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COMPOSITIONS AND METHODS FOR 
PREVENTING OR TREATING MUSCLE 

CONDITIONS 
CROSS - REFERENCE TO RELATED 

APPLICATION 
[ 0001 ] This application is a continuation of PCT Applica 
tion No . PCT / US2018 / 036727 , filed Jun . 8 , 2018 , which 
claims priority to U . S . Provisional Application No . 62 / 517 , 
758 , filed Jun . 9 , 2017 , the disclosure of which is hereby 
incorporated by reference in its entirety for all purposes . 

intervention is by surgery to release the band constricting the 
median nerve . This allows for regeneration of the motor 
nerve and potential recovery of the muscle . Unfortunately , 
many of those with severe CTS have poor functional recov 
ery even after the nerve has been released . 
[ 0007 ] There is a need for new therapies that improve the 
recovery of muscle function following muscle and nerve 
injuries . The present invention satisfies this need , and pro 
vides related advantages as well . 

STATEMENT AS TO RIGHTS TO INVENTIONS 
MADE UNDER FEDERALLY SPONSORED 

RESEARCH AND DEVELOPMENT 

0002 ] This invention was made with government support 
under Grant No . AG020961 , awarded by the National Insti 
tutes of Health . The government has certain rights in the 
invention . 

BACKGROUND OF THE INVENTION 
[ 0003 ] Muscle injuries are an extremely common phe 
nomenon which range from being relatively mild to 
extremely severe and can take many forms . In addition , 
muscle injuries arise from any number of causes . For 
example , muscles are often incidentally injured during sur 
gical procedures ( e . g . , surgical treatments ) . This is espe 
cially apparent in the context of surgical procedures such as 
Caesarean sections and joint replacement surgeries ( e . g . , 
knee and hip replacement surgeries ) . Furthermore , many 
muscle injuries are the result of trauma and accidental events 
that produce cutting , compression , and / or crushing of 
muscle tissue . In addition , many muscle injuries are the 
consequence of immobilization ( e . g . , limb immobilization ) 
and / or nerve injuries ( e . g . , peripheral nerve injuries ) . 
[ 0004 ] Peripheral nerve injuries ( PNI ) are a common 
result of trauma or immobilization due to illness and can 
produce severe motor deficits that ultimately impact the 
physical , psychological , and social well - being of those 
affected . In particular , peripheral nerves are prevalently 
injured in combat from high velocity gunshot wounds and 
explosive fragments . Furthermore , combat PNIs are increas 
ingly common because improvements in body armor and 
rapid evacuations allow more soldiers to survive severe 
extremity trauma . PNIs occurred in 8 % of UK combat 
casualties from the Iraq and Afghanistan conflicts . Of those 
with combat PNIS , only about 9 % return to full duty . 
[ 0005 ] Compression PNIs ( such as carpal tunnel syn 
drome ( CTS ) ) are a category of nerve injury caused by 
constriction of the nerve . Compression PNIs are especially 
common in the military veteran population . For example , in 
2007 - 2008 120 , 000 veterans received a diagnosis of CTS 
and 10 , 000 of them underwent carpal tunnel release . 
[ 0006 ] A primary morbidity after PNI ( either due to com 
bat or compression ) is muscle atrophy that occurs when a 
muscle is denervated . Recovery of denervated muscle is a 
complex process that is not fully understood ; however 
intrinsic regenerative factors of the muscle are known to be 
critical and can be influenced by factors such as age . For 
those with severe CTS , the denervated muscle is the abduc 
tor pollicis brevis ( APB ) , which brings the thumb out of the 
plane of the palm and is integral to many fine motor 
activities ( FIG . 1 ) . To date , the only means of medical 

BRIEF SUMMARY OF THE INVENTION 
[ 0008 ] In a first aspect , provided herein is a composition 
for preventing or treating a muscle condition . In some 
embodiments , the composition comprises a prostaglandin 
E2 ( PGE2 ) compound and a myotoxin . 
[ 0009 ] In a second aspect , provided herein is a pharma 
ceutical composition . In some embodiments , the pharma 
ceutical composition comprises a composition described 
herein that comprises a PGE2 compound and a myotoxin . 
[ 0010 ] In a third aspect , provided herein is a method for 
promoting muscle regeneration and / or increasing muscle 
mass in a subject in need thereof . In some embodiments , the 
method comprises administering a combination of a PGE2 
compound and a myotoxin to the subject . 
[ 0011 ] In a fourth aspect , provided herein is a method for 
preventing or treating a muscle condition in a subject in need 
thereof . In some embodiments , the method comprises 
administering a combination of a PGE2 compound and a 
myotoxin to the subject . In other embodiments , the method 
comprises administering a PGE2 receptor agonist and a 
myotoxin to the subject . 
[ 0012 ] In fifth aspect , provided herein is a kit for promot 
ing muscle regeneration , increasing muscle strength , and / or 
increasing muscle mass in a subject in need thereof , or for 
preventing or treating a muscle condition in a subject in need 
thereof . In some embodiments , the kit comprises a compo 
sition described herein that comprises a combination of a 
PGE2 compound and a myotoxin . In other embodiments , the 
kit comprises a pharmaceutical composition described 
herein . 
[ 0013 ] Described herein is a composition for preventing or 
treating a muscle condition , the composition comprising a 
prostaglandin E2 ( PGE2 ) compound and a myotoxin . In 
some embodiments , the PGE2 compound is selected from 
the group consisting of PGE2 , a PGE2 prodrug , a PGE2 
receptor agonist , a compound that attenuates PGE2 catabo 
lism , a compound that neutralizes PGE2 inhibition , a deriva 
tive thereof , an analog thereof , and a combination thereof . In 
some embodiments , the PGE2 receptor agonist comprises a 
compound of Formula ( I ) , a derivative thereof , a pharma 
ceutically acceptable salt thereof , a solvate thereof , a ste 
reoisomer thereof , or a combination thereof , 

Formula ( I ) 

[ 0014 ] wherein ring Ais a substituted 4 - to 6 - membered 
cycloalkyl ring or a substituted 4 - to 6 - membered 
cycloalkenyl ring that comprises substituents R1 and R ? 
that are independently selected from the group consist 
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OH and 

ing of substituted C , - C10 alkyl and substituted C2 - C10 
alkenyl , and ring A further comprises one or more 
additional substituents . 

[ 0015 ] In some cases , ring A is a substituted cyclopentyl 
ring or a substituted cyclopentenyl ring . In some cases , the 
one or more additional substituents on ring A are selected 
from the group consisting of deuterium , hydroxy , amino , 
oxo , C1 - C6 alkyl , and halogen . In some cases , the one or 
more additional substituents on ring A are hydroxy or oxo . 
In some embodiments , ring Ahas two additional substituents 
that are taken together to form a covalent bond to form a 
heterocycloalkyl ring . In some embodiments , ring A is 
selected from the group consisting of 

OH . 

[ 0019 ] In some embodiments , Riis selected from the 
group consisting of 

0 
R1 

OH and 

R ? , R2 , 
HO HO 

R ! OH . 

and MR ? , MR ? , and 
HÓ HÓ 

[ 0020 ] In some embodiments , Riis 

?? . [ 0016 ] In some embodiments , ring A is selected from the 
group consisting of 

HO , het R RI 

R2 , and R2 

HO H? 

[ 0021 ] In some embodiments , R2 is substituted C1 - C10 
alkyl . 
[ 0022 ] In some embodiments , R2 is substituted C2 - C10 
alkenyl . In some embodiments , the substituent on R2 is 
selected from the group consisting of deuterium , hydroxy , 
oxo , C . - C . alkyl , — COOR " , and halogen , wherein R * is 
hydrogen or C . - C . alkyl . In some embodiments , R² is 
selected from the group consisting of 

[ 0017 ] In some embodiments , ring A is 

P2 

VV 
[ 0018 ] In some embodiments , Rl is substituted C - C10 
alkyl . In some embodiments , Rl is substituted C2 - C , alk 
enyl . In some embodiments , the substituent on Rl is selected 
from the group consisting of deuterium , hydroxy , oxo , C , - C6 
alkyl , COOR " , and halogen , wherein R² is hydrogen or 
C . - C . alkyl . In some embodiments , Rl is selected from the 
group consisting of 

man 
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- continued - continued 

mm 
and 

[ 0023 ] In some embodiments , R2 is selected from the 
group consisting of 

man 
OH 

?? , 

and 

OH 

HO . 

[ 0024 ] In some embodiments , R2 is 
w 

or OH 

OH 

[ 0025 ] In some embodiments , the compound of Formula 
( I ) , the pharmaceutically acceptable salt thereof , the solvate 
thereof , or the stereoisomer thereof is a compound of 
Formula ( la ) , Formula ( Ib ) , Formula ( Ic ) , or Formula ( Id ) , or 
a pharmaceutically acceptable salt , solvate , or stereoisomer 
thereof : 

OH OH 
Formula ( la ) 

mm w " I1 R2 : 
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- continued 
Formula ( b ) 

Formula ( Ic ) 
11111R / 

" ! ! ! R2 ; and 
Formula ( Id ) 

R2 

[ 0026 ] In some embodiments , the compound of Formula 
( I ) , the pharmaceutically acceptable salt thereof , the solvate 
thereof , or the stereoisomer thereof is a compound of 
Formula ( Id ) , or a pharmaceutically acceptable salt , solvate , 
or stereoisomer thereof . 
[ 0027 ] In some embodiments , the PGE2 derivative com 
prises 16 , 16 - dimethyl prostaglandin E2 . In some embodi 
ments , the compound that attenuates PGE2 catabolism com 
prises a compound , neutralizing peptide , or neutralizing 
antibody that inactivates or blocks 15 - hydroxyprostaglandin 
dehydrogenase ( 15 - PGDH ) or inactivates or blocks a pros 
taglandin transporter ( PGT or SLCO2A1 ) . In some embodi 
ments , the PGE2 compound is PGE2 . 
[ 0028 ] In some embodiments , the myotoxin is selected 
from the group consisting of an anesthetic , a divalent cation , 
snake venom , lizard venom , bee venom , and a combination 
thereof . In some embodiments , the anesthetic is selected 
from the group consisting of an amino - amide anesthetic , an 
amino - ester anesthetic , and a combination thereof . In some 
embodiments , the amino - amide anesthetic is selected from 
the group consisting of bupivacaine , levobupivacaine , artic 
aine , ropivacaine , butanilicaine , carticaine , dibucaine , eti 
docaine , lidocaine , mepivacaine , prilocaine , trimecaine , and 
a combination thereof . In some embodiments , the amino 
ester anesthetic is selected from the group consisting of an 
aminobenzoic acid ester anesthetic , a benzoic acid ester 
anesthetic , and a combination thereof . In some embodi 
ments , the aminobenzoic acid ester anesthetic is selected 
from the group consisting of benzocaine , butacaine , butam 
ben , chloroprocaine , dimethocaine , lucaine , meprylcaine , 
metabutethamine , metabutoxycaine , nitracaine , orthocaine , 
propoxycaine , procaine , proxymetacaine , procaine , tetra 
caine , and a combination thereof . In some embodiments , the 
benzoic acid ester anesthetic is selected from the group 
consisting of amylocaine , cocaine , cyclomethycaine , a - eu 
caine , B - eucaine , hexylcaine , isobucaine , piperocaine , and a 
combination thereof . In some embodiments , the snake 
venom or the lizard venom is selected from the group 
consisting of notexin , cardiotoxin , bungarotoxin , and a 
combination thereof . In some embodiments , the divalent 
cation is selected from the group consisting of Ba2 + , Sr2 + , 
Mg2 + , Ca2 + , Mn2 + , Ni2 + , Co2 + , a salt thereof , and a combi 
nation thereof . 
[ 0029 ] In some embodiments , PGE2 compound is PGE2 
and / or 16 , 16 - dimethyl prostaglandin E2 and the myotoxin is 
bupivacaine . 
( 0030 ] In some embodiments , PGE2 compound is PGE2 
and / or 16 , 16 - dimethyl prostaglandin E2 and the myotoxin is 

