1 (amino acids 62-66 and 267-288, respectively).
[0112] FIG. 20B is a graph showing the percentage of
nuclear localization of wildtype myc-atrogin-1 (AT-1) or
myc-atrogin-1 having a mutation in the N-terminal putative
nuclear localization sequence (AT1-N), a mutation in the
C-terminal putative nuclear localization sequence (AT1-C),
or having a mutation in both the N- and C-terminal putative
nuclear localization sequences (AT1-N+C).

[0113] FIG. 21 is the amino acid sequence of human PGC-
la. polypeptide (Genbank Accession No. NP__(037393; SEQ
ID NO: 11).

[0114] FIG.22is the nucleic acid sequence of human PGC-
la. mRNA (Genbank Accession No. NM__013261; SEQ ID
NO: 12).

[0115] FIG. 23 is the amino acid sequence of human PGC-
10 polypeptide (Genbank Accession No. NP__573570; SEQ
ID NO: 13).

[0116] FIG. 24 is the nucleic acid sequence of human PGC-
1 mRNA (Genbank Accession No. NM__133263; SEQ ID
NO: 14).

DETAILED DESCRIPTION

[0117] We have discovered that atrogin-1, an E3 ubiquitn
ligase, is upregulated during statin therapy or treatment. Spe-
cifically, we have discovered that the atrogin-1 protein is
upregulated in cultured myocytes in the presence of stating
and that this upregulation of atrogin-1 proteinis time and dose
dependent. Furthermore, statins induce myocyte dysfunction
as myotubes are improperly formed in the presence of statins.
This phenomenon is conserved throughout various species, as
murine primary myocyte cell cultures demonstrate the same
pattern of a) dose and time dependent upregulation of atro-
gin-1 in response to statins and b) improper myotube forma-
tion in the presence of statins. Based on these results we have
discovered that atrogin-1 polypeptides and nucleic acid mol-
ecules can be used to diagnose or monitor statin-mediated
myopathy. We have further shown that zebra fish somite
development is dramatically altered by the presence of statins
in the immediate environment (e.g., water). Further, using the
zebrafish model, we have shown that the myopathic pheno-
type can be rescued using a morpholino directed to the atro-
gin-1 gene. Using a mouse model which lacks atrogin-1, we
have also shown that in the absence of atrogin-1, statin-
induced muscle damage does not occur or is vastly dimin-
ished. Taken together, these results support the critical role for
atrogin-1 in the pathogenesis of statin-mediated myopathy.

[0118] Accordingly, the present invention features the use
of atrogin-1 inhibitor compounds for treating or preventing a
statin-mediated myopathy. The invention also feature meth-
ods for identifying patients at risk for developing a statin-
mediated myopathy, including evaluating statins for their
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potential to induce a statin mediated myopathy in a subject
undergoing or preparing to undergo statin therapy. The inven-
tion further features diagnostic and therapeutic monitoring
methods that include the use of atrogin-1 nucleic acid mol-
ecules, polypeptides, and antibodies for the diagnosis and
monitoring of a statin-mediated myopathy.

Therapeutic Methods

[0119] Until now, the mechanisms underlying statin-medi-
ated myopathy have remained controversial and poorly
understood. We have shown a direct causal link between
induction of muscle cell dysfunction and induction of the
atrophy program by statin treatment via the ubiquitin-ligase
atrogin-1. We have therefore developed atrogin-1 inhibitor
compounds for the treatment or prevention of a statin-medi-
ated myopathy. Examples of statin-mediated disorders that
can be treated or prevented by the current invention are pro-
vided below.

Statin-Mediated Myopathy

[0120] The advent of the HMG-CoA reductase inhibitors,
or statins, in the 1980°s as highly efficacious agents for the
lowering of low-density lipoprotein-cholesterol (LDL-C)
revolutionized treatment of hypercholesterolemia, a long
established risk factor for premature coronary heart disease.
Statins now marketed in the United States include altace
(Ramipril), atorvastatin (Lipitor), fluvastatin (Lescol), lovas-
tatin (Mevacor), pravastatin (Pravachol), simvastatin (Zocor),
rosuvastatin, (Crestor), or pitavastatin. Additionally, there are
other statins, some in clinical trials, including compactin,
mevinolin, mevastatin, velostatin, synvinolin, or rivastatin
(sodium  7-(4-fluorophenyl)2,6-diisopropyl-5-methoxym-
ethylpyridin-3-y1)3,5-dihydroxy-6-heptanoate). Statins are
well tolerated by most patients but can produce a variety of
muscle-related complications or myopathies. The most seri-
ous risk of these is myositis with rhabdomyolysis. This risk
has been emphasized by the withdrawal of cerivastatin in
August 2001 after the drug was associated with approxi-
mately 100 rhabdomyolysis-related deaths. Rhabdomyolysis
was also a factor in the withdrawal of the antihypertensive
drug mibefradil in June 1998 and in the decision by Merck &
Co. to abandon the development of a 160-mg sustained-re-
lease simvastatin formulation in the mid-1990s.

[0121] Myopathy can refer to any muscular disease, and
here we differentiate myalgia as muscle ache or weakness in
the absence of elevation in creatine kinase (CK), and myositis
as adverse muscular symptoms associated with inflammation
with and without increased CK levels. Rhabdomyolysis is a
severe form of myositis involving myoglobulinuria, which
can engender acute renal failure. Although rhabdomyolysis
associated with statin treatment is rare, muscular pain and
weakness are more frequent and may affect 7% of patients on
statin monotherapy, with myalgia contributing up to 25% of
all adverse events associated with statin use (Ucar et al.,
“HMG-CoA reductase inhibitors and myotoxicity,” Drug
Safety 22:441-457, 2000). The effects of subclinical muscu-
lar side effects should not be underestimated, however, as
they reduce patient compliance with possible discontinuation
of therapy, limit physical activity, reduce the quality of life,
and most importantly, may ultimately deprive the dyslipi-
demic patient at high risk for cardiovascular disease of the
clinical benefit of statin treatment. Such myopathies become
especially pertinent in the context of recent clinical trials,



US 2010/0310574 A1

which have validated optimized reduction of morbi-mortality
in cardiovascular disease using high-dose statin therapy. This
is particularly relevant as increased statin dosage is closely
associated with increased risk of muscular side effects. Fur-
thermore, select patient populations require closer surveil-
lance for statin myopathy, as their risk profile is increased.
This includes advanced age (>80 years old); small frame;
multisystem illness including diabetes; patients in the perio-
perative period; and concomitant medications. All statin new
drug applications (NDAs) suggest that statin myotoxicity is
dose dependent with a threshold effect at which risks exceed
benefits—especially with regard to cerivastatin.

Treatment of Statin-Mediated Myopathy

[0122] Wehavediscovered that statins upregulate atrogin-1
expression in myocytes and this is associated with myocyte
dysfunction and improper myotube formation. Any of the
atrogin-1 inhibitor compounds described may be used for the
treatment or prevention of a statin-mediated myopathy.
[0123] Statin-mediated myopathies can be diagnosed using
the methods described herein in combination with techniques
known in the art (e.g., muscle biopsy and evaluation of atro-
gin-1 products). Likewise, the therapeutic effectiveness of
atrogin-1 inhibitor compounds can be measured using the
above described in vitro and in vivo assays and methodology.
Assays include any of the assays for atrogin-1 biological
activity or expression as described herein wherein a com-
pound that reduces or inhibits atrogin-1 biological activity is
considered a compound useful for the treatment or prevention
of a statin-mediated myopathy. Assays of atrogin-1 activity
include for example, ubiquitination assays, calcineurin activ-
ity assays, substrate binding assays, and nuclear translocation
assays. These assays and evaluation methods can be per-
formed alone, or in combination with other assay techniques
evaluating overall muscle health, including CK enzymatic
assays.

Atrogin-1 Inhibitor Compounds

[0124] We have discovered that atrogin-1 levels in myo-
cytes are increased and that myocytes are dysfunctional in the
presence of statins. Specifically, myotubes do not form prop-
erly and zebrafish somite development is dramatically
affected in the presence of statins. Therefore, the invention
features atrogin-1 inhibitor compounds for the treatment or
prevention of a statin-mediated myopathy.

[0125] Atrogin-1 inhibitor compounds useful in the meth-
ods ofthe invention include any compound that can reduce or
inhibit the biological activity or expression level of atrogin-1.
Exemplary compounds include, but are not limited to, frag-
ments of atrogin-1 (e.g., dominant negative fragments or frag-
ments that are incapable of ubiquitin ligase activity, unable to
bind substrate, or unable to undergo nuclear translocation);
peptidyl or non-peptidyl compounds that specifically bind
atrogin-1 (e.g., antibodies or antigen-binding fragments
thereof), for example, at the ubiquitin ligase domain, sub-
strate binding domain of atrogin-1, or N- or C-terminal
nuclear translocation sequence (amino acids 62-66 and amino
acids 267-288 of atrogin-1) and block atrogin-1 function;
antisense nucleobase oligomers; morpholino oligonucle-
otides (e.g., SEQ ID NO: 8 or SEQ ID NO: 9, or those
molecules which target the translation start sequence or splic-
ing sequence of atrogin-1 mRNA); small RNAs; small mol-
ecule inhibitors; compounds that decrease the half-life of
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atrogin-1 mRNA or protein; compounds that decrease tran-
scription or translation of atrogin-1; compounds that reduce
or inhibit the expression levels of atrogin-1 polypeptides or
decrease the biological activity of atrogin-1 polypeptides
(e.g., PGC-1la. or PGC-1f); compounds that increase the
expression or biological activity of a second atrogin-1 inhibi-
tor (e.g., a molecule which increases the transcription or
translation of PGC-1a or PGC-1p protein (such as met-
formin) or an inhibitor that blocks atrogin-1 substrate binding
or ubiquitin ligase activity); compounds that alter expression
or biological activity of proteins upstream of atrogin-1 (e.g.,
phosphorylation of Foxo transcription factors including
Foxo-1 and Foxo-3, and phosphorylation of PI3K/Akt or
other Foxo-associated kinases); compounds that alter expres-
sion or biological activity of proteins downstream of atro-
gin-1 (e.g., Skpl, Cull, Rocl, calcineurin A, or others); com-
pounds that block atrogin-1-mediated downstream activities
(e.g., ubiquitination, binding to SCF family members, inhi-
bition of calcineurin A activity, and nuclear translocation);
and compounds which alter expression or biological activity
of other atrogin-1 associated proteins, or atrogenes, including
MurF-1.

[0126] Preferred atrogin-1 inhibitor compounds will
reduce or inhibit atrogin-1 biological activity or expression
levels by at least 10%, 25%, 30%, 40%, 50%, 60%, 70%,
80%, 90%, 95%, 96%, 97%, 98%, 99%, or more. Preferably,
the atrogin-1 compound can reduce or inhibit myocyte and/or
myotube dysfunction, somite developmental irregularities,
increased atrogin-1-specific ubiquitination of muscle pro-
teins, atrogin-1-specific substrate binding of muscle proteins,
and symptoms of a myopathy or statin-mediated myopathy,
including myalgias, myalagia with associated creatine kinase
elevations, myositis, or rhabdomyolysis by at least 10%,
20%, 25%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,
96%, 97%, 98%, 99%, or more.

Polypeptides

[0127] Polypeptides that specifically bind to atrogin-1 and
reduce or inhibit the biological activity of atrogin-1 are
included in the invention and can be used in the methods and
compositions of the invention that require atrogin-1 inhibitor
compounds. Preferred polypeptides include dominant nega-
tive fragments of atrogin-1 or polypeptides that bind to func-
tional regions of the atrogin-1 protein, for example, the ubig-
uitin ligase domain or the substrate-binding domain. By
binding to the functional domain, the polypeptide can inhibit
the activity of atrogin-1, presumably by steric interference.
An example of an atrogin-1 inhibitor compound is an atro-
gin-1 polypeptide lacking the N- and/or C-terminal nuclear
localization sequence (ANLS atrogin-1) or having a mutation
in a nuclear localization sequence (e.g., the N- and/or C-ter-
minal nuclear localization sequences).

[0128] Any polypeptide that is used as an antagonist com-
pound can be produced, purified, and/or modified using any
of the methods and modifications known in the art or
described herein. Examples of modifications which can be
made to a polypeptide which is an atrogin-1 antagonist,
include phosphorylation, acylation, glycosylation, pegyla-
tion (e.g., addition of polyethylene glycol), sulfation, preny-
lation, methylation, hydroxylation, carboxylation, and ami-
dation.
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[0129] Theability of any of the above polypeptides to func-
tion as an atrogin-1 inhibitor compound may be tested
according to any of the assays described in the Examples.

Antibodies

[0130] Antibodies that specifically bind to atrogin-1, havea
high affinity (K,,<500 nM) for atrogin-1, and/or neutralize or
prevent atrogin-1 activity are useful in the therapeutic meth-
ods of the invention. In one embodiment, the antibody, or
fragment or derivative thereof, binds to the ubiquitin ligase
domain or substrate binding domain of atrogin-1. One
example of a polyclonal antibody specific for atrogin-1 is
shown in the Examples below. The present invention
includes, without limitation, anti-atrogin-1 monoclonal,
polyclonal, chimeric, and humanized antibodies and func-
tional equivalents or derivatives of antibodies as described
below.

[0131] Pharmaceutical compositions, for example, includ-
ing excipients, of any antibodies of the invention are also
included. Methods for the preparation and use of antibodies
for therapeutic purposes are described in several patents
including U.S. Pat. Nos. 6,054,297; 5,821,337, 6,365,157,
and 6,165,464 and are incorporated herein by reference. Anti-
bodies can be polyclonal or monoclonal; monoclonal anti-
bodies are preferred.

Monoclonal and Polyclonal Antibodies

[0132] Methods for the generation of both monoclonal or
polyclonal anti-atrogin-1 antibodies may be produced by
methods known in the art. These methods include the immu-
nological method described by Kohler and Milstein (Nature,
256: 495-497, 1975), Kohler and Milstein (Fur. J. Immunol,
6, 511-519, 1976), and Campbell (“Monoclonal Antibody
Technology, The Production and Characterization of Rodent
and Human Hybridomas” in Burdon et al., Eds., Laboratory
Techniques in Biochemistry and Molecular Biology, Volume
13, Elsevier Science Publishers, Amsterdam, 1985), as well
as by the recombinant DNA method described by Huse et al.
(Science, 246, 1275-1281, 1989).

[0133] Human antibodies can also be produced using phage
display libraries (Marks et al., J. Mol. Biol, 222:581-597,
1991 and Winter et al. Annu. Rev. Immunol., 12:433-455,
1994). The techniques of Cole et al. and Boerner etal. are also
useful for the preparation of human monoclonal antibodies
(Cole et al., supra; Boerner et al., J. Immunol., 147: 86-95,
1991).

[0134] Monoclonal antibodies are isolated and purified
using standard art-known methods. For example, antibodies
can be screened using standard art-known methods such as
ELISA against an atrogin-1 polypeptide or fragment or West-
ern blot analysis. Non-limiting examples of such techniques
are described in Examples 11 and IIT of U.S. Pat. No. 6,365,
157, herein incorporated by reference.

[0135] The antibody may be prepared in any mammal,
including mice, rats, rabbits, goats, and humans. The anti-
body may be a member of one of the following immunoglo-
bulin classes: 1gG. IgM, IgA, IgD, or IgE, and the subclasses
thereof, and preferably is an IgG antibody.

[0136] While the preferred animal for producing mono-
clonal antibodies 1s mouse, the invention is not so limited; in
fact, human antibodies may be used and may prove to be
preferable. Such antibodies can be obtained by using human
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hybridomas (Cole et al., “Monoclonal Antibodies and Cancer
Therapy”, Alan R. Liss Inc., p. 77-96, 1985).

[0137] Monoclonal antibodies, particularly those derived
from rodents including mice, have been used for the treatment
of various diseases; however, there are limitations to their use
including the induction of a human anti-mouse immunoglo-
bulin response that causes rapid clearance and a reduction in
the efficacy of the treatment. For example, a major limitation
in the clinical use of rodent monoclonal antibodies is an
anti-globulin response during therapy (Miller et al., Blood,
62:988-995 1983; Schroff et al., Cancer Res., 45:879-885,
1985).

Chimeric Antibodies

[0138] The art has attempted to overcome the problem of
rodent antibody-induced anti-globulin response by construct-
ing “chimeric” antibodies in which an animal antigen-bind-
ing variable domain is coupled to a human constant domain
(U.S. Pat. No. 4,816,567; Morrison et al., Proc. Natl. Acad.
Sci. US4, 81:6851-6855, 1984; Boulianne et al., Nature, 312:
643-646, 1984; Neuberger et al., Nature, 314:268-270, 1985).
Chimerized antibodies preferably have constant regions
derived substantially or exclusively from human antibody
constant regions and variable regions derived substantially or
exclusively from the sequence of the variable region from a
mammal other than a human. In the present invention, tech-
niques developed for the production of chimeric antibodies
by splicing the genes from a mouse antibody molecule of
appropriate antigen specificity together with genes from a
human antibody molecule can be used (Morrison et al., Proc.
Natl. Acad. Sci. 81, 6851-6855, 1984; Neuberger et al.,
Nature 312, 604-608, 1984; Takeda et al., Nature 314, 452-
454, 1985).

[0139] DNA encoding chimerized antibodies may be pre-
pared by recombining DNA substantially or exclusively
encoding human constant regions and DNA encoding vari-
able regions derived substantially or exclusively from the
sequence of the variable region of a mammal other than a
human. DNA encoding humanized antibodies may be pre-
pared by recombining DNA encoding constant regions and
variable regions other than the CDRs derived substantially or
exclusively from the corresponding human antibody regions
and DNA encoding CDRs derived substantially or exclu-
sively from a mammal other than a human.

[0140] Suitable sources of DNA molecules that encode
fragments of antibodies include cells, such as hybridomas,
that express the full-length antibody. The fragments may be
used by themselves as antibody equivalents, or may be
recombined into equivalents, as described above. The DNA
deletions and recombinations described in this section may be
carried out by known methods, such as those described in the
published patent applications listed above.

Humanized Antibodies

[0141] Humanized antibodies are chimeric immunoglobu-
lins, immunoglobulin chains or fragments thereof (suchas Fv,
Fab, Fab', F(ab"), or other antigen-binding subsequences of
antibodies) which contain minimal sequence derived from
non-human immunoglobulin. Methods for humanizing non-
human antibodies are well known in the art (for reviews see
Vaswani and Hamilton, Ann. Allergy Asthma Immunol.,
81:105-119, 1998 and Carter, Nature Reviews Cancer. 1:118-
129, 2001). Generally, a humanized antibody has one or more
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amino acid residues introduced into it from a source that is
non-human. These non-human amino acid residues are often
referred to as import residues, which are typically taken from
an import variable domain.

[0142] Humanization of an antibody can be essentially per-
formed following the methods known in the art (Jones et al.,
Nature, 321:522-525, 1986, Riechmann et al., Nature, 332:
323-329, 1988; and Verhoeyenetal., Science, 239:1534-1536
1988), by substituting rodent CDRs or other CDR sequences
for the corresponding sequences of a human antibody.
Accordingly, such humanized antibodies are chimeric anti-
bodies wherein substantially less than an intact human vari-
able domain has been substituted by the corresponding
sequence from a non-human species (see for example, U.S.
Pat. No. 4.816,567). In practice, humanized antibodies are
typically human antibodies in which some CDR residues and
possibly some frameword residues are substituted by residues
from analogous sites in rodent antibodies (Presta, Curr. Op.
Struct. Biol., 2:593-596, 1992).

[0143] Additional methods for the preparation of human-
ized antibodies can be found in U.S. Pat. Nos. 5,821,337, and
6,054,297, and Carter, (supra) which are all incorporated
herein by reference. The humanized antibody is selected from
any class of immunoglobulins, including IgM, 1gG, IgD, IgA
and IgE, and any isotype, including IgG,, IgG,, 1gG,, and
1gG,. Where cytotoxic activity is not needed, such as in the
present invention, the constant domain is preferably of the
IgG, class. The humanized antibody may comprise
sequences from more than one class or isotype, and selecting
particular constant domains to optimize desired effector func-
tions is within the ordinary skill in the art.

Functional Equivalents or Derivatives of Antibodies

[0144] The invention also includes functional equivalents
or derivatives of the antibodies described in this specification.
Functional equivalents or derivatives include polypeptides
with amino acid sequences substantially identical to the
amino acid sequence of the variable or hypervariable regions
of the antibodies of the invention. Functional equivalents
have binding characteristics comparable to those of the anti-
bodies, and include, for example, chimerized, humanized and
single chain antibodies, antibody fragments, and antibodies,
or fragments thereof, fused to a second protein, or fragment
thereof. Methods of producing such functional equivalents
are disclosed, for example, in PCT Publication No. W093/
21319; European Patent Application No. 239,400; PCT Pub-
lication No. WO89/09622; European Patent Application No.
338,745, European Patent Application No. 332424; and U.S.
Pat. No. 4,816,567; each of which is herein incorporated by
reference.

[0145] Functional equivalents of antibodies also include
single-chain antibody fragments, also known as single-chain
antibodies (scFvs). Single-chain antibody fragments are
recombinant polypeptides which typically bind antigens or
receptors; these fragments contain at least one fragment of an
antibody variable heavy-chain amino acid sequence (V)
tethered to at least one fragment of an antibody variable
light-chain sequence (V) with or without one or more inter-
connecting linkers. Such a linker may be a short, flexible
peptide selected to assure that the proper three-dimensional
folding of the V,; and V; domains occurs once they are linked
so as to maintain the target molecule binding-specificity of
the whole antibody from which the single-chain antibody
fragment is derived. Generally, the carboxyl terminus of the
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V, or V,, sequence is covalently linked by such a peptide
linker to the amino acid terminus of a complementary V; and
V,,sequence. Single-chain antibody fragments can be gener-
ated by molecular cloning, antibody phage display library or
similar techniques. These proteins can be produced either in
eukaryotic cells or prokaryotic cells, including bacteria.
[0146] Single-chain antibody fragments contain amino
acid sequences having at least one of the variable regions or
CDRs of the whole antibodies described in this specification,
but are lacking some or all of the constant domains of those
antibodies. These constant domains are not necessary for
antigen binding, but constitute a major portion of the structure
of whole antibodies. Single-chain antibody fragments may
therefore overcome some of the problems associated with the
use of antibodies containing part or all of a constant domain.
For example, single-chain antibody fragments tend to be free
of undesired interactions between biological molecules and
the heavy-chain constant region, or other unwanted biologi-
cal activity. Additionally, single-chain antibody fragments
are considerably smaller than whole antibodies and may
therefore have greater capillary permeability than whole anti-
bodies, allowing single-chain antibody fragments to localize
and bind to target antigen-binding sites more efficiently. Also,
antibody fragments can be produced on a relatively large
scale in prokaryotic cells, thus facilitating their production.
Furthermore, the relatively small size of single-chain anti-
body fragments makes them less likely than whole antibodies
to provoke an immune response in a recipient.

[0147] Functional equivalents further include fragments of
antibodies that have the same or comparable binding charac-
teristics to those of the whole antibody. Such fragments may
contain one or both Fab fragments or the F(ab'"), fragment.
Preferably the antibody fragments contain all six CDRs ofthe
whole antibody, although fragments containing fewer than all
of such regions, such as three, four or five CDRs, are also
functional.

[0148] Further, the functional equivalents may be or may
combine members of any one of the following immunoglo-
bulin classes: 1gG, IgM, IgA, IgD, or IgE, and the subclasses
thereof.

[0149] Equivalents of antibodies are prepared by methods
known in the art. For example, fragments of antibodies may
be prepared enzymatically from whole antibodies. Prefer-
ably, equivalents of antibodies are prepared from DNA
encoding such equivalents. DNA encoding fragments of anti-
bodies may be prepared by deleting all but the desired portion
of the DNA that encodes the full-length antibody.

Nucleic Acid Molecules

[0150] The present invention features nucleic acid mol-
ecules capable of binding atrogin-1 nucleic acids or polypep-
tides; mediating downregulation of the expression of an atro-
gin-1 polypeptide or nucleic acid; or mediating a decrease in
the activity of a atrogin-1 polypeptide. Examples of the
nucleic acids of the invention include, without limitation,
antisense oligomers (e.g., morpholinos), dsRNAs (e.g., siR-
NAs and shRNAs), and aptamers.

Antisense Oligomers

[0151] The present invention features antisense nucleobase
oligomers to atrogin-1 and the use of such oligomers to down-
regulate expression of atrogin-1 mRNA. By binding to the
complementary nucleic acid sequence (the sense or coding
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strand), antisense nucleobase oligomers are able to inhibit
protein expression presumably through the enzymatic cleav-
age of the RNA strand by RNAse H. Preferably the antisense
nucleobase oligomer is capable of reducing atrogin-1 protein
expression in a cell that expresses increased levels of atrogin-
1. Preferably the decreasein atrogin-1 protein expression is at
least 10% relative to cells treated with a control oligonucle-
otide, preferably 20% or greater, more preferably 40%, 50%,
60%, 70%, 80%, 90% or greater. Methods for selecting and
preparing antisense nucleobase oligomers are well known in
the art. Methods for assaying levels of protein expression are
also well known in the art and include Western blotting,
immunoprecipitation, and ELISA.

[0152] One example of an antisense nucleobase oligomer
particularly useful in the methods and compositions of the
invention is a morpholino oligomer. Morpholinos are used to
block access of other molecules to specific sequences within
nucleic acid molecules. They can block access of other mol-
ecules to small (~25 base) regions of ribonucleic acid (RNA).
Morpholinos are sometimes referred to as PMO, an acronym
for phosphorodiamidate morpholino oligo.

[0153] Morpholinos are used to knock down gene function
by preventing cells from making a targeted protein or by
modifying the splicing of pre-mRNA. Morpholinos are syn-
thetic molecules that bind to complementary sequences of
RNA by standard nucleic acid base-pairing. While morpholi-
nos have standard nucleic acid bases, those bases are bound to
morpholine rings instead of deoxyribose rings and linked
through phosphorodiamidate groups instead of phosphates.
Replacement of anionic phosphates with the uncharged phos-
phorodiamidate groups eliminates ionization in the usual
physiological pH range, so morpholinos in organisms or cells
are uncharged molecules.

[0154] Morpholinos act by “steric blocking” or binding to a
target sequence within an RNA and blocking molecules
which might otherwise interact with the RNA. Because of
their completely unnatural backbones, morpholinos are not
recognized by cellular proteins. Nucleases do not degrade
morpholinos and morpholinos do not activate toll-like recep-
tors and so they do not activate innate immune responses such
as the interferon system or the NF-kB-mediated inflamma-
tion response. Morpholinos are also not known to modify
methylation of DNA. Therefore, morpholinos directed to any
part of atrogin-1 and that reduce or inhibit the expression
levels or biological activity of atrogin-1 are particularly use-
ful in the methods and compositions of the invention that
require the use of atrogin-1 inhibitor compounds. For
example, morpholinos may be targeted to both the coding and
non-coding sequences of an mRNA (e.g., atrogin-1 mRNA).
In preferred embodiments, the morpholinos may be designed
to target the ATG or translation start site or a intron/exon
splice site within the sequence of an mRNA (e.g., atrogin-1
mRNA). Two examples of morpholinos that target atrogin-1
mRNA are 5'-TTG TCC AAG AAA CGG CAT TGT CAA
G-3' (SEQID NO: 8) and 5'-AAA GCC ACC ATC ATG TAC
CTG TCT G-3' (SEQ ID NO: 9).

dsRNAs

[0155] Thepresent invention also features the use of double
stranded RNAs including, but not limited to siRNAs and
shRNAs. Short double-stranded RNAs may be used to per-
form RNA interference (RNAI) to inhibit expression of atro-
gin-1. RNAi is a form of post-transcriptional gene silencing
initiated by the introduction of double-stranded RNA
(dsRNA). Short 15 to 32 nucleotide double-stranded RNAs,
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known generally as “siRNAs,” “small RNAs,” or “microR-
NAs” are effective at down-regulating gene expression in
nematodes (Zamore et al., Cell 101: 25-33) and in mamma-
lian tissue culture cell lines 20. (Elbashir et al., Nature 411:
494-498, 2001). The further therapeutic effectiveness of this
approach in mammals was demonstrated in vivo by McCaf-
frey et al. (Nature 418:38-39.2002). The small RNAs are at
least 15 nucleotides, preferably, 17,18, 19,20, 21,22, 23,24,
25,26,27,28,29,30,31,32, 33, 34, 35, nucleotides in length
and even up to 50 or 100 nucleotides in length (inclusive of all
integers in between). Such small RNAs that are substantially
identical to or complementary to any region of atrogin-1, are
included in the invention. Non-limiting examples of desirable
small RNAs are substantially identical (e.g., 60%, 65%, 70%,
75%, 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100%
sequence identity) to or complementary to the atrogin-1
translational start sequence or the splicing sequence. For
example, the sequence 5'-TTG TCC AAG AAA CGG CAT
TGT CAA G-3' (SEQID NO: 8) may be used for targeting the
z-atrogin-1 translational start site and the sequence 5'-AAA
GCC ACC ATC ATG TAC CTG TCT G-3' (SEQ ID NO: 9)
may be used to target the z-atrogin-1 splicing sequence.

[0156] Theinventionincludes any small RNA substantially
identical to at least 15 nucleotides, preferably, 17, 18, 19, 20,
21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33, 34, or 35,
nucleotides in length and even up to 50 or 100 nucleotides in
length (inclusive of all integers in between) of any region of
atrogin-1 (e.g., SEQ ID NO: 1 and SEQ ID NO: 3). It should
be noted that longer dsRNA fragments can be used that are
processed into such small RNAs. Useful small RNAs can be
identified by their ability to decrease atrogin-lexpression lev-
els or biological activity. Small RNAs can also include short
hairpin RNAs in which both strands of an siRNA duplex are
included within a single RNA molecule.

[0157] The specific requirements and modifications of
small RNA are known in the art and are described, for
example, in PCT Publication No. W0O01/75164, and U.S.
Application Publication Nos. 20060134787, 20050153918,
20050058982, 20050037988, and 20040203145, the relevant
portions of which are herein incorporated by reference. In
particular embodiments, siRNAs can be synthesized or gen-
erated by processing longer double-stranded RNAs, for
example, in the presence of the enzyme dicer under condi-
tions in which the dsRNA is processed to RNA molecules of
about 17 to about 26 nucleotides. siRNAs can also be gener-
ated by expression of the corresponding DNA fragment (e.g,,
a hairpin DNA construct). Generally, the siRNA has a char-
acteristic 2- to 3-nucleotide 3' overhanging ends, preferably
these are (2'-deoxy) thymidine or uracil. The siRNAs typi-
cally comprise a 3' hydroxyl group. In some embodiments,
single stranded siRNAs or blunt ended dsRNA are used. In
order to further enhance the stability of the RNA, the 3'
overhangs are stabilized against degradation. In one embodi-
ment, the RNA is stabilized by including purine nucleotides,
such as adenosine or guanosine. Alternatively, substitution of
pyrimidine nucleotides by modified analogs, e.g., substitu-
tion of uridine 2-nucleotide overhangs by (2'-deoxy)thymide
is tolerated and does not affect the efficiency of RNAi. The
absence of a 2' hydroxyl group significantly enhances the
nuclease resistance of the overhang in tissue culture medium.
[0158] siRNA molecules can be obtained through a variety
of protocols including chemical synthesis or recombinant
production using a Drosophila in vitro system. They can be
commercially obtained from companies such as Dharmacon
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Research Inc. or Xeragon Inc., or they can be synthesized
using commercially available kits such as the Silencer™
siRNA Construction Kit from Ambion (catalog number
1620) or HiScribe™ RNAi Transcription Kit from New
England BioLabs (catalog number E2000S).

[0159] Alternatively siRNA can be prepared using standard
procedures for in vitro transcription of RNA and dsRNA
annealing procedures such as those described in Elbashir et
al. (Genes & Dev., 15:188-200, 2001), Girard et al. (Nawure
442:199-202, 2006), Aravin et al. (Nature 442:203-207,
2006), Grivna et al. (Genes Dev. 20:1709-1714, 2006), and
Lau et al. (Science 313:305-306, 2006). siRNAs are also
obtained by incubation of dsRNA that corresponds to a
sequence of the target gene in a cell-free Drosophila lysate
from syncytial blastoderm Drosophila embryos under condi-
tions in which the dsRNA is processed to generate siRNAs of
about 21 to about 23 nucleotides, which are then isolated
using techniques known to those of skill in the art. For
example, gel electrophoresis can be used to separate the
21-23 nt RNAs and the RNAs can then be eluted from the gel
slices. In addition, chromatography (e.g., size exclusion chro-
matography), glycerol gradient centrifugation, and affinity
purification with antibody can be used to isolate the small
RNAs.

[0160] Short hairpin RNAs (shRNAs), as described in Yu et
al. (Proc. Natl. Acad. Sci. US4, 99:6047-6052, 2002) or Pad-
dison et al. (Genes & Dev, 16:948-938, 2002), incorporated
herein by reference, can also be used in the methods of the
invention. shRNAs are designed such that both the sense and
antisense strands are included within a single RNA molecule
and connected by a loop of nucleotides (3 or more). shRNAs
can be synthesized and purified using standard in vitro T7
transcription synthesis as described above and in Yu et al.
(supra). shRNAs can also be subcloned into an expression
vector that has the mouse U6 promoter sequences which can
then be transfected into cells and used for in vivo expression
of the shRNA.

[0161] A variety of methods are available for transfection,
or introduction, of dsRNA into mammalian cells. For
example, there are several commercially available transfec-
tion reagents useful for lipid-based transfection of siRNAs
including but not limited to: TransIT-TKO™ (Mirus, Cat. #
MIR 2150), Transmessenger™ (Qiagen, Cat. # 301525), Oli-
gofectamine™ and Lipofectamine™ (Invitrogen, Cat. # MIR
12252-011 and Cat. #13778-075), siPORT™ (Ambion, Cat.
#1631), DharmaFECT™ (Fisher Scientific, Cat. # T-2001-
01). Agents are also commercially available for electropora-
tion-based methods for transfection of siRNA, such as
siPORTer™ (Ambion Inc. Cat. # 1629). Microinjection tech-
niques can also be used. The small RNA can also be tran-
scribed from an expression construct introduced into the
cells, where the expression construct includes a coding
sequence for transcribing the small RNA operably linked to
one or more transcriptional regulatory sequences. Where
desired, plasmids, vectors, or viral vectors can also be used
for the delivery of dsRNA or siRNA and such vectors are
known in the art. Protocols for each transfection reagent are
available from the manufacturer. Additional methods are
known in the art and are described, for example in U.S. Patent
Application Publication No. 20060058255.

Aptamers

[0162] Thepresent invention also features aptamers to atro-
gin-1 and the use of such aptamers to downregulate expres-
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sion of atrogin-1 proteins or atrogin-1 mRNA. Aptamers are
nucleic acid molecules that form tertiary structures that spe-
cifically bind to a target molecule, such as an atrogin-1
polypeptide. The generation and therapeutic use of aptamers
are well established in the art. See, e.g., U.S. Pat. No. 5,475,
096. For example, an atrogin-1 aptamer may be a pegylated
modified oligonucleotide, which adopts a three-dimensional
conformation that enables it to bind to atrogin-1. Additional
information on aptamers can be found, for e.g., in U.S. Patent
Application Publication No. 20060148748.

Therapeutic Formulations

[0163] Statin compounds for use in the methods are phar-
maceutical formulations of the HMG-CoA reductase inhibi-
tors understood to be those active agents which may be used
to lower the lipid levels including cholesterol in blood. The
class of HMG-CoA reductase inhibitors comprises com-
pounds having differing structural features. For example,
HMG-CoA reductase inhibitors include: atorvastatin, ceriv-
astatin, fluvastatin, lovastatin, pitavastatin (formerly itavasta-
tin), pravastatin, rosuvastatin, and simvastatin, or, in each
case, a pharmaceutically acceptable salt thereof (e.g., a cal-
cium salt). Preferred HMG-CoA reductase inhibitors are
those agents which have been marketed as lipid lowering
compounds, most preferred is fluvastatin, atorvastatin, pitav-
astatin or simvastatin, or a pharmaceutically acceptable salt
thereof.

[0164] Thedosage of the active compound can depend ona
variety of factors, such as mode of administration, homeo-
thermic species, age and/or individual condition. Statins may
be administered at a dosage of generally between about 1 and
about 500 mg/day. more preferably from about 1 to about 40,
50, 60, 70 or 80 mg/day, advantageously from about 20 to
about 40 mg per day. For example, tablets or capsules com-
prising, e.g., from about 5 mg to about 120 mg, preferably,
when using fluvastatin, for example, 20 mg, 40 mg, or 80 mg
(equivalent to the free acid) of fluvastatin, for example,
administered once a day.

[0165] Theinvention includes the use of atrogin-1 inhibitor
compounds to treat, prevent or reduce a statin-mediated
myopathy in a subject. The atrogin-1 inhibitor compound can
be administered at anytime, for example, after diagnosis or
detection of a statin-mediated myopathy, or for prevention of
astatin-mediated myopathy in subjects that have not yet been
diagnosed with a statin-mediated myopathy but are at risk of
developing such a disorder, or after a risk of developing a
statin-mediated myopathy is determined. An atrogin-1 inhibi-
tor compound may also be administered simultaneously with
a statin. An atrogin-1 inhibitor compound of the invention
may be formulated with a pharmaceutically-acceptable dilu-
ent, carrier, or excipient, in unit dosage form. Conventional
pharmaceutical practice may be employed to provide suitable
formulations or compositions to administer atrogin-1 inhibi-
tor compound of the invention to patients suffering from a
statin-mediated myopathy. Administration may begin before
the patient is symptomatic. The atrogin- 1 inhibitor compound
of the present invention can be formulated and administered
in a variety of ways, e.g., those routes known for specific
indications, including, but not limited to, topically, orally,
subcutaneously, bronchioscopic injection, intravenously,
intracerebrally, intranasally, transdermally, intraperitoneally,
intramuscularly, intrapulmonary, vaginally, rectally. intraar-
terially, intralesionally, parenterally, intraventricularly in the
brain, or intraocularly. The atrogin-1 inhibitor compound can
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be in the form of a pill, tablet, capsule, liquid, or sustained
release tablet for oral administration; or a liquid for intrave-
nous administration, subcutaneous administration, or injec-
tion; for intranasal formulations, in the form of powders,
nasal drops, or aerosols; or a polymer or other sustained-
release vehicle for local administration.