bupivacaine . In some embodiments , the muscle condition is 
associated with muscle damage , injury , or atrophy . 
[ 0031 ] Described herein is a pharmaceutical composition 
comprising the composition described herein and a pharma 
ceutically acceptable carrier . In some embodiments , the 
pharmaceutically acceptable carrier comprises an aqueous 
base . In some embodiments , the pharmaceutically accept 
able carrier comprises a low viscosity compound . In some 
embodiments , the low viscosity compound comprises gela 
tin . In some embodiments , the low viscosity compound 
comprises a hydrogel . 
[ 0032 ] Described herein is a method for promoting muscle 
regeneration and / or increasing muscle mass in a subject in 
need thereof , the method comprising administering a com 
bination of a PGE2 compound and a myotoxin to the subject . 
In some embodiments , the PGE2 compound is selected from 
the group consisting of PGE2 , a PGE2 prodrug , a PGE2 
receptor agonist , a compound that attenuates PGE2 catabo 
lism , a compound that neutralizes PGE2 inhibition , a deriva 
tive thereof , an analog thereof , and a combination thereof . In 
some embodiments , the PGE2 derivative comprises 16 , 16 
dimethyl prostaglandin E2 . In some embodiments , the com 
pound that attenuates PGE2 catabolism comprises a com 
pound , neutralizing peptide , or neutralizing antibody that 
inactivates or blocks 15 - hydroxyprostaglandin dehydroge 
nase ( 15 - PGDH ) or inactivates or blocks a prostaglandin 
transporter ( PGT or SLCO2A1 ) . In some embodiments , the 
PGE2 compound is PGE2 . 
[ 0033 ] In some embodiments , the myotoxin is selected 
from the group consisting of an anesthetic , a divalent cation , 
snake venom , lizard venom , bee venom , and a combination 
thereof . In some embodiments , the anesthetic is selected 
from the group consisting of an amino - amide anesthetic , an 
amino - ester anesthetic , and a combination thereof . In some 
embodiments , the amino - amide anesthetic is selected from 
the group consisting of bupivacaine , levobupivacaine , artic 
aine , ropivacaine , butanilicaine , carticaine , dibucaine , eti 
docaine , lidocaine , mepivacaine , prilocaine , trimecaine , and 
a combination thereof . In some embodiments , the amino 
ester anesthetic is selected from the group consisting of an 
aminobenzoic acid ester anesthetic , a benzoic acid ester 
anesthetic , and a combination thereof . In some embodi 
ments , the aminobenzoic acid ester anesthetic is selected 
from the group consisting of benzocaine , butacaine , butam 
ben , chloroprocaine , dimethocaine , lucaine , meprylcaine , 
metabutethamine , metabutoxycaine , nitracaine , orthocaine , 
propoxycaine , procaine , proxymetacaine , risocaine , tetra 
caine , and a combination thereof . In some embodiments , the 
benzoic acid ester anesthetic is selected from the group 
consisting of amylocaine , cocaine , cyclomethycaine , a - eu 
caine , ß - eucaine , hexylcaine , isobucaine , piperocaine , and a 
combination thereof . In some embodiments , the snake 
venom or the lizard venom is selected from the group 
consisting of notexin , cardiotoxin , bungarotoxin , and a 
combination thereof . In some embodiments , the divalent 
cation is selected from the group consisting of Ba2 + , Sr2 + , 
Mg2 + , Ca2 + , Mn2 + , Ni2 + , Co2 + , a salt thereof , and a combi 
nation thereof . 
[ 0034 ] In some embodiments , PGE2 compound is PGE2 
and / or 16 , 16 - dimethyl prostaglandin E2 and the myotoxin is 
bupivacaine . In some embodiments , the PGE2 compound 
and the myotoxin are administered concomitantly . In some 
embodiments , the PGE2 compound and the myotoxin are 
administered sequentially . In some embodiments , the PGE2 
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compound is administered before the myotoxin . In some 
embodiments , the PGE2 compound is administered after the 
myotoxin . 
[ 0035 ] In some embodiments , administering the PGE2 
compound , the myotoxin , or both , comprises topical , oral , 
intraperitoneal , intramuscular , intra - arterial , intradermal , 
subcutaneous , intravenous , or intracardiac administration . In 
some embodiments , administering comprises intramuscular 
administration . In some embodiments , a dose of the PGE2 
compound , the myotoxin , or both , is determined based upon 
a target muscle size . In some embodiments , the target 
muscle is an abductor pollicis brevis muscle and the dose of 
the PGE2 compound , the myotoxin , or both , is about 10 ug . 
00361 . In some embodiments , the method further com 

prises subjecting a target muscle to mechanical injury . In 
some embodiments , the mechanical injury comprises cut 
ting , burning , freezing , needle puncture , exercise , a surgical 
procedure , traumatic injury , or a combination thereof . In 
some embodiments , the method further comprises adminis 
tering a population of isolated muscle cells to the subject . In 
some embodiments , the population of isolated muscle cells 
is autologous to the subject . In some embodiments , the 
population of isolated muscle cells is allogeneic to the 
subject . In some embodiments , the population of isolated 
muscle cells is purified . In some embodiments , population of 
isolated muscle cells is cultured with the PGE2 compound , 
the myotoxin , or both , prior to being administered to the 
subject . In some embodiments , culturing the population of 
isolated muscle cells with the PGE2 compound , the myo 
toxin , or both , comprises acute , intermittent , or continuous 
exposure of the population of isolated muscle cells to the 
PGE2 compound , the myotoxin , or both . In some embodi 
ments , wherein administering the population of isolated 
muscle cells comprises injecting or transplanting the cells 
into the subject . In some embodiments , wherein adminis 
tration of the population of isolated muscle cells and admin 
istration of the PGE2 compound and the myotoxin are 
performed concomitantly . In some embodiments , adminis 
tration of the population of isolated muscle cells and admin 
istration of the PGE2 compound and the myotoxin are 
performed sequentially . In some embodiments , the subject 
has a muscle condition . 
[ 0037 ] In some embodiments , the muscle condition is 
associated with muscle damage , injury , atrophy , or any 
combination thereof . In some embodiments , the muscle 
condition is selected from the group consisting of traumatic 
injury , acute muscle injury , acute nerve injury , chronic nerve 
injury , soft tissue hand injury , carpal tunnel syndrome 
( CTS ) , Duchenne muscular dystrophy ( DMD ) , Becker mus 
cular dystrophy , limb girdle muscular dystrophy , amyo 
trophic lateral sclerosis ( ALS ) , distal muscular dystrophy 
( DD ) , inherited myopathies , myotonic muscular dystrophy 
( MDD ) , mitochondrial myopathies , myotubular myopathy 
( MM ) , myasthenia gravis ( MG ) , congestive heart failure , 
periodic paralysis , polymyositis , rhabdomyolysis , dermato 
myositis , cancer cachexia , AIDS cachexia , cardiac cachexia , 
stress induced urinary incontinence , sarcopenia , spinal mus 
cular atrophy , fecal sphincter dysfunction , Bell ’ s palsy , 
rotator cuff injury , spinal cord injury , hip replacement , knee 
replacement , wrist fracture , and diabetic neuropathy . 
[ 0038 ] In some embodiments , the PGE2 compound and 
the myotoxin are administered immediately after the trau 
matic injury . In some embodiments , the subject receives a 
surgical procedure . In some embodiments , the surgical pro 

cedure is for the prevention of a nerve injury , reduction of a 
nerve injury , repair of a nerve injury , or any combination 
thereof . In some embodiments , the surgical procedure com 
prises cutting a muscle , repairing a muscle , or both . In some 
embodiments , the subject receives the surgical procedure 
before administration of the PGE2 compound and the myo 
toxin . In some embodiments , the subject receives the sur 
gical procedure at the same time as administration of the 
PGE2 compound and the myotoxin . In some embodiments , 
the subject receives the surgical procedure after administra 
tion of the PGE2 compound and the myotoxin . In some 
embodiments , the nerve injury is a peripheral nerve injury . 
In some embodiments , the surgical procedure comprises a 
carpal tunnel release procedure . 
[ 0039 ] Described herein is a method for preventing or 
treating a muscle condition in a subject in need thereof , the 
method comprising administering a combination of a PGE2 
compound and a myotoxin to the subject . In some embodi 
ments , the PGE2 compound is selected from the group 
consisting of PGE2 , a PGE2 prodrug , a PGE2 receptor 
agonist , a compound that attenuates PGE2 catabolism , a 
compound that neutralizes PGE2 inhibition , a derivative 
thereof , an analog thereof , and a combination thereof . In 
some embodiments , the PGE2 derivative comprises 16 , 16 
dimethyl prostaglandin E2 . In some embodiments , the com 
pound that attenuates PGE2 catabolism comprises a com 
pound , neutralizing peptide , or neutralizing antibody that 
inactivates or blocks 15 - hydroxyprostaglandin dehydroge 
nase ( 15 - PGDH ) or inactivates or blocks a prostaglandin 
transporter ( PGT or SLCO2A1 ) . In some embodiments , 
wherein the PGE2 compound is PGE2 . In some embodi 
ments , the myotoxin is selected from the group consisting of 
an anesthetic , a divalent cation , snake venom , lizard venom , 
bee venom , and a combination thereof . In some embodi 
ments , the anesthetic is selected from the group consisting of 
an amino - amide anesthetic , an amino - ester anesthetic , and a 
combination thereof . In some embodiments , the amino 
amide anesthetic is selected from the group consisting of 
bupivacaine , levobupivacaine , articaine , ropivacaine , buta 
nilicaine , carticaine , dibucaine , etidocaine , lidocaine , mepi 
vacaine , prilocaine , trimecaine , and a combination thereof . 
In some embodiments , the amino - ester anesthetic is selected 
from the group consisting of an aminobenzoic acid ester 
anesthetic , a benzoic acid ester anesthetic , and a combina 
tion thereof . In some embodiments , the aminobenzoic acid 
ester anesthetic is selected from the group consisting of 
benzocaine , butacaine , butamben , chloroprocaine , dime 
thocaine , lucaine , meprylcaine , metabutethamine , metabu 
toxycaine , nitracaine , orthocaine , propoxycaine , procaine , 
proxymetacaine , risocaine , tetracaine , and a combination 
thereof . In some embodiments , the benzoic acid ester anes 
thetic is selected from the group consisting of amylocaine , 
cocaine , cyclomethycaine , a - eucaine , B - eucaine , hexyl 
caine , isobucaine , piperocaine , and a combination thereof . In 
some embodiments , the snake venom or the lizard venom is 
selected from the group consisting of notexin , cardiotoxin , 
bungarotoxin , and a combination thereof . In some embodi 
ments , the divalent cation is selected from the group con 
sisting of Ba2 + , Sr2 + , Mg2 + , Ca2 + , Mn2 + , Ni2 + , Co2 + , a salt 
thereof , and a combination thereof . 
[ 0040 ] In some embodiments , the PGE2 compound is 
PGE2 and the myotoxin is bupivacaine . In some embodi 
ments , the PGE2 compound and the myotoxin are admin 
istered concomitantly . In some embodiments , the PGE2 

painy . 
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of a nerve injury , repair of a nerve injury , or any combination 
thereof . In some embodiments , the surgical procedure com 
prises cutting a muscle , repairing a muscle , or both . In some 
embodiments , the subject receives the surgical procedure 
before administration of the PGE2 compound and the myo 
toxin . In some embodiments , the subject receives the sur 
gical procedure at the same time as administration of the 
PGE2 compound and the myotoxin . In some embodiments , 
the subject receives the surgical procedure after administra 
tion of the PGE2 compound and the myotoxin . In some 
embodiments , the nerve injury is a peripheral nerve injury . 
In some embodiments , the surgical procedure comprises a 
carpal tunnel release procedure . In some embodiments , 
treating the subject results in an improvement in muscle 
strength , muscle coordination , or both , in the subject . 
[ 0045 ] Described herein is a method for preventing or 
treating a muscle condition in a subject in need thereof , the 
method comprising administering a prostaglandin E2 
( PGE2 ) receptor agonist to the subject . In some embodi 
ments , the PGE2 receptor agonist comprises a compound of 
Formula ( I ) , a derivative thereof , a pharmaceutically accept 
able salt thereof , a solvate thereof , a stereoisomer thereof , or 
a combination thereof , 