[0166] The invention also includes the use of atrogin-1
inhibitor compounds to treat, prevent or reduce a statin-me-
diated myopathy in a biological sample derived from a sub-
ject (e.g., treatment of a biological sample ex vivo) using any
means of administration and formulation described herein.
The biological sample to be treated ex vivo may include any
biological fluid (e.g., blood, serum, plasma, or cerebrospinal
fluid), cell (e.g., a myocyte), or tissue (e.g., muscle tissue)
from a subject that has a statin-mediated myopathy or the
propensity to develop a statin-induced myopathy. The bio-
logical sample treated ex vivo with the atrogin-1 inhibitor
may be reintroduced back into the original subject or into a
different subject. The ex vivo treatment of a biological sample
with an atrogin-1 inhibitor, as described herein, may be
repeated in an individual subject (e.g., at least once, twice,
three times, four times, or at least ten times). Additionally, ex
vivo treatment of a biological sample derived from a subject
with an atrogin-1 inhibitor, as described herein, may be
repeated at regular intervals (non-limiting examples include
daily, weekly, monthly, twice a month, three times a month,
four times a month, bi-monthly, once a year, twice a year,
three times a year, four times a year, five times a year, six
times a year, seven times a year, eight times a year, nine times
ayear, ten times a year, eleven times a year, and twelve times
ayear).

[0167] Therapeutic formulations are prepared using stan-
dard methods known in the art by mixing the active ingredient
having the desired degree of purity with optional physiologi-
cally acceptable carriers, excipients or stabilizers (Reming-
ton’s Pharmaceutical Sciences (20th edition), ed. A. Gennaro,
2000, Lippincott, Williams & Wilkins, Philadelphia, Pa.), in
the form of lyophilized formulations or aqueous solutions.
Acceptable carriers, include saline, or buffers such as phos-
phate, citrate and other organic acids; antioxidants including
ascorbic acid; low molecular weight (less than about 10 resi-
dues) polypeptides; proteins, such as serum albumin, gelatin
or immunoglobulins; hydrophilic polymers such as polyvi-
nylpyrrolidone, amino acids such as glycine, glutamine,
asparagine, arginine, or lysine; monosaccharides, disaccha-
rides, and other carbohydrates including glucose, mannose,
or dextrins; chelating agents such as EDTA; sugar alcohols
such as mannitol or sorbitol; salt-forming counterions such as
sodium; and/or nonionic surfactants such as TWEENT™,
PLURONICS™, or PEG. Optionally, but preferably, the for-
mulation contains a pharmaceutically acceptable salt, prefer-
ably sodium chloride, and preferably at about physiological
concentrations. The formulation may also contain the atro-
gin-1 inhibitor compound in the form of a calcium salt.
Optionally, the formulations of the invention can contain a
pharmaceutically acceptable preservative. In some embodi-
ments the preservative concentration ranges from 0.1 to 2.0%,
typically v/v. Suitable preservatives include those known in
the pharmaceutical arts. Benzyl alcohol, phenol, m-cresol,
methylparaben, and propylparaben are preferred preserva-
tives. Optionally, the formulations of the invention can
include a pharmaceutically acceptable surfactant. Preferred
surfactants are non-ionic detergents.
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[0168] For parenteral administration, the atrogin-1 inhibi-
tor compound is formulated in a unit dosage injectable form
(solution, suspension, emulsion) in association with a phar-
maceutically acceptable parenteral vehicle. Such vehicles are
inherently nontoxic and non-therapeutic. Examples of such
vehicles are water, saline, Ringer’s solution, dextrose solu-
tion, and 5% human serum albumin. Nonaqueous vehicles
such as fixed oils and ethyl oleate may also be used. Lipo-
somes may be used as carriers. The vehicle may contain
minor amounts of additives such as substances that enhance
isotonicity and chemical stability, e.g., buffers and preserva-
tives.

[0169] The dosage required depends on the choice of the
route of administration; the nature of the formulation; the
nature of the subject’s illness; the subject’s size, weight, sur-
face area, age, and sex; other drugs being administered; and
the judgment of the attending physician. Wide variations in
the needed dosage are to be expected in view of the variety of
polypeptides and fragments available and the differing effi-
ciencies of various routes of administration. For example,
oral administration would be expected to require higher dos-
ages than administration by intravenous injection. Variations
in these dosage levels can be adjusted using standard empiri-
cal routines for optimization as is well understood in the art.
Administrations can be single or multiple (e.g., 2-, 3-, 6-, 8-,
10-, 20-, 50-, 100-, 150-, or more). Encapsulation of the
polypeptide in a suitable delivery vehicle (e.g., polymeric
microparticles or implantable devices) may increase the effi-
ciency of delivery, particularly for oral delivery.

[0170] As described above, the dosage of the atrogin-1
inhibitor compound will depend on other clinical factors such
as weight and condition of the subject and the route of admin-
istration of the compound. For treating subjects, between
approximately 0.01 mg/kg to 500 mg/kg body weight of the
atrogin-1 inhibitor compound can be administered. A more
preferable range is 0.01 mg/kg to 50 mg/kg body weight with
the most preferable range being from 1 mg/kg to 25 mg/kg
body weight. Depending upon the half-life of the atrogin-1
inhibitor compound in the particular subject, the atrogin-1
inhibitor compound can be administered between several
times per day to once a week. The methods of the present
invention provide for single as well as multiple administra-
tions, given either simultaneously or over an extended period
of time.

[0171] Alternatively, a polynucleotide containing a nucleic
acid sequence encoding an atrogin-1 inhibitor compound
(e.g., an mRNA encoding PGC-1a protein) can be delivered
to the appropriate cells in the subject. Expression of the
coding sequence can be directed to any cell in the body of the
subject, preferably a myocyte. This can be achieved, for
example, through the use of polymeric, biodegradable micro-
particle or microcapsule delivery devices known in the art.
[0172] The nucleic acid can be introduced into the cells by
any means appropriate for the vector employed. Many such
methods are well known in the art (Sambrook et al., supra, and
Watson et al., Recombinant DNA, Chapter 12, 2d edition,
Scientific American Books, 1992). Examples of methods of
gene delivery include liposome-mediated transfection, elec-
troporation, calcium phosphate/DEAE dextran methods,
gene gun, and microinjection.

[0173] In gene therapy applications, genes are introduced
into cells in order to achieve in vivo synthesis of a therapeu-
tically effective genetic product. “Gene therapy” includes
both conventional gene therapy where a lasting effect is
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achieved by a single treatment, and the administration of gene
therapeutic agents, which involves the one time or repeated
administration of a therapeutically effective DNA or mRNA.
Standard gene therapy methods typically allow for transient
protein expression at the target site ranging from several
hours to several weeks. Re-application of the nucleic acid can
be utilized as needed to provide additional periods of expres-
sion of an atrogin-1 inhibitor compound.

[0174] Alternatively, tissue specific targeting can be
achieved by the use of tissue- or cell-specific transcriptional
regulatory elements which are known in the art (e.g., myo-
cyte-specific promoters or enhancers). Delivery of “naked
DNA” (i.e., without a delivery vehicle) to an intramuscular,
intradermal, or subcutaneous site is another means to achieve
in vivo expression.

[0175] Gene delivery using viral vectors such as adenovi-
ral, retroviral, lentiviral, or adeno-asociated viral vectors can
also be used. Numerous vectors useful for this purpose are
generally known and have been described. In the relevant
polynucleotides (e.g., expression vectors), the nucleic acid
sequence encoding the atrogin-1 inhibitor polypeptide (in-
cluding an initiator methionine and optionally a targeting
sequence) is operatively linked to a promoter or enhancer-
promoter combination. Short amino acid sequences can act as
signals to direct proteins to specific intracellular compart-
ments. Such signal sequences are described in detail in U.S.
Pat. No. 5,827,516, incorporated herein by reference in its
entirety. An ex vivo strategy can also be used for therapeutic
applications. Ex vivo strategies involve transfecting or trans-
ducing cells obtained from the subject with a polynucleotide
encoding an atrogin-1 inhibitor compound. The transfected or
transduced cells are then returned to the subject. Such cells
act as a source of the atrogin-1 inhibitor compound for as long
as they survive in the subject.

[0176] Atrogin-1 inhibitor compound for use in the present
invention may also be modified in a way to form a chimeric
molecule comprising atrogin-1 inhibitor compound fused to
another, heterologous polypeptide or amino acid sequence,
such as an Fc sequence for stability.

[0177] The atrogin-1 inhibitor compound can be packaged
alone or in combination with other therapeutic compounds as
a kit (e.g., with a statin compound). Non-limiting examples
include kits that contain, for example, two pills, a powder, a
suppository and a liquid in a vial, or two topical creams.
Desirably, a kit contains both a atrogin-1 inhibitor compound
and a statin.

[0178] The kit can include optional components that aid in
the administration of the unit dose to patients, suchas vials for
reconstituting powder forms, syringes for injection, custom-
ized IV delivery systems, inhalers, etc. Additionally, the unit
dose kit can contain instructions for preparation and admin-
istration ofthe compositions. The kit may be manufactured as
a single use unit dose for one patient, multiple uses for a
particular patient (at a constant dose or in which the indi-
vidual compounds may vary in potency as therapy
progresses); or the kit may contain multiple doses suitable for
administration to multiple patients (“bulk packaging”). The
kit components may be assembled in cartons, blister packs,
bottles, tubes, and the like.

[0179] Combination therapies of the invention include this
sequential administration, as well as administration of these
therapeutic agents, in a substantially simultaneous manner.
Substantially simultaneous administration can be accom-
plished, for example, by administering to the subject an atro-
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gin-1 inhibitor compound and a statin in multiple capsules or
injections. The components of the combination therapies, as
noted above, can be administered by the same route or by
different routes. For example, a statin compound and an atro-
gin-1 inhibitor compound may both be administered in the
same way (e.g., via oral administration). In different embodi-
ments, a statin compound may be administered by orally,
while the other atrogin-1 inhibitor compounds may be admin-
istered intramuscularly, subcutaneously, topically or all
therapeutic agents may be administered orally or all thera-
peutic agents may be administered by intravenous injection.
The temporal sequence and or route of administration in
which the therapeutic agents may depend upon the status of
the patient. For example a patient at risk for developing a
statin-mediated myopathy may begin receiving an adminis-
tration or multiple administrations of an atrogin-1 inhibitor
compound prior to administration of a statin compound,
simultaneously to a statin compound, or consequent to
administration of a statin compound. A patient diagnosed
with a statin mediated myopathy may, for example, terminate
administration of a statin compound, or receive administra-
tion of a different statin compound while beginning or main-
taining administration of an atrogin-1 inhibitor compound.
Likewise, monitoring a patient undergoing treatment for a
statin mediated myopathy would likely dictate the temporal
sequence and/or route of administration based on the efficacy
of treatment as established by the clinician.

Diagnostic Methods

[0180] The present invention features methods and compo-
sitions for the diagnosis of a statin-mediated myopathy or the
propensity to develop such a condition using atrogin-1
polypeptides, nucleic acid molecules, and antibodies. The
methods and compositions can include the measurement of
atrogin-1 polypeptides, either free or bound to another mol-
ecule, or any fragments or derivatives thereof. Alterations in
atrogin-1 expression or biological activity in a test sample as
compared to a normal reference can be used to diagnose any
of the disorders of the invention.

[0181] A subject having a statin-mediated myopathy, or a
propensity to develop such a condition, will show an alter-
ation (e.g., an increase or a decrease of 10%, 20%, 30%, 40%,
50%, 60%, 70%, 80%, 90%, or more) in the expression of an
atrogin-1 polypeptide or an atrogin-1 biological activity. For
example, an increase in the atrogin-1 polypeptide levels com-
pared to a normal reference sample or level is diagnostic of a
statin-mediated myopathy or a propensity to develop a statin-
mediated myopathy. The atrogin-1 polypeptide can include
full-length atrogin-1 polypeptide, degradation products,
alternatively spliced isoforms of atrogin-1 polypeptide, enzy-
matic cleavage products of atrogin-1 polypeptide, atrogin-1
bound to a substrate or ligand, or free atrogin-1.

[0182] Standard methods may be used to measure levels of
atrogin-1 polypeptide in any bodily fluid, including, but not
limited to, urine, blood, serum, plasma, saliva, amniotic fluid,
or cerebrospinal fluid. Such methods include immunoassay,
ELISA, Western blotting using antibodies directed to atro-
gin-1 polypeptide, and quantitative enzyme immunoassay
techniques. ELISA assays are the preferred method for mea-
suring levels of atrogin-1 polypeptide. In one example, an
atrogin-1 binding protein, for example an antibody that spe-
cifically binds a atrogin-1 polypeptide, is used in an immu-
noassay for the detection of atrogin-1 and the diagnosis of any
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of the disorders described herein or the identification of a
subject at risk of developing such disorders.

[0183] Themeasurement of antibodies specific to atrogin-1
polypeptide in a patient may also be used for the diagnosis of
a statin-mediated myopathy or the propensity to develop a
statin-mediated myopathy. Antibodies specific to atrogin-1
polypeptide may be measured in any bodily fluid, including,
but not limited to, 1 urine, blood, serum, plasma, saliva,
amniotic fluid, or cerebrospinal fluid. ELISA assays are the
preferred method for measuring levels of anti-atrogin-1 anti-
bodies in a bodily fluid. An increased level of anti-atrogin-1
antibodies in a bodily fluid is indicative of a statin-induced
myopathy or the propensity to develop a statin-mediated
myopathy.

[0184] Atrogin-1 nucleic acid molecules, or fragments or
oligonucleotides of atrogin-1 that hybridize to atrogin-1 at
high stringency may be used as a probe to monitor expression
of atrogin-1 nucleic acid molecules in the diagnostic methods
of the invention. Any of the atrogin-1 nucleic acid molecules
above can also be used to identify subjects having a genetic
variation, mutation, or polymorphism in a atrogin-1 nucleic
acid molecule that are indicative of a predisposition to
develop the conditions. These polymorphisms may affect
atrogin-1 nucleic acid or polypeptide expression levels or
biological activity. Detection of genetic variation, mutation,
or polymorphism relative to a normal, reference sample can
be used as a diagnostic indicator of a subject likely to develop
a statin-mediated myopathy while undergoing statin therapy,
or the propensity to develop such a condition.

[0185] Such genetic alterations may be present in the pro-
moter sequence, an open reading frame, intronic sequence, or
untranslated 3' region of a atrogin-1 gene. As noted through-
out, specific alterations in the levels of biological activity of
atrogin-1 can be correlated with the likelihood of a statin-
mediated myopathy, or the predisposition to the same. As a
result, one skilled in the art, having detected a given mutation,
can then assay one or more metrics of the biological activity
of the protein to determine if the mutation causes or increases
the likelithood of a statin-mediated myopathy, or the predis-
position to the same. For example, a patient may have a
polymorphism in the promoter atrogin-1, which may increase
the gene expression of atrogin-1. In such an instance, the
polymorphism in the promoter may be used as a diagnostic
tool for indentifying a patient with a statin-mediated myopa-
thy or the propensity to develop a statin-mediated myopathy.
[0186] In one embodiment, a subject having a statin-medi-
ated myopathy, or a predisposition to the same, will show an
increase in the expression of a nucleic acid encoding atrogin-
1. Methods for detecting such alterations are standard in the
art and are described in Sandri et al. (Cell, 117:399-412,
2004). In one example Northern blotting or real-time PCR is
used to detect atrogin-1 mRNA levels (Sandri et al., supra,
and Bdolah et al., Am. J. Physio. Regul. Integre. Comp.
Physiol. 292:R971-R976, 2007).

[0187] In another embodiment, hybridization at high strin-
gency with PCR probes that are capable of detecting a atro-
gin-1 nucleic acid molecule, including genomic sequences, or
closely related molecules, may be used to hybridize to a
nucleic acid sequence derived from a subject having a statin-
mediated myopathy, or at risk of developing such a disorder.
The specificity of the probe, whether it is made from a highly
specific region, e.g., the 5' regulatory region, or from a less
specific region, e.g., a conserved motif, and the stringency of
the hybridization or amplification (maximal, high, interme-

Dec. 9, 2010

diate, or low), determine whether the probe hybridizes to a
naturally occurring sequence, allelic variants, or other related
sequences. Hybridization techniques may be used to identify
mutations in an atrogin-1 nucleic acid molecule, or may be
used to monitor expression levels of a gene encoding an
atrogin-1 polypeptide (Sandri et al., supra, and Bdolah et al.,
supra).

[0188] Another method of detecting atrogin-1 useful in the
diagnostic methods of the invention includes the detection of
antibodies that specifically bind to atrogin-1 in the blood or
serum of a subject. For such a diagnostic methods, an atro-
gin-1 polypeptide, or fragment thereof, is used to detect the
presence of atrogin-1 antibodies in the blood or serum of a
subject. The subject sample can be compared to a reference,
preferably a normal reference and an increase in the level of
anti-atrogin-1 antibodies present is indicative of a statin-me-
diated myopathy.

[0189] Diagnostic methods can include measurement of
absolute levels of atrogin-1 polypeptide, nucleic acid, or anti-
body, or relative levels of atrogin-1 polypeptide, nucleic acid,
or antibody as compared to a reference sample. In one
example, alterations in the levels of atrogin-1 polypeptide,
nucleic acid, or antibody as compared to a normal reference,
are considered a positive indicator of a statin-mediated
myopathy, or the propensity to develop such a disorder (an
increaseinthe levels is indicative of a statin-mediated myopa-
thy).

[0190] In any of the diagnostic methods, the level of atro-
gin-1 polypeptide, nucleic acid, or antibody, or any combina-
tion thereof, can be measured at least two different times from
the same subject and an alteration in the levels (e.g., by 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or more) over
time is used as an indicator of a statin-mediated myopathy, or
the propensity to develop such a condition. It will be under-
stood by the skilled artisan that for diagnostic methods that
include comparing of the atrogin-1 polypeptide, nucleic acid,
or antibody level to a reference level, particularly a prior
sample taken from the same subject, a change over time (e.g,,
an increase) with respect to the baseline level can be used as
a diagnostic indicator of a statin-mediated myopathy, or a
predisposition to either condition. The level of atrogin-1
polypeptide, nucleic acid, or antibody in the bodily fluids of a
subject having a statin-mediated myopathy, or the propensity
to develop such a condition may be altered, e.g., increased by
as little as 10%, 20%, 30%, or 40%, or by as much as 50%,
60%, 70%, 80%, or 90% or more, relative to the level of
atrogin-1 polypeptide, nucleic acid, or antibody in a prior
sample or samples. The level of atrogin-1 polypeptide,
nucleic acid, or antibody in the bodily fluids of a subject
having a myopathy (e.g., a statin-induced myopathy), or the
propensity to develop such a condition may be altered, e.g.,
decreased by as little as 10%, 20%, 30%, or 40%, or by as
much as 50%, 60%, 70%, 80%, or 90% or more, relative to the
level of atrogin-1 polypeptide, nucleic acid, or antibody in a
prior sample or samples.

[0191] The diagnostic methods described herein can be
used individually or in combination with any other diagnostic
method described herein for a more accurate diagnosis of the
presence of, severity of, or predisposition to a statin-mediated
myopathy, or a predisposition to a statin-mediated myopathy.