Formula ( I ) 

compound and the myotoxin are administered sequentially . 
In some embodiments , the PGE2 compound is administered 
before the myotoxin . In some embodiments , the PGE2 
compound is administered after the myotoxin . In some 
embodiments , administering the PGE2 compound , the myo 
toxin , or both , comprises topical , oral , intraperitoneal , intra - 
muscular , intra - arterial , intradermal , subcutaneous , intrave 
nous , or intracardiac administration . In some embodiments , 
administering comprises intramuscular administration . In 
some embodiments , a dose of the PGE2 compound , the 
myotoxin , or both , is determined based upon a target muscle 
size . In some embodiments , the target muscle is an abductor 
pollicis brevis muscle and the dose of the PGE2 compound , 
the myotoxin , or both , is about 10 ug . 
[ 0041 ] In some embodiments , the method further com 
prises subjecting a target muscle to mechanical injury . In 
some embodiments , the mechanical injury comprises cut 
ting , burning , freezing , needle puncture , exercise , a surgical 
procedure , traumatic injury , or a combination thereof . 
[ 0042 ] In some embodiments , the method further com 
prises administering a population of isolated muscle cells to 
the subject . In some embodiments , the population of isolated 
muscle cells is autologous to the subject . In some embodi 
ments , the population of isolated muscle cells is allogeneic 
to the subject . In some embodiments , the population of 
isolated muscle cells is purified . In some embodiments , the 
population of isolated muscle cells is cultured with the 
PGE2 compound , the myotoxin , or both , prior to being 
administered to the subject . In some embodiments , culturing 
the population of isolated muscle cells with the PGE2 
compound , the myotoxin , or both , comprises acute , inter 
mittent , or continuous exposure of the population of isolated 
muscle cells to the PGE2 compound , the myotoxin , or both . 
In some embodiments , the population of isolated muscle 
cells comprises injecting or transplanting the cells into the 
subject . In some embodiments , administration of the popu 
lation of isolated muscle cells and administration of the 
PGE2 compound and the myotoxin are performed concomi 
tantly . In some embodiments , administration of the popula 
tion of isolated muscle cells and administration of the PGE2 
compound and the myotoxin are performed sequentially . 
[ 0043 ] In some embodiments , the muscle condition is 
associated with muscle damage , injury , atrophy , or any 
combination thereof . In some embodiments , the muscle 
condition is selected from the group consisting of traumatic 
injury , acute muscle injury , acute nerve injury , chronic nerve 
injury , soft tissue hand injury , carpal tunnel syndrome 
( CTS ) , Duchenne muscular dystrophy ( DMD ) , Becker mus 
cular dystrophy , limb girdle muscular dystrophy , amyo 
trophic lateral sclerosis ( ALS ) , distal muscular dystrophy 
( DD ) , inherited myopathies , myotonic muscular dystrophy 
( MDD ) , mitochondrial myopathies , myotubular myopathy 
( MM ) , myasthenia gravis ( MG ) , congestive heart failure , 
periodic paralysis , polymyositis , rhabdomyolysis , dermato 
myositis , cancer cachexia , AIDS cachexia , cardiac cachexia , 
stress induced urinary incontinence , sarcopenia , spinal mus 
cular atrophy , fecal sphincter dysfunction , Bell ' s palsy , 
rotator cuff injury , spinal cord injury , hip replacement , knee 
replacement , wrist fracture , and diabetic neuropathy . 
[ 0044 ] In some embodiments , the PGE2 receptor agonist 
and the myotoxin are administered immediately after the 
traumatic injury . In some embodiments , the subject receives 
a surgical procedure . In some embodiments , the surgical 
procedure is for the prevention of a nerve injury , reduction 

[ 0046 ] wherein ring Ais a substituted 4 - to 6 - membered 
cycloalkyl ring or a substituted 4 - to 6 - membered 
cycloalkenyl ring that comprises substituents R and R ? 
that are independently selected from the group consist 
ing of substituted C - C10 alkyl and substituted C2 - C10 
alkenyl , and ring A further comprises one or more 
additional substituents . 

[ 0047 ] In some embodiments , A is a substituted cyclopen 
tyl ring or a substituted cyclopentenyl ring . In some embodi 
ments , the one or more additional substituents on ring A are 
selected from the group consisting of deuterium , hydroxy , 
amino , oxo , C1 - C , alkyl , and halogen . In some embodi 
ments , the one or more additional substituents on ring A are 
hydroxy or oxo . In some embodiments , ring A has two 
additional substituents that are taken together to form a 
covalent bond to form a heterocycloalkyl ring . 

[ 0048 ] In some embodiments , ring A is selected from the 
group consisting of 

HOR HO DAX 
R2 , 
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- continued HO HOR - ????? OH and 
R2 , and 

HO 

OH . 

[ 0049 ] In some embodiments , ring A is selected from the 
group consisting of 

HQ R R [ 0056 ] In some embodiments , Rl is 

R2 , and 

H? 
?? . 

[ 0050 ] In some embodiments , ring A is 

[ 0057 ] In some embodiments , R2 is substituted C - C10 
alkyl . In some embodiments , R ? is substituted C2 - C10 alk 
enyl . In some embodiments , the substituent on R2 is selected 
from the group consisting of deuterium , hydroxy , oxo , C , - C . 
alkyl , COOR " , and halogen , wherein Rº is hydrogen or 
CZ - C6 alkyl . In some embodiments , R² is selected from the 
group consisting of 

PL 

OH 

OH 

[ 0051 ] In some embodiments , Rl is substituted C . - C10 
alkyl . 
[ 0052 ] In some embodiments , Rl is substituted C2 - C10 
alkenyl . 

[ 0053 ] In some embodiments , the substituent on Rl is 
selected from the group consisting of deuterium , hydroxy , 
oxo , C . - C . alkyl , — COOR " , and halogen , wherein R3 is 
hydrogen or C - Co alkyl . 
[ 0054 ] In some embodiments , Rl is selected from the 
group consisting of 

OH 

m 

and 
IM Yah OH and 

mm 
OH . 

[ 0055 ] In some embodiments , R ' is selected from the 
group consisting of 

[ 0058 ] In some embodiments , R2 is selected from the 
group consisting of 
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OH 

and 

HO . 

[ 0059 ] In some embodiments , R2 is 

man 
or 

HO . 

nnnnnn 
OH 

?? . 

[ 0060 ] In some embodiments , the compound of Formula 
( I ) , the pharmaceutically acceptable salt thereof , the solvate 
thereof , or the stereoisomer thereof is a compound of 
Formula ( la ) , Formula ( Ib ) , Formula ( Ic ) , or Formula ( Id ) , or 
a pharmaceutically acceptable salt , solvate , or stereoisomer 
thereof : 

OH 

Formula ( la ) 

Formula ( Ib ) RRRR Formula ( Ic ) 
and 

Formula ( Id ) 

[ 0061 ] In some embodiments , the compound of Formula 
( I ) , the pharmaceutically acceptable salt thereof , the solvate 
thereof , or the stereoisomer thereof is a compound of 
Formula ( Id ) , or a pharmaceutically acceptable salt , solvate , 
or stereoisomer thereof . 
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0062 ] In some embodiments , the PGE2 receptor agonist 
comprises PGE2 , 16 , 16 - dimethyl prostaglandin E2 , or both . 
[ 0063 ] In some embodiments , the method further com 
prises administering a myotoxin to the subject . In some 
embodiments , the myotoxin is selected from the group 
consisting of an anesthetic , a divalent cation , snake venom , 
lizard venom , bee venom , and a combination thereof . In 
some embodiments , the anesthetic is selected from the group 
consisting of an amino - amide anesthetic , an amino - ester 
anesthetic , and a combination thereof . In some embodi 
ments , the amino - amide anesthetic is selected from the 
group consisting of bupivacaine , levobupivacaine , articaine , 
ropivacaine , butanilicaine , carticaine , dibucaine , etidocaine , 
lidocaine , mepivacaine , prilocaine , trimecaine , and a com 
bination thereof . In some embodiments , the amino - ester 
anesthetic is selected from the group consisting of an 
aminobenzoic acid ester anesthetic , a benzoic acid ester 
anesthetic , and a combination thereof . In some embodia 
ments , the aminobenzoic acid ester anesthetic is selected 
from the group consisting of benzocaine , butacaine , butam 
ben , chloroprocaine , dimethocaine , lucaine , meprylcaine , 
metabutethamine , metabutoxycaine , nitracaine , orthocaine , 
propoxycaine , procaine , proxymetacaine , risocaine , tetra 
caine , and a combination thereof . In some embodiments , the 
benzoic acid ester anesthetic is selected from the group 
consisting of amylocaine , cocaine , cyclomethycaine , a - eu 
caine , ß - eucaine , hexylcaine , isobucaine , piperocaine , and a 
combination thereof . In some embodiments , the snake 
venom or the lizard venom is selected from the group 
consisting of notexin , cardiotoxin , bungarotoxin , and a 
combination thereof . In some embodiments , the divalent 
cation is selected from the group consisting of Ba2 + , Sr2 + , 
Mg2 + , Ca2 + , Mn2 + , Ni2 + , Co2 + , a salt thereof , and a combi 
nation thereof . In some embodiments , the PGE2 receptor 
agonist is PGE2 , 16 , 16 - dimethyl prostaglandin E2 , or both , 
and the myotoxin is bupivacaine . 
10064 ) In some embodiments , the method further com 
prises subjecting a target muscle to mechanical injury . In 
some embodiments , the mechanical injury comprises cut 
ting , burning , freezing , needle puncture , exercise , a surgical 
procedure , traumatic injury , or a combination thereof . 
[ 0065 ] In some embodiments , the method further com 
prises administering a population of isolated muscle cells to 
the subject . In some embodiments , the population of isolated 
muscle cells is autologous to the subject . In some embodi 
ments , the population of isolated muscle cells is allogeneic 
to the subject . In some embodiments , the population of 
isolated muscle cells is purified . In some embodiments , the 
population of isolated muscle cells is cultured with the 
PGE2 receptor agonist prior to being administered to the 
subject . In some embodiments , culturing the population of 
isolated muscle cells with the PGE2 compound comprises 
acute , intermittent , or continuous exposure of the population 
of isolated muscle cells to the PGE2 compound . In some 
embodiments , administering the population of isolated 
muscle cells comprises injecting or transplanting the cells 
into the subject . In some embodiments , administration of the 
population of isolated muscle cells and administration of the 
PGE2 receptor agonist are performed concomitantly . In 
some embodiments , administration of the population of 
isolated muscle cells and administration of the PGE2 recep 
tor agonist are performed sequentially . 
10066 ] In some embodiments , the muscle condition is 
associated with muscle damage , injury , atrophy , or any 