Diagnostic Kits

[0192] The invention also provides for a diagnostic test kit.
For example, a diagnostic test kit can include polypeptides
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(e.g., antibodies that specifically bind to atrogin-1 polypep-
tide), and components for detecting, and more preferably
evaluating binding between the polypeptide (e.g., antibody)
and the atrogin-1 polypeptide. In another example, the kit can
include an atrogin-1 polypeptide or fragment thereof for the
detection of atrogin-1 antibodies in the serum or blood of a
subject sample. For detection, either the antibody or the atro-
gin-1 polypeptide is labeled, and either the antibody or the
atrogin-1 polypeptide is substrate-bound, such that the atro-
gin-1 polypeptide-antibody interaction can be established by
determining the amount of label attached to the substrate
following binding between the antibody and the atrogin-1
polypeptide. A conventional ELISA is a common, art-known
method for detecting antibody-substrate interaction and can
be provided with the kit of the invention. Atrogin-1 polypep-
tides can be detected in virtually any bodily fluid, such as
urine, plasma, blood serum, semen, or cerebrospinal fluid. A
kit that determines an alteration in the level of atrogin-1
polypeptide relative to a reference, such as the level present in
anormal control, is useful as a diagnostic kit in the methods
of the invention.

[0193] Desirably, the kit will contain instructions for the
use of the kit. In one example, the kit contains instructions for
the use of the kit for the diagnosis ofa statin-mediated myopa-
thy or a propensity to develop a statin-mediated myopathy. In
yet another example, the kit contains instructions for the use
of the kit to monitor therapeutic treatment or dosage regi-
mens.

[0194] The kit can also contain a standard curve indicating
levels of atrogin-1 that fall within the normal range and levels
that would be considered diagnostic of a statin-mediated
myopathy, or the propensity to develop any such disorder.

Subject Monitoring

[0195] The diagnostic methods described herein can also
be used to monitor a statin-mediated myopathy during
therapy or to determine the dosages of therapeutic com-
pounds. For example, alterations (e.g., a decrease as com-
pared to the positive reference sample or level for a statin-
mediated myopathy indicates an improvement in or the
absence of statin-mediated myopathy). In this embodiment,
the levels of atrogin-1 polypeptide, nucleic acid, or antibodies
are measured repeatedly as a method of not only diagnosing
disease but also monitoring the treatment, prevention, or
management of the disease. In order to monitor the progres-
sion of a statin-mediated myopathy in a subject, subject
samples are compared to reference samples taken early in the
diagnosis of the disorder. Such monitoring may be useful, for
example, in assessing the efficacy of a particular drug in a
subject, determining dosages, or in assessing disease progres-
sion or status. For example, atrogin-1 levels can be monitored
in a patient having a statin-mediated myopathy and as levels
of atrogin-1 decrease, the dosage or administration of atro-
gin-1 inhibitor compounds may be decreased as well. In
addition, the diagnostic methods of the invention can be used
to monitor a subject that has risk factors indicative of a statin-
mediated myopathy. For example, a subject having a family
history of a cardiovascular disease controlled by statin-treat-
ment with ensuing overt statin-mediated myopathic symp-
toms or the early indications for such a disorder (e.g., myal-
gia, myosits with or without CK elevation, rhabdomyolysis).
In such an example, the therapeutic methods of the invention
or those known in the art can then be used proactively to
promote myocyte cell health and to prevent the disorder from
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developing or from developing further. In another example, a
subject having a early indications of a statin-mediated
myopathy (e.g., subclinical statin-mediated myopathic indi-
cies, mild myalgia, myosits, no detectable CK elevation) can
be treated with the therapeutic methods of the invention for
statin-mediated myopathy to prevent progressive myopathic
statin-induced disease.

Screening Assays

[0196] As discussed above, we have discovered that atro-
gin-1 is a ubiquitin ligase with tissue specific expression that
is critical for normal myocyte function and maintenance.
Increases in atrogin-1 levels or biological activity results in
increased cell catabolism and consequent breakdown of cel-
lular proteins to mobilized amino acids; therefore, com-
pounds that decrease the levels or biological activity of atro-
gin-1 are useful for treating statin-mediated myopathies.
Based on these discoveries, atrogin-1 compositions of the
invention are useful for the high-throughput low-cost screen-
ing of candidate compounds to identify those that modulate,
alter, or decrease (e.g., by at least 10%, 20%, 30%, 40%, 50%,
60%, 70%, 80%, 90%, 95%. or more), the expression or
biological activity of atrogin-1. Compounds that decrease the
expression or biological activity of atrogin-1 can be used for
the treatment or prevention of a statin-mediated myopahy.
[0197] Any number of methods are available for carrying
out screening assays to identify new candidate compounds
that modulate (e.g., decrease) the expression of an atrogin-1
polypeptide or nucleic acid molecule. In one working
example, candidate compounds are added at varying concen-
trations to the culture medium of cultured cells expressing an
atrogin-1 nucleic acid molecule. Gene expression is then
measured, for example, by microarray analysis, Northern blot
analysis (Ausubel et al., Current Protocols in Molecular Biol-
ogy, Wiley Interscience, New York, 2001), or RT-PCR, using
any appropriate fragment prepared from the atrogin-1 nucleic
acid molecule as a hybridization probe. The level of gene
expression in the presence of the candidate compound is
compared to the level measured in a control culture medium
lacking the candidate compound. A compound that promotes
a decrease in the expression of an atrogin-1 gene or nucleic
acid molecule, or a functional equivalent thereof, is consid-
ered useful in the invention. If the compound promotes a
decrease in the levels of the atrogin-1 gene or nucleic acid
molecule; such a compound may be used, for example, as a
therapeutic to treat a statin-mediated myopathy.

[0198] Alternatively or additionally, statin compounds with
lowerrisk of associated myopathy can be identified by adding
candidate statin compounds to the culture medium of cells
expressing atrogin-1. The level of atrogin-1 expression can
then be compared to the level in cells treated with a statin with
aknownhigh risk of myopathy. A candidate statin compound
that promotes a lower level of atrogin-1 expression as com-
pared to the expression in cells treated with a known statin can
be used as a therapeutic to treat a statin-mediated myopathy.
[0199] The zebrafish assays described herein (e.g., somite
development in the presence of statins and ensuing develop-
mental defects) are also useful assays for identifying atro-
gin-1 inhibitor compounds. For example, the evaluation of
the altered somite development phenotype using an atrogin-1
inhibitor compound comprising a morpholino specific for the
atrogin-1 is shown in the Examples.

[0200] In another working example, an atrogin-1 nucleic
acid molecule is expressed as a transcriptional or translational
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fusion with a detectable reporter, and expressed in an isolated
cell (e.g., mammalian or insect cell) under the control of a
heterologous promoter, such as an inducible promoter. The
cell expressing the fusion molecule is then contacted with a
candidate compound, and the expression of the detectable
reporter in that cell is compared to the expression of the
detectable reporter in an untreated control cell. A candidate
compound that decreases the expression of an atrogin-1
detectable reporter fusion is a compound that is useful as a
therapeutic to promote myocyte cell health, and to treat, pre-
vent or reduce symptoms of a statin-mediated myopathy in a
subject.

[0201] Inanother working example, the effect of candidate
compounds may be measured at the level of polypeptide
expression using the same general approach and standard
immunological techniques, such as Western blotting or
immunoprecipitation with an antibody specific for an atro-
gin-1 polypeptide. For example, immunoassays may be used
to detect or monitor the expression of atrogin-1 polypeptides
in an organism. Polyclonal or monoclonal antibodies that are
capable of binding to such a polypeptide may be used in any
standard immunoassay format (e.g., ELISA, Western blot, or
RIA assay) to measure the level of the polypeptide. In some
embodiments, a compound that promotes an alteration, such
as a decrease, in the expression or biological activity of an
atrogin-1 polypeptide is considered particularly useful. A
candidate compound that decreases the expression level or
biological activity of an atrogin-1 polypeptide is a compound
that is useful as a therapeutic to treat a statin-mediated
myopathy.

[0202] In yet another working example, candidate com-
pounds may be screened to identify those that specifically
bind to an atrogin-1 polypeptide, preferably one that specifi-
cally binds to the ubiquitin-ligase domain or the substrate-
binding domain. The efficacy of such a candidate compound
is dependent upon its ability to interact with such a polypep-
tide or a functional equivalent thereof. Such an interaction can
be readily assayed using any number of standard binding
techniques and functional assays (e.g., those described in
Ausubel et al., supra). In one embodiment, a candidate com-
pound may be tested in vitro for its ability to specifically bind
to an atrogin-1 polypeptide. Compounds that specifically
bind to atrogin-1 and preferably act as an atrogin-1 inhibitor
compound can be used for the treatment of a statin-mediated
myopathy.

[0203] In one particular working example, a candidate
compound that binds to an atrogin-1 polypeptide may be
identified using a chromatography-based technique. For
example, a recombinant atrogin-1 may be purified by stan-
dard techniques from cells engineered to express atrogin-1
and may be immobilized on a column. A solution of candidate
compounds is then passed through the column, and a com-
pound specific for the atrogin-1 polypeptide is identified on
the basis of its ability to bind to the polypeptide and be
immobilized on the column. To isolate the compound, the
column is washed to remove non-specifically bound mol-
ecules, and the compound of interest is then released from the
column and collected. Similar methods may be used to isolate
a compound bound to a polypeptide microarray. Compounds
isolated by this method (or any other appropriate method)
may, if desired, be further purified (e.g., by high performance
liquid chromatography). In addition, these candidate com-
pounds may be tested for their ability to function an inhibitor
of the atrogin-1 polypeptide. Compounds isolated by this
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approach may also be used, for example, as therapeutics to
treat or prevent a statin-mediated myopathy in a subject.
Compounds that are identified as binding to atrogin-1 with an
affinity constant less than or equal to 10 mM are considered
particularly useful in the invention. Alternatively, any in vivo
protein interaction detection system, for example, a two-
hybrid assay, may be utilized to identify compounds or pro-
teins that bind to an atrogin-1 polypeptide of the invention.
[0204] Atrogin-1 inhibitor compounds useful in the meth-
ods of the invention can be identified using any of the assays
described above. Preferred atrogin-1 inhibitor compounds
will generally reduce or inhibit statin-mediated myopathy by
atleast 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, or
more.

Identification of New Compounds or Extracts

[0205] In general, compounds capable of decreasing the
activity of atrogin-1 are identified from large libraries of both
natural product or synthetic (or semi-synthetic) extracts,
chemical libraries, or from polypeptide or nucleic acid librar-
ies, according to methods known in the art. Those skilled in
the field of drug discovery and development will understand
that the precise source of test extracts or compounds is not
critical to the screening procedure(s) of the invention. Com-
pounds used in screens may include known compounds (for
example, known therapeutics used for other diseases or dis-
orders). Alternatively, virtually any number of unknown
chemical extracts or compounds can be screened using the
methods described herein. Examples of such extracts or com-
pounds include, but are not limited to, plant-, fungal-,
prokaryotic- or animal-based extracts, fermentation broths,
and synthetic compounds, as well as modification of existing
compounds. Numerous methods are also available for gener-
ating random or directed synthesis (e.g., semi-synthesis or
total synthesis) of any number of chemical compounds,
including, but not limited to, saccharide-, lipid-, peptide-, and
nucleic acid-based compounds. Synthetic compound librar-
ies are commercially available from Brandon Associates
(Merrimack, N.H.) Aldrich Chemical (Milwaukee, Wis.), and
ChemBridge (San Diego, Calif.). Alternatively, libraries of
natural compounds in the form of bacterial, fungal, plant, and
animal extracts are commercially available from a number of
sources, including Biotics (Sussex, UK), Xenova (Slough,
UK), Harbor Branch Oceangraphics Institute (Ft. Pierce,
Fla.), and PharmaMar, U.S.A. (Cambridge, Mass.). In addi-
tion, natural and synthetically produced libraries are pro-
duced, if desired, according to methods known in the art, e.g,,
by standard extraction and fractionation methods. Further-
more, if desired, any library or compound is readily modified
using standard chemical, physical, or biochemical methods.

[0206] Inaddition, those skilled in the art of drug discovery
and development readily understand that methods for derep-
lication (e.g., taxonomic dereplication, biological dereplica-
tion, and chemical dereplication, or any combination thereof)
or the elimination of replicates or repeats of materials already
known for their molt-disrupting activity should be employed
whenever possible.

[0207] When a crude extract is found to increase or
decrease the biological activity or expression levels of an
atrogin-1 polypeptide, or to bind to an atrogin-1 polypeptide,
further fractionation of the positive lead extract is necessary
to isolate chemical constituents responsible for the observed
effect. Thus, the goal of the extraction, fractionation, and
purification process is the careful characterization and iden-
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tification of a chemical entity within the crude extract that
decreases the biological activity of an atrogin-1 polypeptide.
Methods of fractionation and purification of such heteroge-
neous extracts are known in the art. If desired, compounds
shown to be useful as therapeutics for the treatment or pre-
vention of an endothelial cell disorder or an angiogenic dis-
order are chemically modified according to methods known
in the art.

EXAMPLES
Example 1

Statin Toxicity in Human Muscle Biopsies 1s Associ-
ated with Atrogin-1 Expression

[0208] The atrogin-1 mRNA levels were measured in 17
human quadriceps muscle biopsies from five patients under-
going knee replacements (controls), from four patients with
muscle pain but not being treated with statins, and from eight
patients with muscle pain/damage concomitantly being
treated with statins (the table below). As can be seen in FIG.
5A, atrogin-1 mRNA levels were significantly higher in the
statin-treated muscle samples. Though the subjects were not
strictly gender-matched, higher atrogin-1 mRNA levels were
observed in both males and females who had been adminis-
tered a statin (FIG. 5B).

TABLE 1
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[0210] Quantitative PCR: Atrogin-1 mRNA levels were
determined by real-time PCR using the Applied Biosystems®
7500 real-time PCR analyzer according to the method
recently described by others (Okuno et al., Blood 100:4420-
4426, 2002, and Yang et al., J. Cell Biochem. 94:1058-1067,
2005). Multiplexed amplification reactions were performed
using 18S rRNA as an endogenous control (18S rRNA prim-
ers/VIC-labeled probe Applied Biosystems #4310893E)
using the TagMan One Step PCR Master Mix reagents Kit
(#4309169, Applied Biosystems). The following settings
were used: Stage 1 (reverse transcription): 48° C. for 30 min;
Stage 2 (denaturation): 95° C. for 10 min; and Stage 3 (PCR):
95° C. for 15 sec and 60° C. for 60 sec for 40 cycles. The
sequences of the forward, reverse, and double-labeled oligo-
nucleotides for atrogin-1 were: forward 5'-CTT TCA ACA
GAC TGG ACT TCT CGA-3' (SEQ ID NO: 3); reverse
5-CAG CTC CAA CAG CCT TACTAC GT-3' (SEQID NO:
6); and TagMan® probe: 5'-FAM-TGC CAT CCT GGATTC
CAG AAG ATT CAA C-TAMRA-3' (SEQ 1D NO: 7). Fluo-
rescence data were analyzed by SDS1.7 software (Applied
Biosykems). The Ct (Threshold cycle) values for each reac-
tion were transferred to a Microsoft Excel spreadsheet and
calculation of relative gene expression was performed from
this data according to published algorithms (TagMan Cytok-
ine Gene Expression Plate 1 protocol, Applied Biosystems).

Human muscle biopsies from statin-treated and statin-untreated patients

Group/Bx Number Age  Sex Diagnosis Clinical Data Statin
Statin-treated 3 51 M  Statin-associated myopathy Muscle pain and weakness, CK 47 atorvastatin
4 75 M  Statin-associated myopathy Muscle pain and weakness, CK 73 atorvastatin
5 41 M  Statin-associated myopathy Muscle pain and weakness, CK 62 simvastatin
6 52 M  Statin-associated myopathy Muscle pain and weakness, CK 649 simvastatin
40 60 M Statin-induced rhabdomyolysis ~ Weakness, CK 932 lovastatin
41 82 F  Statin-induced rhabdomyolysis =~ Weakness, CK 51,080 simvastatin
43 87 M Statin-induced rhabdomyolysis ~ Weakness, CK 8,264 simvastatin
45 62 F  Statin-induced rhabdomyolysis ~ Weakness, CK 39,000 simvastatin
Non-statin 20 46 M Non-specific myopathy Muscle pain and weakness, CK 635  None
myopathy 22 39 F  Non-specific myopathy Muscle pain and weakness None
24 57 F  Non-specific myopathy Muscle pain and weakness None
27 46 F  Non-specific myopathy Muscle pain and weakness, CK 2,300 None
48 31 M  Non-specific myopathy Recurrent rhabdomyolysis None
51 41 M Minor myopathic changes Muscle pain and weakness, CK 800 ~ None
Control 31 73 F  osteoarthritis Knee pain None
33 6l F  osteoarthritis Knee pain None
34 71 F  osteoarthritis Knee pain None
35 67 F  osteoarthritis Knee pain None
36 87 F  osteoarthritis Knee pain None

Experimental Methods

[0209] Muscle biopsies: Muscle was obtained from three
groups of patients whose characteristics are detailed in the
above table. The statin-treated group included four subjects
with statin-induced myopathy and 4 with statin-induced rhab-
domyolysis, as commonly defined (Antons etal., Am. J. Med.
119:400-409, 2006). The non-statin myopathy group
included four statin-naive subjects with undefined myopathy.
Both of these groups underwent percutaneous muscle biop-
sies of the vastus lateralis muscle using a Bergstrom needle.
The control group included five statin-naive subjects who
volunteered muscle at the time of knee arthroplasty. Muscle
from subjects in all three groups was snap frozen in liquid
nitrogen for subsequent analysis. All subjects signed an IRB-
approved consent form.

All RNA samples were analyzed in triplicate, with the mean
value used in subsequent analyses.

Example 2

Lovastin Causes Atrogin-1 Induction in Cultured
Myocytes

[0211] The effect of statins on muscle cells was studied by
treating differentiated C2C12 mouse myocytes with various
concentrations of lovastatin. Compared with control myo-
tubes treated with an equal volume of vehicle, in the presence
of increasing concentrations of lovastin, myotubes became
progressively thinner and appeared to have more cytoplasmic
vacuolation, changes in cell contour, and frank disruption or
loss of myotubes (FIG. 6A). The reduction of myotube size
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was quantitated by measurement of myotube thickness. This
effect was clearly visible at low lovastatin concentrations, in
the range of those typically found in patients administered
with this medication (Pan et al., J. Clin. Pharmacol. 30:797-
801, 2002, and Hostein et al., Cancer Chemother. Pharmacol.
57:155-164, 2006). Morphological changes were visible in
the myotube cultures after 24 hours of treatment, with almost
complete loss of myotubes by 5 days (FIG. 6B). These detri-
mental effects were not unique to lovastatin, as similar results
were observed when cultures were treated with a second
statin, cerivastatin.

[0212] The effect of statins on expression of atrogin-1 in
cultured mouse myocytes was also determined. Using real
time PCR, atrogin-1 mRNA was found to be dramatically and
rapidly induced by lovastatin in a time- and concentration-
dependent manner (FIG. 7A). At the highest lovastatin con-
centration (10 uM), atrogin-1 mRNA was significantly
increased at 6 hours, and induced as much as 6-fold by 36
hours of treatment. The atrogin-1 protein levels in lovastatin-
treated mouse myocytes mirrored the observed increases in
atrogin-1 mRNA (FIG. 7B). At low lovastatin concentration
(1.0uM) for 48 hours, atrogin-1 induction was about 1.5-fold,
and at high concentration (10 pM), increased about 2.5-fold
compared to non-treated control cells (FIG. 7C). This amount
of atrogin-1 activation was similar to that found in myotubes
atrophying due to dexamethasone treatment.