combination thereof . In some embodiments , the muscle 
condition is selected from the group consisting of traumatic 
injury , acute muscle , acute nerve injury , chronic nerve 
injury , soft tissue hand injury , carpal tunnel syndrome 
( CTS ) , Duchenne muscular dystrophy ( DMD ) , Becker mus 
cular dystrophy , limb girdle muscular dystrophy , amyo 
trophic lateral sclerosis ( ALS ) , distal muscular dystrophy 
( DD ) , inherited myopathies , myotonic muscular dystrophy 
( MDD ) , mitochondrial myopathies , myotubular myopathy 
( MM ) , myasthenia gravis ( MG ) , congestive heart failure , 
periodic paralysis , polymyositis , rhabdomyolysis , dermato 
myositis , cancer cachexia , AIDS cachexia , cardiac cachexia , 
stress induced urinary incontinence , sarcopenia , spinal mus 
cular atrophy , fecal sphincter dysfunction , Bell ' s palsy , 
rotator cuff injury , spinal cord injury , hip replacement , knee 
replacement , wrist fracture , and diabetic neuropathy . 
[ 0067 ] In some embodiments , the PGE2 receptor agonist 
is administered immediately after the traumatic injury . 
f0068 ] In some embodiments , the subject receives a sur 
gical procedure . In some embodiments , the surgical proce 
dure is for the prevention of a nerve injury , reduction of a 
nerve injury , repair of a nerve injury , or any combination 
thereof . In some embodiments , the surgical procedure com 
prises cutting a muscle , repairing a muscle , or both . In some 
embodiments , the subject receives the surgical procedure 
before administration of the PGE2 receptor agonist . In some 
embodiments , the subject receives the surgical procedure at 
the same time as administration of the PGE2 receptor 
agonist . In some embodiments , the subject receives the 
surgical procedure after administration of the PGE2 receptor 
agonist . In some embodiments , the nerve injury is a periph 
eral nerve injury . In some embodiments , the surgical pro 
cedure comprises a carpal tunnel release procedure . In some 
embodiments , no anesthetic is administered to the subject . 
100691 . Described herein is a kit for promoting muscle 
regeneration in a subject in need thereof , increasing muscle 
mass in a subject in need thereof , or both , or for preventing 
or treating a muscle condition in a subject in need thereof , 
the kit comprising a composition described herein or a 
pharmaceutical composition described herein . In some 
embodiments , the subject has a muscle condition . In some 
embodiments , the muscle condition is associated with 
muscle damage , injury , atrophy , or any combination thereof . 
In some embodiments , muscle condition is selected from the 
group consisting of traumatic injury ( e . g . , acute muscle 
trauma , acute nerve trauma ) , acute muscle injury , acute 
nerve injury , chronic nerve injury , soft tissue hand injury , 
carpal tunnel syndrome ( CTS ) , Duchenne muscular dystro 
phy ( DMD ) , Becker muscular dystrophy , limb girdle mus 
cular dystrophy , amyotrophic lateral sclerosis ( ALS ) , distal 
muscular dystrophy ( DD ) , inherited myopathies , myotonic 
muscular dystrophy ( MDD ) , mitochondrial myopathies , 
myotubular myopathy ( MM ) , myasthenia gravis ( MG ) , con 
gestive heart failure , periodic paralysis , polymyositis , rhab 
domyolysis , dermatomyositis , cancer cachexia , AIDS 
cachexia , cardiac cachexia , stress induced urinary inconti 
nence , sarcopenia , spinal muscular atrophy , fecal sphincter 
dysfunction , Bell ' s palsy , rotator cuff injury , spinal cord 
injury , hip replacement , knee replacement , wrist fracture , 
and diabetic neuropathy . 
[ 0070 ] In some embodiments , the kit further comprises 
isolated muscle cells . In some embodiments , the kit further 
comprises instructions for use . In some embodiments , the kit 
further comprises one or more reagents . In some embodi 



US 2019 / 0167695 A1 Jun . 6 , 2019 

ments , the kit further comprises a delivery device for admin 
istering the composition , pharmaceutical composition , iso 
lated muscle cells , or any combination thereof , to the 
subject . 
[ 0071 ] Described herein is a method for treating a pelvic 
floor disorder in a subject in need thereof , the method 
comprising administering a combination of a PGE2 com 
pound and a myotoxin to the subject . In some embodiments , 
the administering comprises administering the combination 
of a PGE2 compound and a myotoxin to a pelvic floor 
muscle of the subject . In some embodiments , the pelvic floor 
muscle is the levator ani , the coccygeus muscle , or both . In 
some embodiments , the levator ani comprises the pubococ 
cygeus muscle , the iliococcygeus muscle , the puborectalis 
muscle , or a combination thereof . In some embodiments , the 
pelvic floor disorder is selected from the group consisting of 
stress urinary incontinence , overactive bladder / urinary 
urgency incontinence , mixed urinary incontinence , pelvic 
organ prolapse , and fecal incontinence . In some embodi 
ments , the method further comprises administering a therapy 
suitable to treat , prevent , or ameliorate symptoms associated 
with pelvic floor disorders to the subject . In some embodi 
ments , the additional therapy is selected from the group 
consisting of muscle training / biofeedback , neuromodula 
tion , pharmacotherapy , surgery , and a combination thereof . 
[ 0072 ] Described herein is a method for treating an ocular 
disease or disorder in a subject in need thereof , the method 
comprising administering a combination of a PGE2 com 
pound and a myotoxin to the subject . In some embodiments , 
the ocular disease or disorder comprises impaired eyelid 
function . In some embodiments , the administering com 
prises administering the combination of a PGE2 compound 
and a myotoxin to an eyelid muscle of the subject . In some 
embodiments , the eyelid muscle is selected from the group 
consisting of Muller ' s muscle , ocipitofrontalis muscle , tem 
poroparietalis muscle , procerus muscle , nasalis muscle , 
depressor septi nasi muscle , orbicularis oculi muscle , cor 
rugator supercilii muscle , depressor supercilii muscle , ante 
rior auricular muscles , superior auricular muscle , posterior 
auricular muscle , orbicularis oris muscle , depressor anguli 
oris muscle , risorius , zygomaticus major muscle , zygomati 
cus minor muscle , levator labii superioris , levator labii 
superioris alaeque nasi muscle , depressor labii inferioris 
muscle , levator anguli oris , buccinator muscle , mentalis , 
frontalis muscle , and a combination thereof . In some 
embodiments , the impaired eyelid function is selected from 
the group consisting of eyelid drooping , ptosis , dermatocha 
lasis , and a combination thereof . In some embodiments , the 
method further comprises , prior to , during , or after the 
administering , performing eyelift surgery on the subject . In 
some embodiments , the impaired eyelid function is associ 
ated with irregular astigmatism . In some embodiments , the 
ocular disease or disorder is selected from the group con - 
sisting of impaired blinking , wet eye syndrome , dry eye 
syndrome , lacrimal gland atrophy , 7th facial nerve palsy , 
recurring styes , and a combination thereof . In some embodi 
ments , the administering comprises administering the com 
bination of a PGE2 compound and a myotoxin to an eye 
muscle of the subject . In some embodiments , the eye muscle 
is selected from the group consisting of muscle of Riolan , 
Horner ' s muscle , frontalis muscle , ocipitofrontalis muscle , 
temporoparietalis muscle , procerus muscle , nasalis muscle , 
depressor septi nasi muscle , orbicularis oculi muscle , cor 
rugator supercilii muscle , depressor supercilii muscle , ante 

rior auricular muscles , superior auricular muscle , posterior 
auricular muscle , orbicularis oris muscle , depressor anguli 
oris muscle , risorius , zygomaticus major muscle , zygomati 
cus minor muscle , levator labii superioris , levator labii 
superioris alaeque nasi muscle , depressor labii inferioris 
muscle , levator anguli oris , buccinator muscle , mentalis , and 
a combination thereof . In some embodiments , the ocular 
disease or disorder is ectropion or entropion . In some 
embodiments , the administering comprises administering 
the combination of a PGE2 compound and a myotoxin to an 
eye muscle of the subject . In some embodiments , the eye 
muscle is selected from the group consisting of frontalis 
muscle , ocipitofrontalis muscle , temporoparietalis muscle , 
procerus muscle , nasalis muscle , depressor septi nasi 
muscle , orbicularis oculi muscle , corrugator supercilii 
muscle , depressor supercilii muscle , anterior auricular 
muscles , superior auricular muscle , posterior auricular 
muscle , orbicularis oris muscle , depressor anguli oris 
muscle , risorius , zygomaticus major muscle , zygomaticus 
minor muscle , levator labii superioris , levator labii superio 
ris alaeque nasi muscle , depressor labii inferioris muscle , 
levator anguli oris , buccinator muscle , mentalis , and a 
combination thereof . In some embodiments , the method 
further comprises , prior to , during , or after the administer 
ing , performing eyelid surgery on the subject . In some 
embodiments , the eyelid surgery is a lateral tarsal strip 
procedure . In some embodiments , the ocular disease or 
disorder is strabismus or nystagmus . In some embodiments , 
the administering comprises administering the combination 
of a PGE2 compound and a myotoxin to an extraocular 
muscle of the subject . In some embodiments , the extraocular 
muscle is selected from the group consisting of lateral 
rectus , medial rectus , superior rectus , inferior rectus , supe 
rior oblique , inferior oblique , and a combination thereof . In 
some embodiments , the strabismus is associated with any 
one of the following Apert syndrome , cerebral palsy , con 
genital rubella , hemangioma , Incontinentia Pigmenti , Noo 
nan syndrome , Prader - Willi syndrome , retinopathy of pre 
maturity , retinoblastoma , traumatic brain injury , trisomy - 18 , 
botulism , diabetes mellitus , Graves ' disease , Guillain - Barre 
syndrome , injury to an eye , shellfish poisoning , stroke , and 
vision loss from an eye disease or injury . In some embodi 
ments , the nystagmus is associated with any one of the 
following infantile nystagmus syndrome , intake of drugs or 
medications , excessive alcohol consumption , sedating medi 
cine that impairs a function of the labyrinth , head injury , an 
inner ear disorder , stroke , thiamine or vitamin B12 defi 
ciency , and Parkinson ' s disease . In some embodiments , the 
method further comprises , prior to , during , or after the 
administering , performing eye surgery on the subject . In 
some embodiments , the ocular disease or disorder is asso 
ciated with impaired iris function . In some embodiments , the 
administering comprises administering the combination of a 
PGE2 compound and a myotoxin to an iris sphincter muscle 
or an iris dilator muscle of the subject . In some embodi 
ments , the ocular disease or disorder is presbyopia . In some 
embodiments , the administering comprises administering 
the combination of a PGE2 compound and a myotoxin to a 
ciliary muscle of the subject . In some embodiments , the 
ocular disease or disorder is myopia . In some embodiments , 
the administering comprises administering the combination 
of a PGE2 compound and a myotoxin to a ciliary muscle , a 
muscle in the sclera , a muscle around the sclera , an intraocu 
lar muscle , or a combination thereof , of the subject . 
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[ 0073 ] Described herein is a method for treating a mus 
culoskeletal disorder of a subject in need thereof , the method 
comprising administering a combination of a PGE2 com 
pound and a myotoxin to the subject . In some embodiments , 
the musculoskeletal disorder comprises impaired hand func 
tion . In some embodiments , the administering comprises 
administering the combination of a PGE2 compound and a 
myotoxin to a hand muscle of the subject . In some embodi 
ments , the hand muscle is selected from the group consisting 
of abductor pollicis brevis , flexor pollicis brevis , opponens 
pollicis , abductor digiti minimi , flexor digiti minimi brevis , 
opponens digiti minimi , a dorsal interossei muscle , a volar 
interossei muscle , a lumbrical muscle , palmaris brevis , 
adductor pollicis , abductor pollicis longus , extensor pllicis 
brevis , flexor pollicis longus , flexor carpi radialis , flexor 
digitorum profundus , flexor digitorum superficialis , flexor 
carpi ulnaris , extensor carpi radialis longus , extensor carpi 
radialis brevis , extensor indicis , extensor digitorum commu 
nis , extensor digiti minimi , extensor carpi ulnaris , and a 
combination thereof . 
0074 ] In some embodiments , the method further com 
prises , prior to , during , or after the administering , perform 
ing hand surgery on the subject . In some embodiments , the 
musculoskeletal disorder comprises impaired thumb func 
tion . In some embodiments , the administering comprises 
administering the combination of a PGE2 compound and a 
myotoxin to a hand muscle of the subject . In some embodi 
ments , the hand muscle is selected from the group consisting 
of abductor pollicis brevis , opponens pollicis , flexor pollicis 
brevis , and a combination thereof . In some embodiments , 
the impaired thumb function is due to thenar atrophy . 
[ 0075 ] In some embodiments , the method further com 
prises , prior to , during , or after the administering , perform 
ing hand surgery on the subject . In some embodiments , the 
hand surgery is carpal tunnel syndrome surgery . In some 
embodiments , the impaired thumb function is associated 
with cubital tunnel syndrome or thoracic outlet syndrome . 
[ 0076 ] In some embodiments , the musculoskeletal disor 
der comprises impaired foot function . In some embodi 
ments , the administering comprises administering the com 
bination of a PGE2 compound and a myotoxin to a foot 
muscle of the subject . In some embodiments , the foot 
muscle is selected from the group consisting of flexor 
digitorum brevis , abductor hallucis , abductor digiti minimi , 
quadratus plantae , lumbricals , flexor digitorum longus , 
adductor hallucis , flexor hallucis brevis , flexor hallucis 
longus , flexor digiti minimi brevis , dorsal interossei , plantar 
interossei , flexor hallucis medialis , flexor hallucis brevis 
lateralis , adductor hallucis transverse , adductor hallucis 
oblique , and a combination thereof . In some embodiments , 
the impaired foot function is due to plantar fasciitis . In some 
embodiments , the impaired foot function is foot drop . In 
some embodiments , the administering comprises adminis 
tering the combination of a PGE2 compound and a myotoxin 
to a foot muscle or a lower leg muscle of the subject . In some 
embodiments , the foot muscle or lower leg muscle is 
selected from the group consisting of anterior tibialis 
muscle , fibularis tertius , extensor digitorum longus , extensor 
hallucis longus , and a combination thereof . 
[ 0077 ] In some embodiments , the method further com 
prises , prior to , during , or after the administering , perform 
ing surgery on the subject . In some embodiments , the foot 
drop is associated with any one of the following : compres 
sion of a peroneal nerve ; a nerve root injury ; muscular 