[0213] Therate of protein breakdown was also measured in
the lovastatin-treated myotube cultures. As observed with
dexamethasone, a known inducer of atrogin-1, treatment of
myotube cultures with lovastatin led to a consistent 5-10%
increase in the rate of bulk muscle proteolysis compared with
control cultures (FIG. 7D).

Fxperimental Methods

[0214] Cell Culture: Mouse myoblast cell line C2C12 was
purchased from ATCC (ATCC, Manassas, Va.) and main-
tained in DMEM (Mediatech, Herndon, Va.) containing 10%
fetal bovine serum (Hyclone, Logan, Utah) and penicillin
(100U) and streptomycin (50 ug/ml; Invitrogen, Grand
Island, N.Y.). When C2C12 cells reach to 90% confluence,
medium was replaced with differentiation medium of DMEM
supplemented with 2% horse serum (ATCC, Manassas, Va.)
to induce myotube formation. Cells were used for experi-
ments in 4-5 days after differentiation. Lovastatin (>98%
purity) (mevinolin; Sigma, St. Louis, Mo.) was prepared as a
50 mM stock solution in DMSO as reagent vehicle, further
diluted in DMSO, and added into the medium. The final
volume DMSO in medium is not more than 0.125%, which
there is not obvious cytotoxicity. Equal volume of reagent
vehicle was used for all experiments and reagent vehicle only
serviced as controls. Each experiment was performed at least
three times.

[0215] Myotube Fiber Size: Size was quantified by mea-
suring a total of 200 tube diameters as described by Sandri et
al. (supra). Briefly, muscle fiber size from four random fields
at 100 magnification was measured using IMAGE software
(Scion, Frederick, Md.). All data were expressed in MeanzS.
E.M. Comparisons were made by using the Student’s T-test,
with p<0.05 being considered statistically significant.
[0216] Quantitative PCR: Performed as described above.
[0217] Western Blotting Cultured cells after treatment were
collected at specific times and solubilized in RIPA lysis buffer
(50 mM Tris-HCI, pH 7.4; 150 mM NaCl, 1% NP-40, 0.5%
sodium deoxycholate, 0.1% SDS (Boston Bioproducts, Bos-
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ton Mass.), protease (Roche) and phosphatase (Sigma)
inhibitor cocktail). Proteins were separated by SDS-PAGE,
transferred to PVDF membranes and visualized by Western
blotting using alkaline phosphatase-based CDP-star chemi-
luminescent detection according to manufacturer’s protocol
(Applied Biosystems, Bedford, Mass.).

[0218] Measurement of Proteolytic Rate: Differentiated
C2C12 myotubes were incubated with *H-tyrosine (5 uCi/mL
media) for 20 hours to label cell proteins, and switched to
medium containing 2 mM unlabeled tyrosine, vehicle, lovas-
tatin, or dexamethasone for another 20 hours. After media
replacement, an aliquot of medium was collected once per
hour for 4 hours. The collected media was treated with TCA
(10% w/v final concentration) to precipitate protein. Since the
high concentration of unlabeled tyrosine in the media pre-
vents re-incorporation of *H-tyrosine into new protein, the
radioactivity in the supernatant represent degraded protein
from the pool of prelabeled, intracellular, long-lived proteins.
Proteolytic rate was defined as the percentage of released
radioactivity per hour calculated from the period of 20 hours
to 24 hours of lovastatin or dexamethasone treatment, when
*H-tyrosine release is linear over time. These rates were com-
pared with proteolytic rates in parallel cultures treated with
vehicle alone. All measurements were done in triplicate and
then independently repeated at least twice.

Example 3

Effect of Lovastin on Atrogin-1 (-/-) Primary
Mouse Myocytes

[0219] To testwhether atrogin-1 expression is necessary for
lovastatin-mediated muscle damage, primary myotubes from
mice lacking atrogin-1 (Bodine et al., Science 294:1704-
1708, 2001) were used. Primary myotubes derived from the
atrogin-1 knockout mice were morphologically identical to
cells from atrogin-1 wildtype control littermates (FIG. §B).
The atrogin-1 (-/-) myotubes indeed contained no atrogin-1
protein, and the control wildtype primary myotubes activated
atrogin-1 expression after dexamethasone treatment or FoxO
adenoviral infection (Sandri et al., supra) in a similar manner
to the immortalized C2C12 myotubes (FIG. 8A). Lovastatin
treatment caused very similar morphological changes in the
atrogin-1-containing primary myotubes compared with
C2C12 cells. However, primary myotubes lacking atrogin-1
had less damage than control cells at similar lovastatin con-
centrations (FIG. 8B). Little change in myotube size was
noted was noted in the atrogin-1 (-/-) cells treated with 0.25
and 1.0 pM lovastatin, whereas in the control cultures, tube
diameter decreased by as much as 50% after two days of
exposure to the drug. The results clearly demonstrate that
atrogin-1 is an important factor in lovastatin-induced myo-
tube damage.

Experimental Methods

[0220] Inaddition to methods described above, the follow-
ing methods were used:

Cell Culture: Primary mouse myoblasts from atrogin-1 null
mice (Regeneron, Tarrytown N.Y.) were isolated as follows:
muscle was removed from the hind limbs of two-week old
mice. After treatment with 0.1% collagenase D and Dispase 11
(Roche, Indianapolis, Ind.), the isolated cells were plated on
collagen (Type I, Roche, Indianapolis, Ind.)-coated dishes.
Myoblasts were subsequently enriched and cultured in F-10
nutrient medium with 20% fetal calf serum and 2.5 ng/ml
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bFGF (Invitrogen, Grand Island, N.Y.). Myotubes were
induced in differentiation medium. All media contained 1x
Primocin (InvivoGen, San Diego, Calif.). The cultures were
maintained at 37° C., under 5% and 8% CO, humidified air
atmosphere for myoblasts and myotubes, respectively. Cul-
tures were ready to use in assays on day 2 in differentiation
medium when the myotubes had formed and were contract-
ing.

Example 4

Lovastin Promotes Damage of Muscle Fibers in
Zebrafish Embryos

[0221] An in vivo model to study effects of lovastatin
administration on muscle development was created.
Zebrafish embryos were used as an in vivo model as: 1) whole
body muscle fibers can be stained in zebrafish embryos at 48
hours post-fertilization (hpf) (Birely et al., Devel. Biol. 280:
162-176, 2005); 2) zebrafish are amenable to rapid genetic
manipulations, and 3) mouse and zebrafish atrogin-1 are 75%
identical and 86% similar at the amino acid level (FIG. 9).
[0222] Zebrafish embryos were treated with lovastatin
from 20 hpf'to 32 hpfat different concentrations (0-5 uM). As
in mammalian muscle cell culture, lovastatin led to clear
dose-dependent muscle phenotypes, demonstrated by longi-
tudinal muscle fiber staining with an antibody to myosin
heavy chain (FIG. 10A). Muscle damage at low lovastatin
concentration (0.025-0.05 uM) was evidenced by bowing,
gap formation, and fiber disruption (class 1 changes). At
higher lovastatin concentration (0.05-0.5 uM), fiber damage
was more severe. Fiber thining and attenuation of staining
with the MHC antibody was frequently observed (class 2
changes). At maximal lovastatin concentration (1.0-3.0 uM),
damage beyond the muscle was observed, with the develop-
ment of irregular somite boundries (class 3 changes). Using
this classification, we found that class 3 changes were
observed in over 60% of embryos subjected to 5 uM lovasta-
tin, however, more than 50% of embryos treated with con-
centrations ten-fold lower (i.e., 0.05 uM) still demonstrated
milder, class 1 defects (FIG. 10B).

[0223] To confirm that lovastatin’s effect on zebrafish
muscle was mediated via inhibition of HMG CoA reductase
rather than another off-target effect, the zebrafish HMG CoA
reductase gene (z-HMG CoA reductase) in zebrafish embryos
was knocked down using both missense and antisense mor-
pholino oligonucleotides targeting the ATG region of the gene
(ATG morpholino). Depletion of z-HMG CoA reductase
showed similar effects as lovastatin treatment in zebrafish
muscle fibers (FIGS. 11A and 11B).

[0224] To further document the role of Z-HMG CoA reduc-
tase in maintaining zebrafish muscle fiber morphology, active
7-HMG CoA reductase was also depleted by creating a splic-
ing morpholino oligonucleotide against the common splice
site of both splice variants of the HMG CoA reductase gene in
zebrafish (FIG. 12A). Use of this morpholino oligonucleotide
in zebrafish embryos resulted in an abnormal muscle fiber
structure similar to the Z-HMG CoA reductase knockdown
using the ATG morpholino and wildtype embryos treated
with lovastatin (F1G. 12B).

Experimental Methods

[0225] Zebrafish lines and maintenance: Adult zebrafish
(Danio rerio) were maintained as described under standard
laboratory conditions at 28.5° C. in a 14 h light/10 h dark
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cycle (Westerfield, “The zebrafish book: a guide for the labo-
ratory use of zebrafish Danio (Brachydanio) rerio,” Institute
of Neuroscience, University of Oregon, Eugene, Oreg,,
1993). Developmental stages were determined by embryo
morphology and hours post fertilization (hpf) (Kimmel et al.,
Dev. Dyn. 203:253-310, 1995). To examine the effects of
statin, the embryos at 20-24 hpf were immersed in the embry-
onic water (500 uM NaCl, 170 uM KCl, 330 pM CaCl2, and
330 uM MgS04) at a concentration 0f0.005-10 uM lovastatin
(Mevinolin; Sigma, St. Louis, Mo.) including 0.003% 1-phe-
nyl-2-thiourea (Sigma) to inhibit pigmentation in 24 well
plate. After 32 hpf, the embryos were fixed by 4% paraform-
aldehyde in PBS.

[0226] Antibody staining: Whole zebrafish staining:
Zebrafish embryos were fixed by 4% paraformaldehyde in
PBS overnight. After fixation, the embryos were washed by
PBS, stored for at least 1 h at =20° C. in methanol, and
permeabilized for 30 min at -20° C. in acetone. Embryos
were incubated with blocking buffer (1% BSA, 0.1% Tween-
20 in PBS), and incubated with diluted primary antibody,
anti-slow twitch myosin F59 (1: 200; Developmental Studies
Hybridoma Bank (DSHB), Department of Biological Sci-
ences, University of lowa, lTowa City, lowa 52242) (Crow and
Stockdale, Dev. Biol. 118:333-342, 1986; and Devoto et al.,
Development 122:3371-3380, 1996) in blocking solution for
overnight at 4° C. Staining was detected by using goat anti-
mouse TRITC secondary antibody (1:200; Southern Biotech-
nology Associates, Inc.) in blocking solution for 4 h at RT
(Birely et al., Dev. Biol. 280:162-176, 2005). Cross-sectional
staining: Embryos were fixed overnight in 4% paraformalde-
hyde (PFA) and cryoprotected by the overnight incubation
with increasing concentrations of sucrose (up to 30%).
Samples were embedded in OCT compound and then equili-
brated to -80° C. Sections (10 um thick) were collected on
SuperFrost/Plus slides and dried. Sections were rehydrated in
PBS and blocked for 1 h in blocking buffer (1% BSA, 0.1%
Tween in PBS). Sections were incubated overnight at 4° C.
with primary antibody diluted in blocking buffer. Sections
were stained with antibody as above.

[0227] Western blotting: Zebrafish embryos were homog-
enized in SDS sample buffer (30 enbryos/30 ul of sample
buffer) with microfuge pestle until the lysate became uniform
in consistency and there was no longer stringy inside. The
lysate was boiled for 5 minutes and centrifuged supernatant
was processed for Western blotting (Hanai et al., J. Cell Biol.
158:529-539, 2002).

Example 5

Atrogin-1 Knockdown Prevents Statin-Induced and
HMG-CoA Reductase Knockdown-Induced Muscle
Injury in Zebrafish Embryos

[0228] Since atrogin-1 is strongly induced in mammalian
muscle cultures following lovastatin administration (supra),
experiments were performed to determine if atrogin-1 was
induced in lovastatin-treated zebrafish embryos. As in mam-
malian cells, the zebrafish homologue of atrogin-1 was
clearly and dose-dependently elevated upon lovastatin treat-
ment in the fish at both the mRNA and protein level (FIGS.
13A and 13B, respectively). To determine if atrogin-1 is
required for the morphological effects of lovastatin on
zebrafish muscle, an antisense morpholino oligonucleotide
against the atrogin-1 gene was produced. Injection of this
morpholino oligonucleotide into zebrafish embryos effec-
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tively knocked down endogenous atrogin-1 gene expression
(FIG.13C). No significant gross or histological abnormalities
were observed in z-atrogin-1-depleted embryos (FIG. 13D).
Wildtype embryos and z-atrogin-1-depleted embryos were
then treated with lovastatin (0-1.0 uM). A significant rescue
of the muscle damage phenotype was observed in the z-atro-
gin-1-depleted embryos (compare FIGS. 13D, 13E, and 13F).
The muscle defects caused by the zHMG-CoA reductase
knockdown were also significantly reduced in the z-atrogin-1
knockdown (FIG. 13B).

[0229] For these experiments, the same methods as
described in Example 4 were used.

Example 6

FoxO3a Activity is Suppressed Following Lovastatin
Treatment

[0230] Suppression of IGF-1/PI3K/Akt signaling leading
to dephosphorylation, nuclear translocation and activation of
FoxO3 are key events in atrogin-1 induction. The effects of
statin administration on this signaling pathway were exam-
ined in muscle cell culture and in zebrafish.

[0231] Treatment of C2C12 myotubes with lovastatin led to
a dose-dependent reduction of phosphorylated signaling
intermediates including phosphor-Akt, phosphor-FoxO3,
and phosphor-p70S6K (FIG. 14A). The effect of lovastatin on
FoxO-dependent activation of the atrogin-1 promoter in
zebrafish embryos was also examined. Embryos were
injected with a proximal fragment of the atrogin-1 promoter
linked to luciferase or the same fragment with the FoxO site
mutated (Sandri et al., Cell 117:399-412, 2004). Lovastatin
(0.5 uM) stimulated the reporter luciferase activity more than
7-fold, while stimulating the FoxO-less reporter only 3-fold
(FIG. 14B). The studies suggest that statin-induced atrogin-1
transcription is mediated by FoxO dephosphorylation and
activation. Since lovastatin treatment still lead to a small
amount of luciferase activity even in the absence of FoxO
binding sites in the atrogin-1 promoter-reporter, additional
signaling pathways may also be important in mediating the
effects of statins on atrogin-1 expression in muscle.

Example 7
PGC-1a is an Inhibitor of Atrogin-1

[0232] We have discovered that atrogin-1 is strongly acti-
vated following lovastatin treatment. Since PGC-1a expres-
sion prevents atrogin-1 induction (Sandri et al., Cell 117:399-
412, 2006), the effect of PGC-1a. expression on statin-
induced muscle injury in zebrafish was examined. Injection
of cDNA bearing PGC-1a into zebrafish embryos led to
robust protein expression (FIG. 15A) and dramatically pre-
vented muscle damage by lovastatin (FIG. 15B, FIG. 16A,
and FIG. 16B). Expression of PGC-1c in zebrafish embryos
completely inhibited the lovastatin-induced expression of
zebrafish atrogin-1 protein (FIG. 16C) and protected against
fiber size reduction (FIG. 16D). Expression of PGC-1o. in
cultured muscle cells using adenoviral vectors also protected
from lovastatin toxicity (FIG. 16E). In the presence of PGC-
1o overexpression, 5 uM lovastatin caused almost no change
in myotube integrity or size. Likewise, PGC-1a overexpres-
sion completely suppressed atrogin-1 induction in these cul-
tures and increased the expression of other mitochondrial
proteins (FIG. 16F).
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[0233] To further monitor mitochondrial function during
lovastatin treatments, cells from untreated embryos and
embryos exposed to lovastatin (0.5 or 1.0 uM) were stained
with a fluorescent dye taken up by functional mitochondria
(MitoTracker) (Poot et al., J. Histochem. Cytochem. 44:1363-
1372, 1996). The fluorescence intensity of zebrafish cells
following treatment with lovastatin was shifted to the left
signifying a decrease in mitochondrial function or content in
these cells (FIG. 16G and FIG. 161). Interestingly, cells over-
expressing PGC-1a following treatment with lovastatin,
were significantly more fluorescent and were less effected by
lovastatin treatment (FIG. 16H and FIG. 161).

[0234] Taken together, these experiments show that PGC-
1o expression protects against muscle damage and that PGC-
1o acts as an inhibitor of atrogin-1 expression.

Experimental Methods

[0235] For these experiments, the same methods as
described in Example 4 were used. In addition, methods for
mitochondria staining were used and are detailed below.
[0236] Mitochondrial staining and FACS analysis:
Embryos were treated with lovastatin (0, 0.5, 1.0 uM at 20-32
hpf) or treated with the combination of lovastatin (0.5 pM)
following PGC-1a (or vehicle) cDNA injection (100 pg/em-
bryo at the one-cell stage). 1-Phenyl-2-thiourea (0.003%;
Sigma) was added at 20 hpf. After phenotypes were observed,
100 embryos from each condition were decholionated by
protease and homogenized for 3-5 minutes in 0.9% phosphate
buffered saline (PBS)/10% fetal bovine serum (FBS), then
centrifuged at 3000 rpm for 5 minutes, digested with trypsin/
EDTA and dispersed at room temperature. After adding 1 mL
of 0.9xPBS/10% FBS, the dispersed cells were filtered (100
uM pore size) and washed twice with 0.9xPBS/10% FBS.
The cells were incubated in 100 nM MitoTracker Red
CMXRos (Invitrogen) in 0.9xPBS/10% FBS for 15 minutes
in the dark. The cells were washed twice in 0.9xPBS/10%
FBS and subjected to fluorescence cell-assisting sorting
(FACS) analysis. EPICS XL (Beckman Coulter) was used for
the fluorescence detection (absorption wavelength: 578 nm;
emission wavelength: 599 nm) and data was analyzed with
Expo32ADC software. Ten thousand cells were counted for
each treatment condition.

Example 8
Generation of Anti-Atrogin-1 Polyclonal Antibody

[0237] To produce a recombinant atrogin-1 peptide, pGC2-
atrogin-1 was cut with EcoRI and Stul to liberate 650 by of
atrogin-1. This fragment was inserted into pET28b
(Novagen) previously digested with Notl and blunt-ended
with Klenow fragment followed by digestion with EcoRI.
The resulting plasmid contained a 110-amino acid NH,-ter-
minal fragment of the atrogin-1 gene behind a His ; tag and an
isopropylthiogalactoside (IPTG)-inducible promoter. This
fragment was purified from E. coli BL21 (DE3) under dena-
turing conditions using a Ni-NTA Agarose affinity column
(Qiagen) according to the manufacturer’s instructions. The
purified protein was dialyzed in phosphate buffered saline
(PBS) and subsequently used to generate a rabbit polyclonal
IgG antibody (anti-atrogin-1 IgG). Anti-atrogin-1 IgG was
affinity purified from the IgG according to the procedures of
Harlow and Lane (Antibodies: A Laboratory Manual, New
York, Cold Spring Laboratory, 1988), using an Affigel-10
matrix (Bio-Rad Laboratories) onto which the purified atro-
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gin-1 fragment was bound. The prepared anti-atrogin-1 IgG
has the ability to recognize both denatured atrogin-1 (e.g.,
denatured by sodium dodecyl sulfate) and native atrogin-1
(e.g., in immunoprecipitate complexes; FIG. 17).

Experimental Methods

[0238] Methods of antibody production from a purified
protein are known in the art (e.g., the methods described in
Kohler and Milstein, Nature, 256: 495-497,1975; Kohler and
Milstein, Eur. J. Immunol., 6,511-519, 1976; and Campbell,
“Monoclonal Antibody Technology, The Production and
Characterization of Rodent and Human Hybridomas” in But-
don et al., Eds., Laboratory Techniques in Biochemistry and
Molecular Biology, Volume 13, Elsevier Science Publishers,
Amsterdam, 1985).

Example 9

Atrogin-1 Changes Intracellular Localization During
Atrophy

[0239] In studies to investigate the cellular localization of
atrogin-1, it was discovered that an adenoviral vector express-
ing atrogin-1 led to nuclear localization in undifferentiated
myocytes, but the same vector led to a cytoplasmic atrogin-1
distribution in differentiated myotubes (FIG. 18). Using the
technique of electroporation of plasmid DNA into living
mouse muscles (Sandri et al., supra), myce-atrogin-1 was
introduced into mouse tibialis anterior muscle. In control,
non-atrophying muscle, atrogin-1 was distributed in both
cytoplasmic and nuclear locations, however, when muscles
containing the atrogin-1 construct were starved, a condition
which promotes muscle atrophy, atrogin-1 shifted to a pre-
dominantly nuclear location (FIG. 19).

[0240] To further investigate the importance of nuclear
localization to the ability of atrogin-1 to mediate muscle
atrophy, mutations of the putative nuclear localization
sequences (1.e., amino acids 62-66 and amino acids 267-288)
were made in a myc-tagged form of the atrogin-1 gene. Three
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constructs were made to mutate the N-terminal, C-terminal,
and both the N- and C-terminal putative atrogin-1 nuclear
localization sequences (FIG. 20A). Plasmids bearing these
constructs were transfected into 2937 cells and expression of
atrogin-1 was measured by anti-myc immunofluorescence.
Both the single region deletions retained some of their nuclear
localization (10-20% of wildtype), while the double mutation
was rendered completely cytoplasmic (FIG. 20B). The
experiments indicate the nuclear localization may be required
for the role of atrogin-1 in muscle atrophy. Therefore, mol-
ecules which block the nuclear translocation of atrogin-1 may
be effective inhibitors of atrogin-1 activity in the cell.

Experimental Methods

[0241] Methods of immunofluorescence microscopy and
transfection are known to those skilled in the art.

Other Embodiments

[0242] All publications, patents, and patent applications
cited in this specification are herein incorporated by reference
as if each individual publication or patent were specifically
and individually indicated to be incorporated by reference.
Although the foregoing invention has been described in some
detail by way of illustration and example for purposes of
clarity ofunderstanding, it will be readily apparent to those of
ordinary skill in the art in light of the teachings of this inven-
tion that certain changes and modifications may be made
thereto without departing from the spirit or scope of the
appended claims.

[0243] While the invention has been described in connec-
tion with specific embodiments, it will be understood that it is
capable of further modifications. Therefore, this application
is intended to cover any variations, uses, or adaptations of the
invention that follow, in general, the principles of the inven-
tion, including departures from the present disclosure that
come within known or customary practice within the art.
Other embodiments are within the claims.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 14

<210> SEQ ID NO 1

<211> LENGTH: 210

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 1

Met Asn Ile Leu Glu Lys Val Val Leu Lys Val Leu Glu

1 5 10

Asn Ile Arg Leu Ile Arg Glu Leu Leu Gln Thr Leu Tyr

20 25

Cys Thr Leu Val Gln Arg Val Gly Lys Ser Val Leu Val

35 40 45

Asn Met Trp Val Tyr Arg Met Glu Thr Ile Leu His Trp

50 55 60

Leu Asn Asn Ile Gln Ile Thr Arg Pro Ala Phe Lys Gly

65 70 75

Asp Gln Gln

15

Thr Ser Leu
30

Gly Asn Ile

Gln Gln Gln

Leu Thr Phe

80
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-continued

Thr Asp Leu Pro Leu Cys Leu Gln Leu Asn Ile Met Gln Arg Leu Ser
85 90 85

Asp Gly Arg Asp Leu Val Ser Leu Gly Gln Ala Ala Pro Asp Leu His
100 105 110

Val Leu Ser Glu Asp Arg Leu Leu Trp Lys Lys Leu Cys Gln Tyr His
115 120 125

Phe Ser Glu Arg Gln Ile Arg Lys Arg Leu Ile Leu Ser Asp Lys Gly
130 135 140

Gln Leu Asp Trp Lys Lys Met Tyr Phe Lys Leu Val Arg Cys Tyr Pro
145 150 155 160

Arg Lys Glu Gln Tyr Gly Asp Thr Leu Gln Leu Arg Lys His Cys His
165 170 175

Ile Leu Ser Trp Lys Gly Thr Asp His Pro Cys Thr Ala Asn Asn Pro
180 185 190

Glu Ser Cys Ser Val Ser Leu Ser Pro Gln Asp Phe Ile Asn Leu Phe
195 200 205

Lys Phe
210

<210> SEQ ID NO 2

<211> LENGTH: 1212

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

gggtacagga aagaagecag tgecccaggt cacctaagac aggcatcaag cteattegge 60

aaaatccagt tgggttgtte taactggete attettactt gggtgaccte tgeatggeag 120

gagtaactte tgtgectttyg tttteatgtt cagegecatyg gatattgcac cetgggggaa 180

getttcaaca gactggactt ctcaactgec attetggatt ccagaagatt taactacgtg 240
gteeggetgt tggagetgat ageaaagtea cagetcacat coetgagtygg categeccaa 300
aagaacttca tgaatatttt ggaaaaagtg gtactgaaag tecttgaaga ccagcaaaac 360
attagactaa taagggaact actccagacc ctctacacat cettatgtac actggtecaa 420

agagtcggea agtctgtget ggtegggaac attaacatgt gggtgtateg gatggagacg 480
attctccact ggcagcagea getgaacaac attcagatea cecaggectge cttcaaagge 540
cteaccttea ctgacctgee tttgtgecta caactgaaca tcatgcagag getgagegac 600

gggegggace tggtcageet gggccagget geccecgace tgecacgtget cagegaagac 660

cggetgetgt ggaagaaact ctgccagtac cactteteeg ageggcagat cegcaaacga 720
ttaattetgt cagacaaagyg gcagetggat tggaagaaga tgtatttecaa actegtecga 780
tgttacccaa ggaaagageca gtatggagat acccttecage tecegeaaaca ctgtecacate 840
ctttectgga agggeactga ccatcegtge actgecaata acccagagag ctgcteegtt 900
tecactttecac cccaggactt tatcaacttyg tteaagttet gaateccage acatgacaac 960

acttcagaag ggtcecectyg ctgactggag agctgggaat atggecatttg gacacttceat 1020
ttgtaaatag tgtacatttt aaacattggc tcgaaacttc agagataagt catggagagg 1080
acattggagg ggagaaatgc agttgctgac tgggaattta agaatgtgaa cttctcacta 1140
gaattggtat ggaaaagcaa aatactgtaa ataaactttt tttctaacaa tttgccaaaa 1200

aaaaaaaaaa aa 1212
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-continued

<210> SEQ ID NO 3

<211> LENGTH: 355

<212> TYPE: PRT

<213> ORGANISM: Mus musculus

<400> SEQUENCE: 3

Met Pro Phe Leu Gly Gln Asp Trp Arg Ser Pro Gly Gln Ser Trp Val
1 5 10 15

Lys Thr Ala Asp Gly Trp Lys Arg Phe Leu Asp Glu Lys Ser Gly Ser
20 25 30

Phe Val Ser Asp Leu Ser Ser Tyr Cys Asn Lys Glu Val Tyr Ser Lys
35 40 45

Glu Asn Leu Phe Ser Ser Leu Asn Tyr Asp Val Ala Ala Lys Lys Arg
50 55 60

Lys Lys Asp Ile Gln Asn Ser Lys Thr Lys Thr Gln Tyr Phe His Gln
65 70 75 80

Glu Lys Trp Ile Tyr Val His Lys Gly Ser Thr Lys Glu Arg His CGly
85 90 95

Tyr Cys Thr Leu Gly Glu Ala Phe Asn Arg Leu Asp Phe Ser Thr 2Ala
100 105 110

Ile Leu Asp Ser Arg Arg Phe Asn Tyr Val Val Arg Leu Leu Glu Leu
115 120 125

Ile Ala Lys Ser Gln Leu Thr Ser Leu Ser Gly Ile Ala Gln Lys Ash
130 135 140

Phe Met Asn Ile Leu Glu Lys Val Val Leu Lys Val Leu Glu 2Asp Gln
145 150 155 160

Gln Asn Ile Arg Leu Ile Arg Glu Leu Leu Gln Thr Leu Tyr Thr Ser
165 170 175

Leu Cys Thr Leu Val Gln Arg Val Gly Lys Ser Val Leu Val Gly Asn
180 185 190

Ile Asn Met Trp Val Tyr Arg Met Glu Thr Ile Leu His Trp Gln Gln
195 200 205

Gln Leu Asn Ser Ile Gln Ile Ser Arg Pro Ala Phe Lys Gly Leu Thr
210 215 220

Ile Thr Asp Leu Pro Val Cys Leu Gln Leu Asnh Ile Met Gln Arg Leu
225 230 235 240

Ser Asp Gly Arg Asp Leu Val Ser Leu Gly Gln Ala Ala Pro 2Asp Leu
245 250 255

Hig Val Leu Ser Glu Asp Arg Leu Leu Trp Lys Arg Leu Cys Gln Tyr
260 265 270

Hig Phe Ser Glu Arg Gln Ile Arg Lys Arg Leu Ile Leu Ser Asp Lys
275 280 285

Gly Gln Leu Asp Trp Lys Lys Met Tyr Phe Lys Leu Val Arg Cys Tyr
290 295 300

Pro Arg Arg Glu Gln Tyr Gly Val Thr Leu Gln Leu Cys Lys His Cys
305 310 315 320

Hig Ile Leu Ser Trp Lys Gly Thr Asp His Pro Cys Thr Ala Asn Asn
325 330 335

Pro Glu Ser Cys Ser Val Ser Leu Ser Pro Gln Asp Phe Ile Asn Leu
340 345 350

Phe Lys Phe
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-continued

355
<210> SEQ ID NO 4
<211> LENGTH: 1967
<212> TYPE: DNA
<213> ORGANISM: Mus musculus
<400> SEQUENCE: 4
gcgaccttee ccaacgectg cgceccectgtg agtgcaagga tceeccgegece cacccaggat 60
ccgcageect ccacactagt tgacccacte ttgtcceggt cgcegectge gtegttecce 120
agcatcttce caacgcgecg cataccctgg gcaagccagg ccggttectg getgtceaatce 180
cgtceecgtee gteggtegeg tecgegetet gtaccatgee gttecttggg caggactggce 240
ggtcccoceggy ccagagetgg gtgaagacgg cggacggctyg gaagegettce ttggatgaga 300
aaagcggcag cttegtgage gacctcagca gttactgcaa caaggaggta tacagtaagg 360
agaatctgtt cagcagectg aactacgacg tcgcagccaa gaagagaaag aaagacattce 420
agaacagcaa aaccaaaact cagtacttcc atcaagaaaa gtggatctat gttcacaaag 480
gaagtacgaa ggagegecat ggatactgta ctttggggga agetttcaac agactggact 540
tectcgactge catcctggat tccagaagat tcaactacgt agtaaggcetg ttggagetga 600
tagcaaagte acagetceaca tcectgagtg geatcegecca aaagaactte atgaacattt 660
tggaaaaagt ggtactgaaa gttcttgaag accagcaaaa cataagactt atacgggaac 720
ttetecagace tetetacaca teettatgea cactggtgea gagagtegge aagtetgtge 780
tggtgggcaa cattaacatyg tgggtgtate ggatggagac cattectacac tggcagcage 840
agetgaatag catccagate ageaggeetg cettcaaagyg cctecacgate accgacctge 900
ctgtgtgett acaactgaac atcatgecaga ggetgagtga cgggegggac ctggteagee 960
tgggccagge agecccagac ctgcatgtge teagtgagga ccggetactyg tggaagagac 1020
tetgecagta ccacttceteca gagaggcaga ttegcaageg tttgatettg tcectgacaaag 1080
ggcagcetgga ttggaagaag atgtatttta agettgtacyg atgttaccca agaagagagce 1140
agtatggggt caccctgcag ctttgcaaac actgccacat tctetectgg aagggecactg 1200
accatcegtyg cacggecaac aacccagaga getgetecegt ctceactttece ccteaagact 1260
ttatcaattt gttcaagttc tgaataatcc cagcacacga caacacttca gaaggettcet 1320
aattggatgg ctgggagteg ggacacttceca tttgtaaata gtgtacattt taagcattgg 1380
cttgaaactyg cgggggatac gtcattgagg agacgttgge ggggaagaga tgcagttgece 1440
gatggaaatt tacaaatgtg aattccacat gagaactggt acagaaaagc agaaatactg 1500
taaatagact ttttattttc cctaacgatt tgcaagcaag actataaagg caagaactct 1560
atgtcagcca tggaaacgga gtcctcettga gttecctagg aagaaaaagg caaaaagcete 1620
aaaaacaaga tggaacactc tgtttacaat gtgaaaatgt tgttaagaca aaaataagga 1680
agaaggaaga tgaacgctgt cattgagaaa cccttggget ttgggtttgg atteggggtt 1740
tgttttcage aggccaagaa gtatatccac ctgaaatctyg cacgggetta agtcecttatce 1800
ctatgaagat gccacacaat ggtctaccte taaaagcata gegtgttcete tggcaacata 1860
ctttatctgg gaggcaatgt ctgtgtttca tgtaagttct atactctgtg aagtgatcta 1920
agatgggaag gctgttagga aaaaaaaaaa taaaaaaaaa aaaaaaa 1967
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<210> SEQ ID NO 5

<211> LENGTH: 24

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 5

ctttcaacag actggacttc tcga

<210> SEQ ID NO 6

<211> LENGTH: 23

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 6

cagctccaac agccttacta cgt

<210> SEQ ID NO 7

<211> LENGTH: 28

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 7

tgccatecty gattecagaa gattcaac

<210> SEQ ID NO 8

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 8

ttgtccaaga aacggeatty tcaag

<210> SEQ ID NO 9

<211> LENGTH: 25

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Synthetic Construct

<400> SEQUENCE: 9
aaagccacca tcatgtacct gtetg
<210> SEQ ID NO 10

<211> LENGTH: 356

<212> TYPE: PRT

<213> ORGANISM: Danio rerio

<400> SEQUENCE: 10

24

23

28

25

25

Met Pro Phe Leu Gly Gln Asp Trp Arg Ser Pro Gly Gln Ser Trp Val

1 5 10

15

Lys Thr Glu Asp Gly Trp Lys Lys Thr Thr Lys Asp Asp Asn Glu Thr

20 25

30

Agn Asn Asn Val Leu Glu Arg Lys Ser Tyr Cys Lys Glu Glu His Asp

35 40

45
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Lys Glu Asn Leu Ile Leu Ser Ile Asn Tyr Asp Val Ala Ala Lys Lys
50 55 60

Arg Lys Lys Asp Leu Pro Asn Asn Asn Thr Lys Ile Pro Tyr Phe Tyr
65 70 75 80

Lys Asp Lys Trp Ile Tyr Val His Lys Gly Ser Thr Lys Glu Arg His
85 90 85

Gly Tyr Cys Thr Leu Gly Glu Ala Phe Asn Arg Leu Asp Phe Cys Ser
100 105 110

Ala Ile Lys Asp Thr Arg Arg Phe Asn Tyr Val Val Arg Leu Leu Glu
115 120 125

Leu Ile Ala Lys Ser Gln Leu Pro Ser Leu Ser Gly Val Ala Gln Lys
130 135 140

Asn Tyr Met Asn Ile Leu Glu Arg Val Val Gln Lys Val Leu Asp Asp
145 150 155 160

Gln Gln Asn Val Arg Pro Ile Lys Glu Leu Leu Gln Thr Leu Tyr Ala
165 170 175

Ser Leu Cys Ser Leu Val Gln Asp Met Gly Lys Ser Val Leu Val Gly
180 185 190

Asn Ile Asn Ile Trp Val His Arg Met Glu Asn Ile Leu Gln Trp Gln
195 200 205

Gln Gln Leu Asp Asn Ile Gln Ile Asn Arg Pro Lys Asn Thr Gly Met
210 215 220

Thr Leu Leu Glu Leu Pro Val Ser Leu Gln Leu Asn Ile Met Gln Arg
225 230 235 240

Leu Ser Asp Gly Arg Asp Leu Val Ser Leu Gly Gln Val Cys Pro Asp
245 250 255

Leu Ser Met Leu Thr Glu Asp Arg Leu Leu Trp Lys Lys Leu Cys Gln
260 265 270

Tyr His Phe Thr Asp Arg Gln Ile Ary Lys Arg Leu Met Val Ser Asp
275 280 285

Lys Gly Gln Leu Glu Trp Lys Lys Met Tyr Phe Lys Leu Cys Arg Cys
290 295 300

Tyr Pro His Lys Glu Gln Tyr Ser Asp Thr Leu Gln Phe Cys Thr His
305 310 315 320

Cys His Ile Leu Phe Trp Lys Asp Thr Asp His Pro Cys Thr Ala Asn
325 330 335

Asn Pro Glu Ser Cys Cys Lys Ala Val Ser Pro Gln Gly Phe Ile Asn
340 345 350

Leu Phe Lys Phe
355

<210> SEQ ID NO 11

<211> LENGTH: 798

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 11

Met Ala Trp Asp Met Cys Asn Gln Asp Ser Glu Ser Val Trp Ser Asp
1 5 10 15

Ile Glu Cys Ala Ala Leu Val Gly Glu Asp Gln Pro Leu Cys Pro Asp
20 25 30

Leu Pro Glu Leu Asp Leu Ser Glu Leu Asp Val Asn Asp Leu Asp Thr



US 2010/0310574 A1 Dec. 9, 2010
30

-continued

35 40 45

Asp Ser Phe Leu Gly Gly Leu Lys Trp Cys Ser Asp Gln Ser Glu Ile
50 55 60

Ile Ser Asn Gln Tyr Asn Asn Glu Pro Ser Asn Ile Phe Glu Lys Ile
65 70 75 80

Asp Glu Glu Asn Glu Ala Asn Leu Leu Ala Val Leu Thr Glu Thr Leu
85 90 85

Asp Ser Leu Pro Val Asp Glu Asp Gly Leu Pro Ser Phe Asp Ala Leu
100 105 110

Thr Asp Gly Asp Val Thr Thr Asp Asn Glu Ala Ser Pro Ser Ser Met
115 120 125

Pro Asp Gly Thr Pro Pro Pro Gln Glu Ala Glu Glu Pro Ser Leu Leu
130 135 140

Lys Lys Leu Leu Leu Ala Pro Ala Asn Thr Gln Leu Ser Tyr 2Zsn Glu
145 150 155 160

Cys Ser Gly Leu Ser Thr Gln Asn His Ala Asn His Asn His Arg Ile
165 170 175

Arg Thr Asn Pro Ala Ile Val Lys Thr Glu Ash Ser Trp Ser Ash Lys
180 185 190

Ala Lys Ser Ile Cys Gln Gln Gln Lys Pro Gln Arg Arg Pro Cys Ser
195 200 205

Glu Leu Leu Lys Tyr Leu Thr Thr Asn Asp Asp Pro Pro His Thr Lys
210 215 220

Pro Thr Glu Asn Arg Asn Ser Ser Arg Asp Lys Cys Thr Ser Lys Lys
225 230 235 240

Lys Ser His Thr Gln Ser Gln Ser Gln His Leu Gln Ala Lys Pro Thr
245 250 255

Thr Leu Ser Leu Pro Leu Thr Pro Glu Ser Pro Asn Asp Pro Lys Gly
260 265 270

Ser Pro Phe Glu Asn Lys Thr Ile Glu Arg Thr Leu Ser Val Glu Leu
275 280 285

Ser Gly Thr Ala Gly Leu Thr Pro Pro Thr Thr Pro Pro His Lys Ala
290 295 300

Asn Gln Asp Asn Pro Phe Arg Ala Ser Pro Lys Leu Lys Ser Ser Cys
305 310 315 320

Lys Thr Val Val Pro Pro Pro Ser Lys Lys Pro Arg Tyr Ser Glu Ser
325 330 335

Ser Gly Thr Gln Gly Asn Asn Ser Thr Lys Lys Gly Pro Glu Gln Ser
340 345 350

Glu Leu Tyr Ala Gln Leu Ser Lys Ser Ser Val Leu Thr Gly Gly His
355 360 365

Glu Glu Arg Lys Thr Lys Arg Pro Ser Leu Arg Leu Phe Gly Asp His
370 375 380

Agsp Tyr Cys Gln Ser Ile Asn Ser Lys Thr Glu Ile Leu Ile Asn Ile
385 390 395 400

Ser Gln Glu Leu Gln Asp Ser Arg Gln Leu Glu Asn Lys Asp Val Ser
405 410 415

Ser Asp Trp Gln Gly Gln Ile Cys Ser Ser Thr Asp Ser Asp Gln Cys
420 425 430

Tyr Leu Arg Glu Thr Leu Glu Ala Ser Lys Gln Val Ser Pro Cys Ser
435 440 445
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Thr Arg Lys Gln Leu Gln Asp Gln Glu Ile Arg Ala Glu Leu 2sn Lys
450 455 460