dystrophy ; amyotrophic lateral sclerosis ; multiple sclerosis ; 
or stroke . In some embodiments , the musculoskeletal dis 
order is disuse - induced muscle atrophy . In some embodi 
ments , the disuse - induced muscle atrophy is caused by a 
distal radius fracture . In some embodiments , the adminis 
tering comprises administering the combination of a PGE2 
compound and a myotoxin to a hand muscle or lower arm 
muscle of the subject . In some embodiments , the hand 
muscle or lower arm muscle is selected from the group 
consisting of flexor carpi radialis , flexor pollicis longus , 
flexor digitorum superficialis , flexor digitorum profundus , 
flexor carpi ulnaris , extensor carpi radialis brevis , extensor 
carpi radialis longus , extensor pollicis longus , extensor 
digitorum communis , extensor carpi ulnaris , and a combi 
nation thereof . 
[ 0078 ] In some embodiments , the method further com 
prises prior to , during , or after the administering , performing 
surgery on the subject . In some embodiments , the surgery is 
wrist arthroscopy . In some embodiments , the disuse - induced 
muscle atrophy is caused by a hip fracture . In some embodi 
ments , the administering comprises administering the com 
bination of a PGE2 compounds and a myotoxin to a hip 
muscle of the subject . In some embodiments , the hip 
muscles is selected from the group consisting of iliacus , 
psoas major , gluteus maximus , gluteus medius , gluteus 
minimus , tensor fasciae latae , superior gemellus , inferior 
gemellus , obturator internus , obturator externus , quadratus 
femoris , piriformis , adductor magnus , adductor longus , 
adductor brevis , adductor minimus , pectineus , rectus femo 
ris , vastus lateralis , vastus medialis , vastus intermedius , 
quadriceps femoris , Sartorius , biceps femoris , semitendino 
sus , semimembranosus , psoas minor , iliopsoas , gracilis , and 
a combination thereof . 
10079 ] . In some embodiments , the method further com 
prises , prior to , during , or after the administering , perform 
ing surgery on the subject . In some embodiments , the 
surgery is joint arthroplasty . In some embodiments , the 
disuse - induced muscle atrophy is caused by a rotator cuff 
injury . In some embodiments , the administering comprises 
administering the combination of a PGE2 compound and a 
myotoxin to a rotator cuff muscle of the subject . In some 
embodiments , the rotator cuff muscle is selected from the 
group consisting of supraspinatus , infraspinatus , subscapu 
laris , teres minor , and a combination thereof . 
[ 0080 ] Described herein is a method for treating gastroe 
sophageal reflux disease ( GERD ) in a subject in need 
thereof , the method comprising administering a combination 
of a PGE2 compound and a myotoxin to the subject . In some 
embodiments , the administering comprises administering 
the combination of a PGE2 compounds and a myotoxin to a 
crural diaphragm of the subject . 
10081 ] Described herein is a method for treating obstruc 
tive sleep apnea in a subject in need thereof , the method 
comprising administering a combination of a PGE2 com 
pound and a myotoxin to the subject . In some embodiments , 
the administering comprises administering the combination 
of a PGE2 compound and a myotoxin to an upper airway 
muscle of the subject . In some embodiments , the upper 
airway muscle is selected from the group consisting of 
genioglossus , tensor palatine , a geniohyoid muscle , and a 
combination thereof . 
[ 0082 ] Described herein is a method for treating oculopha 
ryngeal muscular dystrophy in a subject in need thereof , the 
method comprising administering a combination of a PGE2 
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compound and a myotoxin to the subject . In some embodi 
ments , the administering comprises administering the com 
bination of a PGE2 compound and a myotoxin to a muscle 
of the upper eyelid or a muscle of the throat . 
[ 0083 ] Described herein is a method for treating diabetic 
neuropathy in a subject in need thereof , the method com 
prising administering a combination of a PGE2 compound 
and a myotoxin to the subject . In some embodiments , the 
administering comprises administering the combination of a 
PGE2 compound and a myotoxin to a small muscle of a foot , 
a lower leg muscle , or an intrinsic muscle of a foot . In some 
embodiments , the PGE2 compound is selected from the 
group consisting of PGE2 , a PGE2 prodrug , a PGE2 recep 
tor agonist , a compound that attenuates PGE2 catabolism , a 
compound that neutralizes PGE2 inhibition , a derivative 
thereof , an analog thereof , and a combination thereof . In 
some embodiments , the PGE2 derivative comprises 16 , 16 
dimethyl prostaglandin E2 . In some embodiments , the com 
pound that attenuates PGE2 catabolism comprises a com 
pound , neutralizing peptide , or neutralizing antibody that 
inactivates or blocks 15 - hydroxyprostaglandin dehydroge 
nase ( 15 - PGDH ) or inactivates or blocks a prostaglandin 
transporter ( PGT or SLCO2A1 ) . In some embodiments , the 
PGE2 compound is PGE2 . In some embodiments , the myo 
toxin is selected from the group consisting of an anesthetic , 
a divalent cation , snake venom , lizard venom , bee venom , 
and a combination thereof . In some embodiments , the anes 
thetic is selected from the group consisting of an amino 
amide anesthetic , an amino - ester anesthetic , and a combi 
nation thereof . In some embodiments , the amino - amide 
anesthetic is selected from the group consisting of bupiva 
caine , levobupivacaine , articaine , ropivacaine , butanilicaine , 
carticaine , dibucaine , etidocaine , lidocaine , mepivacaine , 
prilocaine , trimecaine , and a combination thereof . In some 
embodiments , the amino - ester anesthetic is selected from 
the group consisting of an aminobenzoic acid ester anes 
thetic , a benzoic acid ester anesthetic , and a combination 
thereof . In some embodiments , the aminobenzoic acid ester 
anesthetic is selected from the group consisting of benzo 
caine , butacaine , butamben , chloroprocaine , dimethocaine , 
lucaine , meprylcaine , metabutethamine , metabutoxycaine , 
nitracaine , orthocaine , propoxycaine , procaine , proxymeta 
caine , risocaine , tetracaine , and a combination thereof . In 
some embodiments , the benzoic acid ester anesthetic is 
selected from the group consisting of amylocaine , cocaine , 
cyclomethycaine , a - eucaine , B - eucaine , hexylcaine , isobu 
caine , piperocaine , and a combination thereof . In some 
embodiments , the snake venom or the lizard venom is 
selected from the group consisting of notexin , cardiotoxin , 
bungarotoxin , and a combination thereof . In some embodi 
ments , the divalent cation is selected from the group con 
sisting of Ba2 + , Sr2 + , Mg2 + , Ca2 + , Mn2 + , Ni2 + , Co2 + , a salt 
thereof , and a combination thereof . In some embodiments , 
the PGE2 compound is PGE2 and / or 16 , 16 - dimethyl pros 
taglandin E2 and the myotoxin is bupivacaine . In some 
embodiments , the PGE2 compound and the myotoxin are 
administered concomitantly . In some embodiments , the 
PGE2 compound and the myotoxin are administered sequen 
tially . In some embodiments , the PGE2 compound is admin 
istered before the myotoxin . In some embodiments , the 
PGE2 compound is administered after the myotoxin . In 
some embodiments , administering the PGE2 compound , the 
myotoxin , or both , comprises topical , oral , intraperitoneal , 
intramuscular , intra - arterial , intradermal , subcutaneous , 

intravenous , or intracardiac administration . In some embodi 
ments , administering comprises intramuscular administra 
tion . In some embodiments , wherein a dose of the PGE2 
compound , the myotoxin , or both , is determined based upon 
a target muscle size . In some embodiments , the target 
muscle is an abductor pollicis brevis muscle and the dose of 
the PGE2 compound , the myotoxin , or both , is about 10 ug . 
10084 ] In some embodiments , the method further com 
prises subjecting a target muscle to mechanical injury . In 
some embodiments , the mechanical injury comprises cut 
ting , burning , freezing , needle puncture , exercise , a surgical 
procedure , traumatic injury , or a combination thereof . In 
some embodiments , the method further comprises adminis 
tering a population of isolated muscle cells to the subject . In 
some embodiments , the population of isolated muscle cells 
is autologous to the subject . In some embodiments , the 
population of isolated muscle cells is allogeneic to the 
subject . In some embodiments , the population of isolated 
muscle cells is purified . In some embodiments , the popula 
tion of isolated muscle cells is cultured with the PGE2 
compound , the myotoxin , or both , prior to being adminis 
tered to the subject . In some embodiments , culturing the 
population of isolated muscle cells with the PGE2 com 
pound , the myotoxin , or both , comprises acute , intermittent , 
or continuous exposure of the population of isolated muscle 
cells to the PGE2 compound , the myotoxin , or both . In some 
embodiments , administering the population of isolated 
muscle cells comprises injecting or transplanting the cells 
into the subject . In some embodiments , administration of the 
population of isolated muscle cells and administration of the 
PGE2 compound and the myotoxin are performed concomi 
tantly . In some embodiments , administration of the popula 
tion of isolated muscle cells and administration of the PGE2 
compound and the myotoxin are performed sequentially . 
100851 Other objects , features , and advantages of the pres 
ent invention will be apparent to one of skill in the art from 
the following detailed description and figures . 

BRIEF DESCRIPTION OF THE DRAWINGS 
[ 0086 ] FIG . 1 shows an illustration of the abductor pollicis 
brevis ( APB ) muscle ( left ) . The arrows mark the locations of 
APB atrophy , also shown in the photo on the right . 
[ 0087 ] FIGS . 2A - 2H show that transient PGE2 treatment 
promotes young MuSC proliferation in vitro . FIG . 2A : 
PGE2 levels after young tibialis anterior ( TA ) muscle injury 
( notexin , NTX ) ; controls are uninjured contralateral TAS 
assayed by ELISA ; ( n = 4 mice per time point ) . FIG . 2B : 
Expression of PGE2 synthesizing enzymes ( Ptges2 and 
Ptges ) by MuSCs after notexin injury by RT - qPCR , ( n = 3 
mice per time point ) . FIG . 2C : Increase in MuSC numbers 
after 24 hr treatment with vehicle ( - ) or PGE2 ( 10 ng / ml ) , 
and subsequent culture on hydrogel until day 7 ( acute 
treatment ) ; ( n = 12 mice in 4 independent experiments ) . FIG . 
2D : Increase in MuSC numbers after transient 24 hr treat 
ment with vehicle ( - ) or PGE2 ( 10 ng / ml ) in absence or 
presence of EP4 antagonist ( ONO - AE3 - 208 , 1 uM ) ; ( n = 9 
mice assayed in 3 independent experiments ) . FIGS . 2E - 2G : 
Proliferation of EP4 null MuSCs . EP4 * ( null ) MuSCs were 
transduced with a lentiviral vector encoding GFP / luciferase 
and treated with lentiviral vector encoding Cre ( + Cre ) or 
without ( - Cre ; empty vector ) to delete EP4 alelles . Subse 
quently MuSCs were treated with vehicle ( - ) or PGE2 ( 10 
ng / ml ) for 24 hr and cultured on hydrogels for three days . 
FIG . 2E : Scheme depicting EP4 - null MuSC analysis . FIG . 
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2F : EP4 null MuSC numbers ; ( n = 6 mice in 2 independent 
experiments ) . FIG . 2G : Representative image . Bar = 40 um ; 
GFP , green ; mCherry , red . FIG . 2H : MuSC numbers after 
culture in charcoal stripped medium treated with vehicle ( - ) 
or PGE2 ( 10 ng / ml ) every two days for 7 days on hydrogels ; 
( n = 3 mice with 3 technical replicates ) . * P < 0 . 05 , * * P < 0 . 001 , 
* * * P < 0 . 0005 * * * * P < 0 . 0001 . ANOVA test with Bonferroni 
correction for multiple comparisons ( FIGS . 2A , 2B , 2D , and 
2F ) ; paired t - test ( FIG . 2C ) ; Mann - Whitney test ( FIG . 2H ) . 
Means + s . e . m . n . s . , non - significant . 
10088 ] FIGS . 3A - 3J show an aberrant response of aged 
MuSCs to PGE2 . FIG . 3A : PGE2 levels after aged TA injury 
( notexin , NTX ) ; controls are uninjured contralateral TAS 
assayed by ELISA ; ( n = 4 mice per time point ) . FIG . 3B : 
PGE2 levels in TAs of uninjured young ( n = 7 mice ) and aged 
( n = 5 mice ) mice assayed by ELISA . FIG . 3C : Scheme 
showing PGE2 catabolism via degrading enzyme 15 - PGDH 
to its inactive PGE metabolite , 13 , 14 - dihydro - 15 - keto PGE2 
( PGEM ) . FIG . 3D : Levels of PGEM quantified by mass 
spectrometry ; ( n = 4 mice per age group ) . FIG . 3E : Expres 
sion of PGE2 degrading enzyme 15 - PGDH ( Hpgd ) ; ( n = 3 
mice with 2 technical replicates ) . FIG . 3F : Increase in aged 
MuSC numbers after acute 24 hr treatment with vehicle ( - ) , 
PGE2 ( 10 ng / ml ) or the 15 - PGDH inhibitor , SW033291 ( 1 
uM ; SW ) assayed at day 7 ; ( n = 15 mice in 5 independent 
experiments ) . FIG . 3G : Aged MuSC numbers after culture in 
charcoal stripped medium treated with vehicle ( - ) or PGE2 
( 10 ng / ml ) every two days for 7 days on hydrogels ; ( n = 3 
mice with 3 technical replicates ) . FIG . 3H : Scheme depict 
ing PGE2 effects on MuSCs . PGE2 acts through the EP4 
receptor / cAMP ( cyclic AMP ) signaling pathway to promote 
proliferation . In aged MuSCs , following intracellular trans 
port by PGT ( prostaglandin transporter ) , PGE2 catabolism is 
mediated by 15 - PGDH to the inactive form , PGEM . FIG . 31 : 
Trajectories from a clone of aged MuSCs tracked by time 
lapse microscopy for 48 h in a microwell for control ( left ) 
and after acute treatment with PGE2 ( right ) . The trajectory 
of the original cell and each of its newborn progeny are 
represented by a different color . FIG . 3J : Change in aged 
MuSC live cell counts numbers ) in clones tracked by 
time - lapse microscopy for control ( left , n = 32 clones ) and 
after acute treatment with PGE2 ( right , n = 45 clones ) . The 
proportion of live cells in each generation ( G1 - G6 ) at all 
timepoints is shown as cell number normalized to a starting 
population of 100 single MuSCs . The percent increase in 
live cell count was 4 . 0 % ( control ) and 5 . 4 % ( PGE2 - treated ) 
( top panels ) . Change in aged MuSC dead cell counts ( num 
bers ) in clones tracked by time - lapse microscopy for control 
( left ) and after acute treatment with PGE2 ( right ) . The 
proportion of dead cells in each generation ( G1 - G6 ) at all 
timepoints is shown as cell number normalized to a starting 
population of 100 single MuSCs . The percent increase in 
dead cell count was 1 . 0 % ( control ) and 0 . 1 % ( PGE2 - treated ) 
( bottom panels ) . * P < 0 . 05 , * * P < 0 . 001 , * * * P < 0 . 0005 . 
ANOVA test with Bonferroni correction for multiple com 
parisons ( FIGS . 3A and 3F ) ; Mann - Whitney test ( FIGS . 3B , 
3D , 3E , and 3G ) . Means = s . e . m . n . S . , non - significant . 
[ 0089 ] FIGS . 4A - 4D show that acute PGE2 treatment 
promotes MuSC engraftment and regeneration in vivo . FIG . 
4A : Engraftment of cultured GFP / luc - labeled young MuSCs 
( 250 cells ) isolated from transgenic mice after acute treat 
ment with vehicle ( - ) or PGE2 as described in FIG . 2C . 
Transplant scheme ( top ) . Non - invasive bioluminescence 
imaging ( BLI ) signal measured as radiance for each TA ; 

( n = 5 mice per condition ) ( bottom ) . FIG . 4B : Engraftment of 
GFP / luc - labeled EP4 * MUSCs ( 1 , 000 cells ) treated with Cre 
( + Cre ) or without ( - Cre ; empty vector ) in culture to delete 
EP 4 alelles . EP41 MuSCs were transduced with a lentiviral 
vector encoding GFP / luciferase for BLI . Transplant scheme 
( top ) . BLI signals post - transplant ( n = 5 mice per condition 
( bottom ) . FIG . 4C : Engraftment of freshly sorted GFP / luc 
labeled young MuSCs ( 250 cells ) coinjected with vehicle ( - ) 
or dmPGE2 . Transplant scheme ( top ) . BLI signals post 
transplant ; ( n = 4 and n = 5 mice for vehicle and dmPGE2 
treated , respectively ) . FIG . 4D : Engraftment of GFP / luc 
labeled aged MuSCs ( 250 cells ) coinjected with vehicle ( - ) 
or dmPGE2 ; ( n = 3 mice per condition ) ( bottom ) . Aged 
MuSCs were transduced with a lentiviral vector encoding 
GFP / luciferase for BLI . Transplant scheme ( top ) . BLI sig 
nals post - transplant expressed as average radiance ( p s - 1 
cm - sr - ' ) . Representative BLI images for each condition . 
Bar = 5 mm ( FIGS . 4A - 4D ) . Data are representative of two 
independent experiments . * P < 0 . 05 , * * P < 0 . 001 and * * * P < 0 . 
0005 . ANOVA test for group comparisons and significant 
difference for endpoints by Fisher ' s test . Means + s . e . m . 
[ 0090 ] FIGS . 5A - 5R show that intramuscular injection of 
PGE2 alone promotes MuSC expansion , improves regen 
eration , and increases force . Young : ( FIGS . 5A - 5D ) TA 
muscles of young mice were injected with vehicle ( - ) or 
dmPGE2 48 hr post - cardiotoxin ( CTX ) injury ; ( n = 3 mice 
per condition ) . FIG . 5A : Scheme of experimental procedure 
( top ) . Representative TA cross - section ( bottom ) with nuclei 
( DAPI ; blue ) , LAMININ ( green ) and PAX7 ( red ) staining 
14 days after cardiotoxin injury . Arrowheads indicate 
PAX7 + MuSCs . Bar = 40 um . FIG . 5B : Increase in endog 
enous MuSCs by immunofluorescence of PAX7 expressing 
satellite cells per 100 fibers in cross - sections of TAs from 
young mice . FIG . 5C : Myofiber cross - sectional areas ( CSA ) 
in vehicle ( - , open white bar ) and dmPGE2 treated ( filled 
blue bar ) young TAs quantified using the Baxter Algorithms 
for Myofiber Analysis . FIG . 5D : Distribution of small ( < 1 , 
000 um ? CSA ) and large ( > 1 , 000 um ? CSA ) myofibers . 
( FIGS . 5E - 5G ) Increase in endogenous MuSCs assayed by 
Pax7 - luciferase . Pax7CreERT2 ; Rosa26 - LSL - Luc mice were 
treated intraperitoneally with tamoxifen ( TAM ) , TAs sub 
jected to cardiotoxin ( CTX ) injury , injected with vehicle ( - ) 
or dm PGE2 3 days later and monitored by BLI ; ( n = 3 mice 
per condition ) . FIG . 5E : Scheme of experimental procedure . 
FIG . 5F : BLI ( n = 3 mice per condition ) . FIG . 5G : Repre 
sentative BLI image . Bar = 5 mm . Aged : ( FIGS . 5H - 5K ) TAS 
of aged mice were treated in vivo with vehicle ( - ) or 
dmPGE2 treatment 48 hr post - cardiotoxin ( CTX ) injury ; 
( n = 3 mice per condition ) . FIG . 5H : Scheme of experimental 
procedure ( top ) . Representative TA cross - section ( bottom ) 
with nuclei ( DAPI ; blue ) , LAMININ ( green ) and PAX7 ( red ) 
staining 14 days after cardiotoxin injury . Arrowheads indi 
cate PAX7 * muscle stem cells . Bar = 40 um . FIG . 51 : Increase 
in endogenous MuSCs as in FIG . 5B for aged mice . FIG . 5J : 
Myofiber cross - sectional area ( CSA ) as in FIG . 5C for aged 
TAs . FIG . 5K : Distribution of CSA as in FIG . 5D for aged 
TAS . ( FIGS . 5L - 5P ) Increase in strength in aged mice 
measured in vivo as muscle contractile force after downhill 
treadmill run . Mice were subject to a 20º downhill treadmill 
run for 2 consecutive weeks and force was assayed at week 
5 . During the first week , medial and lateral gastrocnemius 
( GA ) of aged mice were injected either with vehicle ( - ) or 
dmPGE2 . n = 10 or 8 biological replicates for vehicle ( - ) 
treated or dmPGE2 treated , respectively , with 5 technical 
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replicates each . FIG . 5L : Experimental scheme . Represen 
tative twitch force ( FIG . 5M ) and tetanic force ( FIG . 5N ) . 
Specific muscle twitch forces ( FIG . 50 ) and specific muscle 
tetanic force ( FIG . 5P ) were calculated by normalizing force 
to physiological cross sectional areas ( PCSA ) . Paired t - test 
( FIGS . 5B , 5D , 51 and 5K ) ; ANOVA test for group com 
parison and significant difference for the endpoint by Fish 
er ' s test ( FIG . 5F ) ; Mann - Whitney test ( FIGS . 50 and 5P ) . 
* P < 0 . 05 , * * P < 0 . 001 and * * * * P < 0 . 0001 . Means + s . e . m . FIG . 
50 : Muscle twitch forces in aged mice that were adminis 
tered PGE2 or vehicle only . FIG . 5R : Muscle tetanic force 
in mice that were administered PGE2 or vehicle only . 
[ 0091 ] FIGS . 6A - 6K show that PGE2 promotes MuSC 
expansion . FIG . 6A : PGE2 levels day 3 after cryoinjury for 
tibialis anterior ( TA ) hindlimb muscles of young mice 
compared to contralateral uninjured controls as assayed by 
ELISA ; ( n = 4 mice per time point per condition ) . FIG . 6B : 
Representative image of dividing muscle stem cells 
( MuSCs ) labelled with EdU ( red ) during 1 hr after treatment 
with PGE2 ( 10 ng / ml ) for 24 h ( do to dl ) or vehicle ( - ) , and 
stained for MYOGENIN ( green ) . Bar represents 40 um . 
FIG . 6C : Percentage of dividing MuSCs labeled with EDU 
as in ( b ) ; ( n = 6 mice with 3 technical replicates in two 
independent experiments ) . FIG . 6D : Increase in prolifera 
tion measured by the metabolic viability assay Vision Blue 
after treatment with vehicle ( - ) or indicated doses of PGE2 
( 1 - 200 ng / ml ) ; ( n = 6 mice with 3 technical replicates in two 
independent experiments ) . FIG . 6E : Expression of prosta 
glandin receptors ( Ptger 1 - 4 ) by MuSCs after 24 hr treat 
ment with vehicle ( - ) or PGE2 ; ( n = 3 mice with 2 technical 
replicates ) . FIG . 6F : Increase in CAMP levels in MuSCs 
after 1 hr PGE2 treatment relative to untreated controls ( - ) ; 
( n = 6 mice with 3 technical replicates assayed in 2 indepen 
dent experiments ) . FIGS . 6G - 6H : Expression of Pax7 ( FIG . 
6G ) and Myogenin ( FIG . 6H ) by MuSCs after 24 hr treat 
ment with vehicle ( - ) or PGE2 ; ( n = 3 mice with 2 technical 
replicates ) . FIGS . 61 - 6J : EP4 " MuSCs were transduced with 
a lentiviral vector encoding GFP / luciferase and treated with 
lentiviral vector encoding Cre ( + Cre ) or without ( - Cre ; 
empty vector ) to delete EP4 alelles . Bar graphs show per 
centage of + Cre MuSCs ( FIG . 61 ) and GFP / Luc + MuSCs 
( FIG . 61 ) . FIG . 6K : Representative image of MuSCs in 
hydrogel culture after 7 days in myoblast medium contain 
ing charcoal stripped fetal bovine supplemented with vehicle 
( - ) or PGE2 ( 10 ng / ml ) every two days . Bar represents 40 
um . * P < 0 . 05 , * * P < 0 . 001 , * * * P < 0 . 0005 . Paired t - test ( FIGS . 
6A , 6E , 6G , and 6H ) ; Mann - Whitney test ( FIG . 6C ) . 
Means + s . e . m . n . s . , non - significant . 
[ 0092 ] FIGS . 7A - 7C show mass spectrometry analysis of 
young and aged muscle to detect prostaglandins and PGE2 
metabolites . FIG . 7A : Chemical structures , chemical for 
mula , exact mass and molecular weight of analyzed prosta 
glandins ( PGE2 , PGF2a and PGD2 ) and PGE2 metabolites 
( 15 - keto PGE2 and 13 , 14 - dihydro - 15 - keto PGE2 ) . The 
internal standards PGF2a - D9 and PGE2 - D9 were added to 
all composite standards . FIG . 7B : Calibration lines for liquid 
chromatography - electrospray ionization - tandem mass spec 
trometry ( LC - ESI - MS / MS ) analysis were prepared by dilut 
ing stock solutions to final concentrations of 0 . 1 ng / ml to 
500 ng / ml . Standard curve equations and correlation coef 
ficients are shown for each standard . FIG . 7C : Representa 
tive chromatogram . The separate peaks show excellent chro 
matographic resolution of the analyzed prostaglandins and 
their metabolites . cps , counts per second . 