His Phe Gly His Pro Ser Gln Ala Val Phe Asp Asp Glu Ala Asp Lys
465 470 475 480

Thr Gly Glu Leu Arg Asp Ser Asp Phe Ser Asn Glu Gln Phe Ser Lys
485 490 495

Leu Pro Met Phe Ile Asn Ser Gly Leu Ala Met Asp Gly Leu Phe 2Asp
500 505 510

Asp Ser Glu Asp Glu Ser Asp Lys Leu Ser Tyr Pro Trp Asp Gly Thr
515 520 525

Gln Ser Tyr Ser Leu Phe Asn Val Ser Pro Ser Cys Ser Ser Phe Asn
530 535 540

Ser Pro Cys Arg Asp Ser Val Ser Pro Pro Lys Ser Leu Phe Ser Gln
545 550 555 560

Arg Pro Gln Arg Met Arg Ser Arg Ser Arg Ser Phe Ser Arg His Arg
565 570 575

Ser Cys Ser Arg Ser Pro Tyr Ser Arg Ser Arg Ser Arg Ser Pro Gly
580 585 590

Ser Arg Ser Ser Ser Arg Ser Cys Tyr Tyr Tyr Glu Ser Ser His Tyr
595 600 605

Arg His Arg Thr His Arg Asn Ser Pro Leu Tyr Val Arg Ser Arg Ser
610 615 620

Arg Ser Pro Tyr Ser Arg Arg Pro Arg Tyr Asp Ser Tyr Glu Glu Tyr
625 630 635 640

Gln His Glu Arg Leu Lys Arg Glu Glu Tyr Arg Arg Glu Tyr Glu Lys
645 650 655

Arg Glu Ser Glu Arg Ala Lys Gln Arg Glu Arg Gln Arg Gln Lys Ala
660 665 670

Ile Glu Glu Arg Arg Val Ile Tyr Val Gly Lys Ile Arg Pro Asp Thr
675 680 685

Thr Arg Thr Glu Leu Arg Asp Arg Phe Glu Val Phe Gly Glu Ile Glu
690 695 700

Glu Cys Thr Val Asn Leu Arg Asp Asp Gly Asp Ser Tyr Gly Phe Ile
705 710 715 720

Thr Tyr Arg Tyr Thr Cys Asp Ala Phe Ala Ala Leu Glu Asn Gly Tyr
725 730 735

Thr Leu Arg Arg Ser Asn Glu Thr Asp Phe Glu Leu Tyr Phe Cys Gly
740 745 750

Arg Lys Gln Phe Phe Lys Ser Asn Tyr Ala Asp Leu Asp Ser Asn Ser
755 760 765

Asp Asp Phe Asp Pro Ala Ser Thr Lys Ser Lys Tyr Asp Ser Leu Asp
770 775 780

Phe Asp Ser Leu Leu Lys Glu Ala Gln Arg Ser Leu Arg Arg
785 790 795

«<210> SEQ ID NO 12

<211> LENGTH: 6318

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 12

tagtaagaca ggtgecttca gttcactcte agtaagggge tggttgectyg catgagtgty 60
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tgctetgtgt cactgtggat tggagttgaa aaagcttgac tggcgtcatt caggagetgg 120
atggcgtggg acatgtgcaa ccaggactct gagtctgtat ggagtgacat cgagtgtget 180
gctetggttyg gtgaagacca gectetttge ccagatctte ctgaacttga tcetttetgaa 240
ctagatgtga acgacttgga tacagacagc tttctgggtg gactcaagtg gtgcagtgac 300
caatcagaaa taatatccaa tcagtacaac aatgagcctt caaacatatt tgagaagata 360
gatgaagaga atgaggcaaa cttgctagca gtcctcacag agacactaga cagtctcect 420

gtggatgaag acggattgcc ctcatttgat gcgctgacag atggagacgt gaccactgac 480

aatgaggcta gtccttecte catgectgac ggcaccecte caccccagga ggcagaagag 540
cecgtetetac ttaagaaget cttactggca ccagccaaca ctcagctaag ttataatgaa 600
tgcagtggte tcagtaccca gaaccatgca aatcacaatc acaggatcag aacaaaccct 660
gcaattgtta agactgagaa ttcatggagc aataaagcga agagtatttg tcaacagcaa 720
aagccacaaa gacgtcectg cteggagett ctcaaatatce tgaccacaaa cgatgaccct 780
cctcacacca aacccacaga gaacagaaac agcagcagag acaaatgcac ctccaaaaag 840
aagtcccaca cacagtecgca gtcacaacac ttacaagcca aaccaacaac tttatctett 900
cetetgacee cagagteace aaatgaccece aagggtteoee catttgagaa caagactatt 960

gaacgcacct taagtgtgga actctctgga actgcaggcc taactccacc caccactcect 1020
cctecataaag ccaaccaaga taaccctttt agggettete caaagetgaa gtectettge 1080
aagactgtgyg tgccaccace atcaaagaag cccaggtaca gtgagtette tggtacacaa 1140
ggcaataact ccaccaagaa agggeeggag caatccgagt tgtatgecaca actcagecaag 1200
tectecagtee teactggtgyg acacgaggaa aggaagacca ageggececag tetgeggetyg 1260
tttggtgacc atgactattg ccagtcaatt aattccaaaa cagaaatact cattaatata 1320
tcacaggage tccaagacte tagacaacta gaaaataaag atgtcetecte tgattggeag 1380
gggcagattt gttcttecac agattcagac cagtgctace tgagagagac tttggaggea 1440
agcaagcagg tctetecettg cagcacaaga aaacagctece aagaccagga aatccgagece 1500
gagctgaaca agcacttegg tcatcccagt caagetgttt ttgacgacga agcagacaag 1560
accggtgaac tgagggacag tgatttcagt aatgaacaat tctccaaact acctatgttt 1620
ataaattcag gactagccat ggatggecetg tttgatgaca gcgaagatga aagtgataaa 1680
ctgagctace cttgggatgg cacgcaatcec tattcattgt tcaatgtgte tecttettgt 1740
tecttetttta actcteccatyg tagagattcet gtgtcaccac ccaaatectt attttetcaa 1800
agaccccaaa ggatgegete tcegttcaagg tecttttete gacacaggte gtgtteccga 1860
tcaccatatt ccaggtcaag atcaaggtct ccaggcagta gatcctette aagatectge 1920
tattactatg agtcaagcca ctacagacac cgcacgcacc gaaattctee cttgtatgtyg 1980
agatcacgtt caagatcgec ctacagcegt cggeccaggt atgacagcta cgaggaatat 2040
cagcacgaga ggctgaagag ggaagaatat cgcagagagt atgagaageg agagtctgag 2100
agggccaage aaagggagag gcagaggcag aaggcaattg aagagcegecg tgtgatttat 2160
gtcggtaaaa tcagacctga cacaacacgg acagaactga gggaccgttt tgaagttttt 2220
ggtgaaatty aggagtgcac agtaaatctg cgggatgatyg gagacagcta tggtttecatt 2280

acctaccgtt atacctgtga tgettttget getcecttgaaa atggatacac tttgegecagg 2340



US 2010/0310574 A1 Dec. 9, 2010
33

-continued

tcaaacgaaa ctgactttga gctgtacttt tgtggacgca agcaattttt caagtctaac 2400
tatgcagacc tagattcaaa ctcagatgac tttgaccctg cttccaccaa gagcaagtat 2460
gactctctgg attttgatag tttactgaaa gaagctcaga gaagcttgecg caggtaacat 2520
gttccctage tgaggatgac agagggatgg cgaatacctc atgggacagc gcgtecttcece 2580
ctaaagacta ttgcaagtca tacttaggaa tttctcctac tttacactct ctgtacaaaa 2640
acaaaacaaa acaacaacaa tacaacaaga acaacaacaa caataacaac aatggtttac 2700
atgaacacag ctgctgaaga ggcaagagac agaatgatat ccagtaagca catgtttatt 2760
catgggtgtc agectttgett ttcctggagt ctcttggtga tggagtgtge gtgtgtgcat 2820
gtatgtgtgt gtgtatgtat gtgtgtggtg tgtgtgcttg gtttagggga agtatgtgtg 2880
ggtacatgtg aggactgggg gcacctgacc agaatgcgca agggcaaacc atttcaaatg 2940
gcagcagttc catgaagaca cgcttaaaac ctagaacttc aaaatgttcg tattctattce 3000
aaaaggaaat atatatatat atatatatat atatatatat atatataaat taaaaaggaa 3060
agaaaactaa caaccaacca accaaccaac caaccacaaa ccaccctaaa atgacagceg 3120
ctgatgtctg ggcatcagec tttgtactct gtttttttaa gaaagtgcag aatcaacttg 3180
aagcaagett tetetcataa cgtaatgatt atatgacaat cctgaagaaa ccacaggtte 3240
catagaacta atatcctgtc tctcetctcte tctetctete tcotetttttt ttttettttt 3300
cettttgeca tggaatetgg gtgggagagyg atactgeggyg caccagaatyg ctaaagttte 3360
ctaacatttt gaagtttetg tagttcatee ttaatectga cacccatgta aatgtecaaa 3420
atgttgatet tceccactgcaa atttcaaaag ccttgtcaat ggtcaagegt gecagettgtt 3480
cageggttet ttetgaggag cggacacegg gttacattac taatgagagt tgggtagaac 3540
tectetgagat gtgttcagat agtgtaattg ctacattcete tgatgtagtt aagtatttac 3600
agatgttaaa tggagtattt ttattttatg tatatactat acaacaatgt tcttttttgt 3660
tacagctatg cactgtaaat gcagecttet tttcaaaact gctaaatttt tcttaatcaa 3720
gaatattcaa atgtaattat gaggtgaaac aattattgta cactaacata tttagaaget 3780
gaacttactg cttatatata tttgattgta aaaacaaaaa gacagtgtgt gtgtctgttg 3840
agtgcaacaa gagcaaaatg atgctttceg cacatccate ccttaggtga gettcaatet 3900
aagcatcttyg tcaagaaata tcctagtcce ctaaaggtat taaccactte tgcgatattt 3960
ttccacattt tettgteget tgtttttett tgaagtttta tacactggat ttgttagggg 4020
aatgaaattt tctcatctaa aatttttcta gaagatatca tgattttatg taaagtctet 4080
caatgggtaa ccattaagaa atgtttttat tttectctatc aacagtagtt ttgaaactag 4140
aagtcaaaaa tctttttaaa atgectgtttt gttttaattt ttgtgatttt aatttgatac 4200
aaaatgctga ggtaataatt atagtatgat ttttacaata attaatgtgt gtctgaagac 4260
tatctttgaa gccagtattt ctttececttg gcagagtatg acgatggtat ttatctgtat 4320
tttttacagt tatgcatcct gtataaatac tgatatttca ttcctttgtt tactaaagag 4380
acatatttat cagttgcaga tagcctattt attataaatt atgagatgat gaaaataata 4440
aagccagtgg aaattttcta cctaggatge atgacaattyg tcaggttgga gtgtaagtgce 4500
ttcatttggg aaattcaget tttgcagaag cagtgtttcet acttgcacta gcatggecte 4560

tgacgtgacce atggtgttgt tcttgatgac attgecttctg ctaaatttaa taaaaacttce 4620



US 2010/0310574 A1 Dec. 9, 2010
34

-continued

agaaaaacct ccattttgat catcaggatt tcatctgagt gtggagtccc tggaatggaa 4680
ttcagtaaca tttggagtgt gtattcaagt ttctaaattg agattcgatt actgtttggce 4740
tgacatgact tttctggaag acatgataca cctactactc aattgttctt ttcctttcte 4800
tcgeccaaca cgatcecttgta agatggattt cacccccagg ccaatgcage taattttgat 4860
agctgcattc atttatcacc agcatattgt gttctgagtg aatccactgt ttgtcctgtce 4920
ggatgcttge ttgatttttt ggcttcttat ttctaagtag atagaaagca ataaaaatac 4980
tatgaaatga aagaacttgt tcacaggttc tgcgttacaa cagtaacaca tctttaatcc 5040
gcctaattct tgttgttctg taggttaaat gcaggtattt taactgtgtg aacgccaaac 5100
taaagtttac agtctttctt tctgaatttt gagtatcttc tgttgtagaa taataataaa 5160
aagactatta agagcaataa attattttta agaaatcgag atttagtaaa tcctattatg 5220
tgttcaagga ccacatgtgt tctctatttt gcctttaaat ttttgtgaac caattttaaa 5280
tacattctee tttttgccet ggattgttga catgagtgga atacttggtt tcttttctta 5340
cttatcaaaa gacagcacta cagatatcat attgaggatt aatttatccc ccctaccccce 5400
agcctgacaa atattgttac catgaagata gttttcctca atggacttca aattgcatct 5460
agaattagtyg gagettttgt atcttetgea gacactgtgg gtageccate aaaatgtaag 5520
ctgtgctect ctcattttta tttttatttt tttgggagag aatatttcaa atgaacacgt 5580
geacccecate atcactggag gcaaattteca geatagatet gtaggatttt tagaagaccey 5640
tgggccattyg cctteatgee gtggtaagta ccacatctac aattttggta accgaactgg 5700
tgetttagta atgtggattt ttttettttt taaaagagat gtageagaat aattetteca 5760
gtgcaacaaa atcaattttt tgctaaacga ctecegagaac aacagttggyg ctgtcaacat 5820
tcaaagcage agagagggaa ctttgcacta ttggggtatg atgtttgggt cagttgataa 5880
aaggaaacct tttcatgeet ttagatgtga gettecagta ggtaatgatt atgtgtectt 5940
tettgatgge tgtaatgaga acttcaatca ctgtagtcta agacctgatce tatagatgac 6000
ctagaatage catgtactat aatgtgatga ttctaaattt gtacctatgt gacagacatt 6060
ttcaataatg tgaactgctg atttgatgga gctactttaa gatttgtagg tgaaagtgta 6120
atactgttgg ttgaactatg ctgaagaggg aaagtgageg attagttgag cccttgeegg 6180
gectttttte cacctgecaa ttectacatgt attgttgtgg ttttattcat tgtatgaaaa 6240
ttectgtgat tttttttaaa tgtgcagtac acatcagect cactgagceta ataaagggaa 6300
acgaatgttt caaatcta 6318
<210> SEQ ID NO 13

<211> LENGTH: 1023

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 13

Met Ala Gly Asn Asp Cys Gly Ala Leu Leu Asp Glu Glu Leu Ser Ser
1 5 10 15

Phe Phe Leu Asn Tyr Leu Ala Asp Thr Gln Gly Gly Gly Ser Gly Glu
20 25 30

Glu Gln Leu Tyr Ala Asp Phe Pro Glu Leu Asp Leu Ser Gln Leu Asp
35 40 45
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Ala Ser Asp Phe Asp Ser Ala Thr Cys Phe Gly Glu Leu Gln Trp Cys
50 55 60

Pro Glu Asn Ser Glu Thr Glu Pro Asn Gln Tyr Ser Pro Asp Asp Ser
65 70 75 80

Glu Leu Phe Gln Ile Asp Ser Glu Asn Glu Ala Leu Leu Ala Glu Leu
85 90 85

Thr Lys Thr Leu Asp Asp Ile Pro Glu Asp Asp Val Gly Leu 2la 2Ala
100 105 110

Phe Pro Ala Leu Asp Gly Gly Asp Ala Leu Ser Cys Thr Ser 2Ala Ser
115 120 125

Pro Ala Pro Ser Ser Ala Pro Pro Ser Pro Ala Pro Glu Lys Pro Ser
130 135 140

Ala Pro Ala Pro Glu Val Asp Glu Leu Ser Leu Leu Gln Lys Leu Leu
145 150 155 160

Leu Ala Thr Ser Tyr Pro Thr Ser Ser Ser Asp Thr Gln Lys Glu Gly
165 170 175

Thr Ala Trp Arg Gln Ala Gly Leu Arg Ser Lys Ser Gln Arg Pro Cys
180 185 190

Val Lys Ala Asp Ser Thr Gln Asp Lys Lys Ala Pro Met Met Gln Ser
195 200 205

Gln Ser Arg Ser Cys Thr Glu Leu His Lys His Leu Thr Ser Ala Gln
210 215 220

Cys Cys Leu Gln Asp Arg Gly Leu Gln Pro Pro Cys Leu Gln Ser Pro
225 230 235 240

Arg Leu Pro Ala Lys Glu Asp Lys Glu Pro Gly Glu Asp Cys Pro Ser
245 250 255

Pro Gln Pro Ala Pro Ala Ser Pro Gln Asp Ser Leu Ala Leu Gly Arg
260 265 270

Ala Asp Pro Gly Ala Pro Val Ser Gln Glu Asp Met Gln Ala Met Val
275 280 285

Gln Leu Ile Arg Tyr Met His Thr Tyr Cys Leu Pro Gln Arg Lys Leu
290 295 300

Pro Pro Gln Thr Pro Glu Pro Leu Pro Lys Ala Cys Ser Asn Pro Ser
305 310 315 320

Gln Gln Val Arg Ser Arg Pro Trp Ser Arg His His Ser Lys Ala Ser
325 330 335

Trp Ala Glu Phe Ser Ile Leu Arg Glu Leu Leu Ala Gln Asp Val Leu
340 345 350

Cys Asp Val Ser Lys Pro Tyr Arg Leu Ala Thr Pro Val Tyr Ala Ser
355 360 365

Leu Thr Pro Arg Ser Arg Pro Arg Pro Pro Lys Asp Ser Gln Ala Ser
370 375 380

Pro Gly Arg Pro Ser Ser Val Glu Glu Val Arg Ile Ala Ala Ser Pro
385 390 395 400

Lys Ser Thr Gly Pro Arg Pro Ser Leu Arg Pro Leu Arg Leu Glu Val
405 410 415

Lys Arg Glu Val Arg Arg Pro Ala Arg Leu Gln Gln Gln Glu Glu Glu
420 425 430

Asp Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Glu Lys Glu Glu Glu
435 440 445

Glu Glu Trp Gly Arg Lys Arg Pro Gly Arg Gly Leu Pro Trp Thr Lys
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450 455 460

Leu Gly Arg Lys Leu Glu Ser Ser Val Cys Pro Val Arg Arg Ser Arg
465 470 475 480

Arg Leu Asn Pro Glu Leu Gly Pro Trp Leu Thr Phe Ala Asp Glu Pro
485 490 495

Leu Val Pro Ser Glu Pro Gln Gly Ala Leu Pro Ser Leu Cys Leu 2Ala
500 505 510

Pro Lys Ala Tyr Asp Val Glu Arg Glu Leu Gly Ser Pro Thr 2Asp Glu
515 520 525

Asp Ser Gly Gln Asp Gln Gln Leu Leu Arg Gly Pro Gln Ile Pro Ala
530 535 540

Leu Glu Ser Pro Cys Glu Ser Gly Cys Gly Asp Met Asp Glu 2Asp Pro
545 550 555 560

Ser Cys Pro Gln Leu Pro Pro Arg Asp Ser Pro Arg Cys Leu Met Leu
565 570 575

Ala Leu Ser Gln Ser Asp Pro Thr Phe Gly Lys Lys Ser Phe Glu Gln
580 585 590

Thr Leu Thr Val Glu Leu Cys Gly Thr Ala Gly Leu Thr Pro Pro Thr
595 600 605

Thr Pro Pro Tyr Lys Pro Thr Glu Glu Asp Pro Phe Lys Pro ZAsp Ile
610 615 620

Lys His Ser Leu Gly Lys Glu Ile Ala Leu Ser Leu Pro Ser Pro Glu
625 630 635 640

Gly Leu Ser Leu Lys Ala Thr Pro Gly Ala Ala Hig Lys Leu Pro Lys
645 650 655

Lys His Pro Glu Arg Ser Glu Leu Leu Ser Higs Leu Arg His Ala Thr
660 665 670

Ala Gln Pro Ala Ser Gln Ala Gly Gln Lys Arg Pro Phe Ser Cys Ser
675 680 685

Phe Gly Asp His Asp Tyr Cys Gln Val Leu Arg Pro Glu Gly Val Leu
690 695 700

Gln Arg Lys Val Leu Arg Ser Trp Glu Pro Ser Gly Val His Leu Glu
705 710 715 720

Asp Trp Pro Gln Gln Gly Ala Pro Trp Ala Glu Ala Gln Ala Pro Gly
725 730 735

Arg Glu Glu Asp Arg Ser Cys Asp Ala Gly Ala Pro Pro Lys Asp Ser
740 745 750

Thr Leu Leu Arg Asp His Glu Ile Arg Ala Ser Leu Thr Lys His Phe
755 760 765

Gly Leu Leu Glu Thr Ala Leu Glu Glu Glu Asp Leu Ala Ser Cys Lys
770 775 780

Ser Pro Glu Tyr Asp Thr Val Phe Glu Asp Ser Ser Ser Ser Ser Gly
785 790 795 800

Glu Ser Ser Phe Leu Pro Glu Glu Glu Glu Glu Glu Gly Glu Glu Glu
805 810 815

Glu Glu Asp Asp Glu Glu Glu Asp Ser Gly Val Ser Pro Thr Cys Ser
820 825 830

Agp Hig Cys Pro Tyr Gln Ser Pro Pro Ser Lys Ala Asn Arg Gln Leu
835 840 845

Cys Ser Arg Ser Arg Ser Ser Ser Gly Ser Ser Pro Cys His Ser Trp
850 855 860
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Ser Pro Ala Thr Arg Arg Asn Phe Arg Cys Glu Ser Arg Gly Pro Cys
865 870 875 880

Ser Asp Arg Thr Pro Ser Ile Arg His Ala Arg Lys Arg Arg Glu Lys
885 890 895

Ala Ile Gly Glu Gly Arg Val Val Tyr Ile Gln Asn Leu Ser Ser Asp
900 905 910

Met Ser Ser Arg Glu Leu Lys Arg Arg Phe Glu Val Phe Gly Glu Ile
915 920 925

Glu Glu Cys Glu Val Leu Thr Arg Asn Arg Arg Gly Glu Lys Tyr Cly
930 935 940

Phe Ile Thr Tyr Arg Cys Ser Glu His Ala Ala Leu Ser Leu Thr Lys
945 950 955 960

Gly Ala Ala Leu Arg Lys Arg Asn Glu Pro Ser Phe Gln Leu Ser Tyr
965 970 875

Gly Gly Leu Arg His Phe Cys Trp Pro Arg Tyr Thr Asp Tyr Asp Ser
980 985 990

Asn Ser Glu Glu Ala Leu Pro Ala Ser Gly Lys Ser Lys Tyr Glu Ala
995 1000 1005

Met Asp Phe Asp Ser Leu Leu Lys Glu Ala Gln Gln Ser Leu His
1010 1015 1020

<210> SEQ ID NO 14

<211> LENGTH: 3277

<212> TYPE: DNA

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 14

cteggegtty actcegecyge acgetgeage cgeggetgga agatggeggy gaacgactge 60
ggegegetge tggacgaaga gotctectee ttettectea actatctege tgacacgeag 120
ggtggagggt ccggggagga gcaactetat getgacttte cagaacttga ceteteccag 180
ctggatgeca gegactttga cteggecace tgetttgggy agetgeagtg gtgeccagag 240
aactcagaga ctgaacccaa ccagtacage cccgatgact cegagetett ccagattgac 300

agtgagaatg aggcecteet ggecagagete accaagacec tggatgacat ccctgaagat 360

gacgtgggte tggetgectt ccocageectg gatggtggag acgetctatc atgeacctea 420

gettegectyg cceccteate tgcaccecee agecctgeec cggagaagec cteggeccca 480
gecectgagg tggacgaget ctcactgetg cagaagetee tectggecac atcctacceca 540
acatcaaget ctgacaccca gaaggaaggg accgectgge gecaggeagg cctcagatet 600
aaaagtcaac ggecttgtgt taaggeggac agcacccaag acaagaagge tcccatgatg 660
cagtctcaga gecgaagttg tacagaacta cataagecace tcacctegge acagtgetge 720
ctgcaggate ggggtetgea gecaccatge ctecagagte ceeggetece tgecaaggag 780
gacaaggagce cgggtgagga ctgcccgage ccccagecag ctecagecte tecccaggac 840

tecectagete tgggeaggge agaccceeggt gecccggttt cccaggaaga catgcaggeg 900
atggtgcaac tcatacgeta catgcacacc tactgectece cccagaggaa gctgecceca 960
cagacceetg agecactecec caaggectge agcaacccoct cccagcaggt cagatccegg 1020
cecectggtece ggcaccacte caaagectcee tgggetgagt tcetecattet gagggaactt 1080

ctggctcaag acgtgctetyg tgatgtcage aaaccctacce gtcetggecac gectgtttat 1140
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gcctecoctea caccteggte aaggcccagg ccccccaaayg acagtcaggce ctceccectggt 1200
cgcecegtect cggtggagga ggtaaggatce gecagecttcac ccaagagcac cgggcccaga 1260
ccaagccetge geccactgeg gectggaggtg aaaagggagg tccgecggece tgccagactg 1320
cagcagcagg aggaggaaga cgaggaagaa gaggaggagg aagaggaaga agaaaaagag 1380
gaggaggagy agtggggcag gaaaaggcca ggcecgaggece tgecatggac gaagetgggg 1440
aggaagctgg agagctctgt gtgccccgtg cggegttcte ggagactgaa ccctgagetg 1500
ggcccectgge tgacatttge agatgagcecg ctggtccecect cggagcccca aggtgcetcetg 1560
cecctecactgt gectggetece caaggcectac gacgtagage gggagctggg cagccccacy 1620
gacgaggaca gtggccaaga ccagcagctce ctacggggac cccagatcecc tgccctggag 1680
agccectgtg agagtgggtg tggggacatg gatgaggacce ccagectgccce gcagctecect 1740
cccagagact ctcccaggtg cctcatgetg gecttgtcac aaagcgaccc aacttttgge 1800
aagaagagct ttgagcagac cttgacagtg gagctctgtg gcacagcagg actcacccca 1860
cccaccacac caccgtacaa gcccacagag gaggatccct tcaaaccaga catcaagcat 1920
agtctaggca aagaaatagc tctcagecte cecteccectyg agggectcete actcaaggec 1980
accccagggg ctgcccacaa gctgccaaag aagcacccag agcgaagtga gctcctgtce 2040
cacctgcgac atgccacage ccagccagcec tcccaggetg gecagaageg teecttetee 2100
tgttcctttg gagaccatga ctactgccag gtgctccgac cagaaggcgt cctgcaaagg 2160
aaggtgctga ggtcctggga gecgtcetggyg gttcaccttyg aggactggec ccagcagggt 2220
gceccttggg ctgaggecaca ggcccctgge agggaggaag acagaagctg tgatgectggt 2280
geccccaccca aggacagcac getgetgaga gaccatgaga tcegtgetag cctcaccaaa 2340
cactttggge tgctggagac cgccctggag gaggaagacce tggcctcecctg caagagccct 2400
gagtatgaca ctgtctttga agacagcagce agcagcagcey gcgagagcag cttcectececa 2460
gaggaggaag aggaagaagg ggaggaggag gaggaggacg atgaagaaga ggactcaggg 2520
gtcagccceca cttgetetga ccactgecce taccagagec caccaagcaa ggccaaccgg 2580
cagctctgtt ccecgecageceg ctcaagctet ggctcettcac cctgecactce ctggtcacca 2640
gccactcgaa ggaacttcag atgtgagage agagggccgt gttcagacag aacgccaage 2700
atccggcacg ccaggaagcg gcgggaaaag gccattgggg aaggccgcegt ggtgtacatt 2760
caaaatctct ccagegacat gagctcccga gagctgaaga ggcgetttga agtgtttggt 2820
gagattgagy agtgcgaggt gectgacaaga aataggagag gcgagaagta cggettcate 2880
acctaccggt gttcectgagcea cgcggceccte tetttgacaa agggegetge cctgaggaag 2940
cgcaacgagc cctectteca gectgagectac ggagggctcee ggcacttetg ctggecccaga 3000
tacactgact acgattccaa ttcagaagag gcccttectg cgtcagggaa aagcaagtat 3060
gaagcecatgyg attttgacag cttactgaaa gaggeccage agagectgea ttgataacag 3120
ccttaaccct cgaggaatac ctcaatacct cagacaaggc ccttccaata tgtttacgtt 3180
ttcaaagaaa tcaagtatat gaggagagcg agcgagcgtg agagaacacc cgtgagagag — 3240

acttgaaact gctgtccttt aaaaaaaaaa aaaaaaa 3277
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What is claimed is:

1. A method of treating or preventing a statin-mediated
myopathy ina subject, said method comprising administering
to said subject a therapeutically effective amount of an atro-
gin-1 inhibitor compound in an amount and for a time suffi-
cient to treat or prevent said statin-mediated myopathy in said
subject.

2. The method of claim 1. wherein said atrogin-1 inhibitor
compound reduces or inhibits the expression levels or bio-
logical activity of an atrogin-1 protein or nucleic acid.

3. The method of claim 2, wherein said atrogin-1 inhibitor
compound is PGC-1a polypeptide or PGC-1a polypeptide.

4-5. (canceled)

6. The method of claim 2, wherein said biological activity
of said atrogin-1 polypeptide is ubiquitin ligase activity, sub-
strate binding activity, or nuclear translocation.

7. (canceled)

8. The method of claim 1, wherein said atrogin-1 inhibitor
compound specifically binds the ubiquitin ligase domain, the
substrate-binding domain of atrogin-1, or the N- or C-termi-
nal nuclear localization sequence of atrogin-1.

9-10. (canceled)

11. The method of claim 1, wherein said atrogin-1 inhibitor
compound is an antibody or antigen-binding fragment thereof
that specifically binds atrogin-1.

12-13. (canceled)

14. The method of claim 1, wherein said atrogin-1 inhibitor
compound reduces or inhibits the expression levels of an
atrogin-1 nucleic acid molecule.

15-16. (canceled)

17. The method of claim 14, wherein said atrogin-1 inhibi-
tor compound is a morpholino oligomer that is complemen-
tary to atleast a portion ofan atrogin-1 nucleic acid molecule.

18. The method of claim 17, wherein said morpholino
oligomer comprises a sequence substantially identical to SEQ
ID NO: 8 or SEQ ID NO: 9.

19. The method of claim 14, wherein said atrogin-1 inhibi-
tor compound is a small RNA having at least one strand that
comprises a nucleic acid sequence substantially identical to at
least a portion of an atrogin-1 nucleic acid molecule, or a
complementary sequence thereof.

20-24. (canceled)

25. The method of claim 1, wherein said subject has been
treated with a statin.

26. (canceled)

27. The method of claim 25, wherein said subject is still
being treated with said statin.

28-31. (canceled)

32. The method of claim 1, wherein said subject will be
treated with a statin compound and said atrogin-1 inhibitor
compound is administered prior to administering said statin
compound.

33. (canceled)

34. A composition comprising an atrogin-1 inhibitor com-
pound that reduces or inhibits the expression or biological
activity of atrogin-1, wherein said compound is formulated
for the treatment or prevention of a statin-mediated myopa-
thy.

35-46. (canceled)

47. The composition of claim 34, wherein said atrogin-1
inhibitor compound reduces or inhibits the expression levels
of an atrogin-1 nucleic acid molecule.

48-49. (canceled)
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50. The composition of claim 47, wherein said atrogin-1
inhibitor compound is a morpholino oligomer that is comple-
mentary to at least a portion of an atrogin-1 nucleic acid
molecule.

51. The composition of claim 50, wherein said morpholino
oligomer comprises a sequence substantially identical to SEQ
ID NO: 8 or SEQ ID NO: 9.

52. The composition of claim 47, wherein said atrogin-1
inhibitor compound is a small RNA having at least one strand
that comprises at least a portion of an atrogin-1 nucleic acid
molecule, or a complementary sequence thereof.

53-54. (canceled)

55. A kit comprising:

1) a statin;

ii) an atrogin-1 inhibitor compound; and

1i1) instructions for administration of said statin and said
atrogin-1 inhibitor compound for the treatment of a sta-
tin-induced myopathy.

56-57. (canceled)

58. A method of diagnosing a subject as having or having a
propensity to develop a statin-mediated myopathy, said
method comprising measuring the level of an atrogin-1
polypeptide, atrogin-1 nucleic acid, or fragments thereof,ina
sample from said subject relative to a reference sample or
level, wherein an alteration in said subject levels relative to
said reference sample or level is diagnostic of a statin-medi-
ated myopathy or a propensity to develop a statin-mediated
myopathy in said subject.

59. The method of claim 58, wherein said reference sample
or level is a normal reference sample or level and said alter-
ation is an increase.

60-61. (canceled)

62. A method of diagnosing a subject as having or having a
propensity to develop a statin-mediated myopathy, said
method comprising measuring the level of an antibody, or a
fragment thereof, that specifically binds atrogin-1 in a blood
or serum sample from said subject relative to a reference
level, wherein an alteration in said subject levels compared to
said reference level is diagnostic of a statin-mediated myopa-
thy or a propensity to develop a statin-mediated myopathy in
said subject.

63. The method of claim 62, wherein said reference is a
normal reference level and said alteration is an increase.

64. (canceled)

65. A method of monitoring a statin-mediated myopathy or
a propensity to develop a statin-mediated myopathy in a sub-
ject, said method comprising measuring the level of an atro-
gin-1 polypeptide, nucleic acid, atrogin-1 specific antibody,
or fragments thereof in a sample from said subject, and com-
paring said level to a reference sample or level, wherein an
alteration in said level is an indicator of a change in the
propensity to develop a statin-mediated myopathy, or a
change in a statin-mediated myopathy of the subject.

66-85. (canceled)

86. A method of treating a biological sample from a subject
having a statin-induced myopathy or a propensity to develop
a statin-induced myopathy comprising the steps of:

(i) obtaining a biological sample from a subject having a
statin-induced myopathy or a propensity to develop a
statin-induced myopathy; and

(ii) treating said biological sample ex vivo with a therapeu-
tically effective amount of an atrogin-1 inhibitor com-
pound.

87-89. (canceled)



THMBW(EF)

RE(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

RAAN

IPCH &S

CPCH¥S

L 5ER

S EREEEE

BEX)

REARGKEETA T AT TR SHAE N atrogin-1#IHFI{L &

patsnap

AR NI T XA ESHIRN S ENEAEY

US20100310574A1 [ (r&)B 2010-12-09
US12/663423 FER 2008-06-05
NET A &SI LI FEEST O
NGBS ZHBET F O

SUKHATME VIKAS P
LECKER STEWART H
HANAI JUNICHI

SUKHATME, VIKAS P.
LECKER, STEWART H.
HANAI, JUNICHI

A61K39/395 A61K38/02 A61K31/675 A61K31/7105 GO1N33/68 C12Q1/68 GO1N33/566 GO1N33/53
C12N5/07 A61P21/00

A61K31/22 Y10T436/143333 A61K31/40 A61K31/47 A61K31/505 A61K38/17 A61K45/06 CO7K16/18
C12Q1/25 GO1N33/573 GO1N2333/9015 GO1N2500/10 GO1N2800/10 GO1N2800/50 GO1N2800/56
A61K31/366 A61K2300/00 A61P21/00

60/943521 2007-06-12 US

Espacenet USPTO

Figure 1

HMASMAETE. REETATLMATENSOIBERFZ. & Human atrogin-1 protein (SEQ ID NO: 1)
RANKIDEE TBYS T8 BRENatrogin-1#HIFIL Y677 R . o :
B2 R E S TRN SRR 5 E, ARERH —SEMT MR 1 mnilekvvlk Vledqqnlrl lrellqtlyt SlCthqug

HEERRBRMITREYE S A NBER MG 89 5 E M N T R E S

41 ksvlvgninm wvyrmetilh wgqqlnniqi trpafkgltf

WABERESHEPRRMTENSHAIBENEAREN 5 E. NRBHR
R ETFEEATARITMTENSHIRN LSS AL EAMST 81 tdlplclgln imgrlsdgrd lvslggaapd lhvlsedrll
LEYMERFSMTEN S WAFEE T %,

121 wkklcqyhfs ergirkrlil sdkgqldwkk myfklvrcyp
161 rkeqygdtlg lrkhchilsw kgtdhpctan npescsvsls

201 pqdfinlfke


https://share-analytics.zhihuiya.com/view/344d3dd5-2dc7-49ec-87ac-2d4899fcab6f
https://worldwide.espacenet.com/patent/search/family/040156503/publication/US2010310574A1?q=US2010310574A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220100310574%22.PGNR.&OS=DN/20100310574&RS=DN/20100310574