[ 0093 ] FIGS . 8A - 8G show that aged MuSCs increase 
proliferation and cell survival in response to PGE2 treat 
ment . FIGS . 8A - 8C : mRNA levels measured by qRT - PCR 
were normalized to Gapdh for young and aged MuSCs ; ( n = 3 
mice with 2 technical replicates ) . FIG . 8A : Prostaglandin 
transporter ( PGT ) encoded by the Slco2al gene . FIG . 8B : 
PGE2 synthesizing enzymes , Ptges and Ptges2 . FIG . 8C : 
EP1 - 4 receptors encoded by the genes Ptger 1 - 4 . FIG . 8D : 
Pax7 mRNA levels in MuSCs after 24 hr treatment with 
vehicle ( - ) or PGE2 treatment ; ( n = 3 mice with 2 technical 
replicates ) . FIG . 8E : Single aged MuSC clones tracked by 
time - lapse microscopy after acute treatment with vehicle ( - ; 
top ) or PGE2 ( bottom ) . For each clone the resulting number 
of live ( open bar ) and dead ( black bar ) cells after 48 h 
timelapse tracking is shown . FIG . 8F : Proliferation curve of 
tracked live aged MuSCs assessed by time - lapse microscopy 
for vehicle ( - ) or transient PGE2 treatment during 48 h . FIG . 
8G : Flow cytometry analysis of apoptotic Annexin V + on 
aged MuSCs after 24 hr treatment with vehicle ( - ) or PGE2 
and analyzed 7 days later after growth on hydrogels ; ( n = 9 
mice in 3 independent experiments ) . Mann - Whitney test 
( FIGS . 8A - 8D ) and paired t - test ( FIG . 8G ) at a = 0 . 05 . 
Means + s . e . m . n . s . , non - significant . 
[ 0094 ] FIGS . 9A - 9B show Baxter Algorithms for Myofi 
ber Analysis of muscle cross - sectional area . FIG . 9A : Rep 
resentative cross - sectional images of tibialis anterior myo 
fibers of young mice treated in vivo with vehicle ( - ) or 
PGE2 48 hr post - cardiotoxin ( CTX ) injury . Images show 
staining with LAMININ , green and DAPI , blue . FIG . 9B : 
The corresponding segmentation images from FIG . 9A 
analyzed by the Baxter Algorithms for Myofiber Analysis to 
determine the cross sectional area ( CSA ) of transverse 
sections of myofibers ( bottom ) at day 14 post - injury . Bar 
represents 40 um . 
[ 0095 ] FIGS . 10A - 10G show that deletion of PGE2 recep 
tor EP4 in MuSCs decreases regeneration and force of 
skeletal muscle after injury . Tibialis anteriors ( TAS ) of 
Pax7 - specific EP4 conditional knockout mice ( Pax7 CreERT2 ; 
EP41 ) treated with tamoxifen were assayed at 6 ( FIGS . 
10C - 10D ) , 21 ( FIGS . 10B and 10E ) , and 14 ( FIGS . 10F and 
10G ) days post - notexin injury ; ( n = 3 mice per condition ) . 
FIG . 10A : Experimental scheme . FIG . 10B : Expression of 
Ptger4 ( EP4 receptor ) in sorted MuSCs ( a + CD34 + lin - ) 
from control or EP4 KO mice post - injury . FIG . 10C : Rep 
resentative TÀ cross - section . DAPI , blue ; Embryonic Myo 
sin Heavy Chain ( eMyHC ) , red . Bar = 40 um . FIG . 10D : 
Percentage of eMyHC + fibers . FIG . 10E : Myofiber cross 
sectional areas ( CSA ) in control and Pax7 - specific EP4 
knockout TAs . FIG . 10F : Muscle twitch forces and ( FIG . 
10G ) muscle tetanic force at day 14 post - notexin injury . 
Mann - Whitney test ( FIGS . 10B , 10C , 10F , and 10G ) ; 
ANOVA test for group comparison and significant difference 
for each bin by Fisher ' s test ( FIG . 10E ) . * P < 0 . 05 , * * * P < 0 . 
0005 , and * * * * P < 0 . 0001 . Means + s . e . m . 
[ 0096 ] FIGS . 11A - 11C show that blockage of endogenous 
PGE2 signaling in muscle at an early time point of regen 
eration reduces regeneration and force . Endogenous MuSCs 
assayed in Pax7CreER72 ; Rosa26 - LSL - Luc mice treated with 
tamoxifen ( TAM ) by non - invasive bioluminescence imag 
ing ( BLI ) after injection with vehicle ( - ) or NSAID ( Indo 
methacin ) post - cardiotoxin injury into the Tibialis anterior 
( TA ) ; ( n = 3 mice per condition ) . FIG . 11A : Experimental 
scheme . FIG . 11B : BLI ; ( n = 3 mice per condition ) . FIG . 11C : 
Muscle twitch forces at day 14 post - notexin injury ( n = 8 for 



US 2019 / 0167695 A1 Jun . 6 , 2019 
15 

vehicle - treated and 10 for NSAID - treated ) . ANOVA test for 
group comparison and significant difference for the endpoint 
by Fisher ' s test ( FIG . 11B ) . Mann - Whitney test ( FIG . 11C ) . 
* P < 0 . 05 , * * P < 0 . 001 , * * * P < 0 . 0005 , and * * * * P < 0 . 0001 . 
Means + s . e . m . 
[ 0097 ] FIGS . 12A - 12K show that a transient increase in 
PGE2 in damaged muscle tissues accelerates MuSC prolif 
eration . FIG . 12A : Expression of Ptger4 in freshly isolated 
muscle stem cells ( MuSCs from uninjured mouse 
hindlimbs ( Fresh MuSCs ) , MuSCs cultured for two days on 
hydrogels ( Cultured MuSCs ) , primary myoblasts cultured in 
growth medium ( Myoblasts GM ) and differentiating pri 
mary myoblasts cultured in differentiation medium for 24 hr 
( Myoblasts DM ) ( n = 3 biological replicates per condition ) . 
FIG . 12B : PGE2 levels assayed by ELISA after tibialis 
anterior ( TA ) muscle injury with notexin ; ( n = 4 mice per 
condition measured ) . Control refers to the contralateral 
uninjured leg . FIG . 12C : Representative TA cross - sections 
of 3 and 6 days post - notexin injury . DAPI , blue ; LAMININ , 
white ; PGE2 , green . Bar = 40 um . FIG . 12D : Expression of 
prostaglandin synthetizing enzymes , Ptges and Ptges2 after 
TA muscle injury ( notexin ) ( n = 3 mice with 2 technical 
replicates ) . Control refers to the contralateral uninjured leg . 
FIG . 12E : PGE2 levels of conditioned medium from isolated 
fibers in the presence or absence of indomethacin ( Indo ) 
assayed by ELISA ; ( n = 3 mice per condition ) . FIG . 12F : 
MuSC numbers after 24 hr treatment with vehicle or PGE2 
( 10 ng / ml ) , and subsequent culture on hydrogel until day 7 ; 
( n = 12 mice in 4 independent experiments ) . FIG . 12G : 
Trajectories of a MuSC clone treated with vehicle ( top ) or 
PGE2 ( bottom ) by time - lapse microscopy for 38 hr . FIG . 
12H : Change in MuSC cell counts ( numbers ) in clones 
tracked by time - lapse microscopy after vehicle ( left , n = 40 
clones ) and PGE2 treatment ( right , n = 44 clones ) . FIG . 121 : 
Plot of time to division after plating for each MuSC clone 
treated with vehicle or PGE2 . Clones showing a 38 hr time 
to division refers to clones that never divided during the 
recorded time - lapse . The lines represent the non - linear 
regression curve from Gaussian lognormal fit with R ? = 0 . 9 
( control ) and 0 . 97 ( PGE2 ) . FIG . 12J : Violin plot of time to 
division post - plating in MuSC clones treated with vehicle or 
PGE2 . FIG . 12K : Cell sizes of tracked MuSCs treated with 
vehicle or PGE2 . * P < 0 . 05 , * * P < 0 . 001 , * * * P < 0 . 0005 
* * * * P < 0 . 0001 . Mann - Whitney test ( FIGS . 12A , 12E , 123 , 
12K ) ; ANOVA test with Bonferroni correction for multiple 
comparisons ( FIGS . 12B , 12D ) ; Paired t - test ( FIG . 12F ) . 
Means + s . e . m . 
0098 ] FIGS . 13A - 13G show that PGE2 treatment aug 

ments muscle regeneration . FIG . 13A : Engraftment of 
freshly sorted GFP / luc - labeled MuSCs ( 250 cells ) coin 
jected with vehicle or PGE2 . Transplant scheme ( top ) . 
Bioluminescence imaging ( BLI ) signals post - transplant 
expressed as average radiance ( ps - cm - 2 sr - 1 ) ; ( n = 4 and 
n = 5 mice for vehicle and PGE2 treated respectively , bot 
tom ) . At 4 weeks post - transplant , recipient mice were rein 
jured with Notexin . FIGS . 13B - 13E : TAs of mice were 
injected with vehicle or PGE2 post - cardiotoxin ( CTX ) 
injury ; ( n = 3 mice per condition , vehicle - treated is the con 
tralateral leg ) . FIG . 13B : Experimental scheme ( top ) . Rep 
resentative TA cross - section ( bottom ) . DAPI , blue ; LAMI 
NIN , green ; PAX7 , red . Arrowheads indicate PAX7 + 
MuSCs . Bar = 40 um . FIG . 13C : Quantification of PAX7 + 
satellite cells per 100 fibers . FIG . 13D : Representative 
myofiber cross - sectional areas ( CSA ) in vehicle ( open white 

bar ) and PGE2 treated ( filled blue bar ) TAS . FIG . 13E 
Distribution of small ( < 1 , 000 um ? CSA ) and large ( > 1 , 000 
um ? CSA ) myofibers . FIGS . 13F and 13G : Endogenous 
MuSCs assayed in Pax7CreER72 ; Rosa26 - LSL - Luc mice 
treated with tamoxifen ( TAM ) by BLI ; ( n = 3 mice per 
condition ) . FIG . 13F : Experimental scheme . FIG . 13G BLI 
( left ) ; ( n = 3 mice per condition ) . Representative BLI image 
( right ) . Bar = 5 mm . * P < 0 . 05 , * * P < 0 . 001 . ANOVA test for 
group comparisons and significant difference for endpoint 
by Fisher ' s test ( FIGS . 13A , 13G ) ; Paired t - test ( FIGS . 13C , 
13E ) . Means + s . e . m . 
[ 0099 ] FIGS . 14A - 14E show that EP4 mediates PGE2 
signaling in MuSCs . FIG . 14A : Expression of prostaglandin 
receptors ( Ptger 1 - 4 ) by MuSCs after 24 hr treatment with 
vehicle or PGE2 ; ( n = 3 mice with 2 technical replicates ) . 
FIG . 14B : CAMP levels in MuSCs after 1 hr PGE2 treat 
ment ; ( n = 6 mice with 3 technical replicates assayed in 2 
independent experiments ) . FIG . 14C : MuSC numbers after 
24 hr treatment with vehicle or PGE2 in the absence or 
presence of EP4 antagonist ( ONO - AE3 - 208 . 1 uM ) . FIG . 
14D : Proliferation of EP4 null MuSCs treated with vehicle 
or PGE2 . EP41 MuSCs were treated with lentiviral vector 
encoding Cre ( + Cre , EP4 - null ) or without ( - Cre ; control ) to 
delete EP4 alelles . Scheme depicting EP4 - null and control 
MuSC analysis ( top ) . EP4 - null and control MuSC numbers ; 
( n = 6 mice in 2 independent experiments ) ( bottom ) . FIG . 
14E : Engraftment of GFP / luc - labeled EP4MF MuSCs ( 1 , 000 
cells ) treated with Cre ( + Cre ) or without ( - Cre ; empty 
vector ) in culture to delete EP4 alelles . EP41 MuSCs were 
transduced with a lentiviral vector encoding GFP / luciferase 
for BLI . Transplant scheme ( top ) . BLI signals post trans 
plant ( n = 5 mice per condition ) ( bottom left ) . Representative 
BLI image ( bottom right ) . Bar = 5 mm . * P < 0 . 05 , * * P < 0 . 001 , 
* * * * P < 0 . 0001 . Mann - Whitney test ( FIGS . 14A , 14B ) ; 
ANOVA test with Bonferroni correction for multiple com 
parisons ( FIGS . 14C , 14D ) ; ANOVA test for group com 
parisons and significant difference for endpoint by Fisher ' s 
test ( FIG . 14E ) . Means + s . e . m . n . s . , non significant . 

[ 0100 ] FIGS . 15A - 15G show that Nurrl is a downstream 
effector of PGE2 / EP4 signaling in MuSCs . FIG . 15A : Heat 
map of differentially expressed transcription factors in 
vehicle or PGE2 treated MuSCs after 24 hr . FIG . 15B : 
Expression of Nurrl after TA muscle injury ( notexin ) ( n = 3 
mice per timepoint ) . FIG . 15C : Expression of Nurrl by 
MuSCs after 24 hr treatment with vehicle or PGE2 ; ( n = 3 
mice , performed in 3 independent experiments ) . FIG . 15D : 
Flow cytometric analysis of NURR1 or IgG control in 
myogenic progenitors treated with vehicle or PGE2 for 24 
hr . FIG . 15E : MuSC numbers after 24 hr treatment of PGE2 
or vehicle and subsequent culture on hydrogel until day 7 of 
shSCR or shNurrl transfected cells ( n = 6 mice performed 2 
independent experiments ) . FIG . 15F : Expression of Nurrl in 
Pax7 CreER12 : EP4 ( EP4 KO ) MuSCs treated with or with 
out 4 - hydroxytamoxifen ( 4OHT ) in vitro and subsequently 
exposed to vehicle or PGE2 for 24 hr ; ( n = 3 mice ) . FIG . 15G : 
Expression of Nurrl in MuSCs , primary myoblasts cultured 
in growth medium ( Myob . GM ) and differentiating primary 
myoblasts cultured in differentiation medium for 24 hr 
( Myob . DM ) ( n = 3 biological replicates per condition ) . 
* P < 0 . 05 , * * P < 0 . 001 , * * * P < 0 . 0005 . ANOVA test with Bon 
ferroni correction for multiple comparisons ( FIGS . 15B , 
15E , 15F , 15G ) ; Mann - Whitney test ( FIG . 15C ) . Means + s . 
e . m . n . s . , non significant . 
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[ 0101 ] FIGS . 16A - 16L show that loss of function of PGE2 
signaling in MuSCs impairs muscle regeneration and 
strength . FIGS . 16A - 16H : Tibialis anteriors ( TAS ) of Pax7 
specific EP4 conditional knockout mice ( Pax7CreER 72 ; EP411 , 
EP4 KO ) treated with tamoxifen ( TAM ) were assayed at 7 
( FIGS . 16C , 16E ) , 14 ( FIGS . 16G , 16H ) and 21 ( FIGS . 16B , 
16D ) days post - notexin injury ; ( n = 3 mice per condition for 
all timepoints ) . FIG . 16A : Experimental scheme . FIG . 16B : 
Expression of Ptger4 ( EP4 receptor ) in sorted MuSCs ( a7 + 
CD34 + lin ) from control or EP4 CKO mice 21 days post 
injury . FIG . 16C : Percentage of embryonic Myosin Heavy 
Chain ( eMyHC ) positive fibers 7 days post - injury . FIG . 
16D : Myofiber cross - sectional areas ( CSA ) in control and 
EP4 CKO TAS 21 days post - injury . FIG . 16E : Representative 
TA cross - section at 7 days post - injury , DAPI , blue ; eMyHC , 
red ( left ) ; and at 21 days post - injury , DAPI , blue , LAMI 
NIN , green ( right ) . Bar = 40 um . FIG . 16F : In vivo muscle 
contractile force assay scheme . FIG . 16G : Representative 
twitch force ( left ) and tetanic force ( right ) at day 14 post 
notexin injury . FIG . 16H : Quantification of muscle twitch 
forces ( left ) and tetanic forces ( right ) . ( n = 8 for control and 
3 for EP4 KO ) . ( FIGS . 161 , 16J ) Endogenous muscle stem 
cells ( MUSCs ) assayed in Pax7 CreERT2 ; Rosa26 - LSL - Luc 
mice treated with tamoxifen ( TAM ) by non - invasive biolu 
minescence imaging ( BLI ) after injection with vehicle or 
NSAID ( Indomethacin ) post - cardiotoxin injury into the TA . 
FIG . 161 : Experimental scheme ( top ) . Representative BLI 
image ( bottom ) . Bar = 5 mm . FIG . 16J : BLI ; ( n = 3 mice per 
condition performed in 2 independent experiments ; figure is 
representative of one experiment ) . ( FIGS . 16K , 16L ) Muscle 
force was measured after vehicle or NSAID ( Indomethacin ) 
at day 14 post - cardiotoxin in C57B1 / 6 mice ( 2 - 4 month old ) . 
FIG . 16K : Representative twitch force . FIG . 16L : Quanti 
fication of muscle twitch forces ( n = 8 for vehicle - treated and 
10 for NSAID - treated ) . * P < 0 . 05 , * * * P < 0 . 0005 and 
* * * * P < 0 . 0001 . Mann - Whitney test ( FIGS . 16B , 16C , 16H , 
16L ) ; ANOVA test for group comparison and significant 
difference for each bin by Fisher ' s test FIG . 16D , ANOVA 
test for group comparisons and significant difference for 
endpoint by Fisher ' s test FIG . 16 ) . Means + s . e . m . 
[ 0102 ] FIG . 17 shows a model for PGE2 signaling to 
expand MuSC function in regeneration . Shown is achematic 
of the role of PGE2 in MuSCs . After injury , PGE2 released 
into the muscle niche acts on the EP4 receptor , which signals 
through cAMP / phospho - CREB leading to the expression of 
Nurrl proliferation - inducing transcription factor . This pro 
motes MuSC expansion for efficient muscle regeneration . 
Loss of PGE2 / EP4 signaling by NSAID treatment or spe 
cific loss of EP4 receptor leads to aberrant MuSC function 
and impaired muscle regeneration and strength recovery . 
[ 0103 ] FIGS . 18A - 18G show that PGE2 promotes MuSC 
proliferation . FIG . 18A : PGE2 levels assayed by ELISA 
after cryoinjury for tibialis anterior ( TA ) ; ( n = 3 mice per 
condition ) . Control refers to the contralateral uninjured leg . 
FIG . 18B : Proliferation measured by the metabolic viability 
assay VisionBlue after treatment with vehicle or indicated 
doses of PGE2 ( 1 - 200 ng / ml ) ; ( n = 6 mice with 3 technical 
replicates in two independent experiments ) . FIG . 18C : Rep 
resentative image of MuSCs labeled with EdU during 1 hr 
( red ) and costained with MYOGENIN ( green ) after treat 
ment with PGE2 ( 10 ng / ml ) for 24 h or vehicle . Bar 
represents 40 um . FIG . 18D : Percentage of dividing MuSCs 
labeled with EdU in FIG . 18C ; ( n = 6 mice with 3 technical 
replicates in two independent experiments ) . FIG . 18E : 

MuSC numbers after culture in growth medium with normal 
serum ( non - str . Serum ) or charcoal stripped medium 
( stripped - serum ) treated daily with vehicle or PGE2 for 7 
days ; ( n = 6 mice in 3 independent experiments ) . FIG . 18F : 
Time to first division after plating for each individual MuSC 
clone analyzed by time - lapse after vehicle ( left ) or PGE2 
( right ) treatment . FIG . 18G : Cumulative Frequency of the 
time to division after plating of all tracked MuSC clones 
throughout the entire timelapse duration ( 38 hr ) . * P < 0 . 05 , 
* * P < 0 . 001 . Mann - Whitney test ( FIGS . 18A , 18D ) . ANOVA 
test with Bonferroni correction for multiple comparisons 
( FIG . 18E ) . Means + s . e . m . n . s . , non significant . 
[ 0104 ] FIGS . 19A - 19E show that PGE2 direct injection 
augments muscle regeneration without promoting hypertro 
phy . FIG . 19A : Representative cross - sectional images of the 
TA showing a GFP + MuSC after engraftment of freshly 
sorted GFP / luc - labeled MuSCs ( 250 cells ) coinjected with 
PGE2 at 8 weeks post - engraftment . Images show staining 
with GFP , green , LAMININ , red and DAPI , blue . Bar 
represents 40 um . FIG . 19B : Representative cross - sectional 
images of the TA showing GFP + myofibers after engraftment 
of freshly sorted GFP / luc - labeled MuSCs ( 250 cells ) coin 
jected with PGE2 at 8 weeks post - engraftment . Images show 
staining with GFP , green , wheat germ agglutinin ( WGA ) or 
LAMININ , red and DAPI , blue . Bar represents 40 um . FIG . 
19C : Representative cross - sectional images of TA myofibers 
of C57B1 / 6 mice at day 14 post - cardiotoxin ( CTX ) injury 
treated in vivo with vehicle or PGE2 48 hr post - injury . 
Images show staining with LAMININ , green and DAPI , 
blue . Bar represents 40 um . FIG . 19D : The corresponding 
segmentation images from ( A ) analyzed by the Baxter 
Algorithms for Myofiber Analysis to determine the cross 
sectional area ( CSA ) of transverse sections of myofibers 
( bottom ) at day 14 post - injury . Bar represents 40 um . FIG . 
19E : Mass of vehicle or PGE2 - treated TAs at day 14 
post - injury . Mann - Whitney test ( FIG . 19E ) . Means + s . e . m . 
n . s . , non - significant . 
[ 0105 ] FIGS . 20A - 20G show that EP4 loss of function in 
MuSC leads to decreased proliferation . FIGS . 20A - 20D : 
EP41 MuSCs treated with lentiviral vector encoding 
mCherry / Cre ( + Cre ) or without ( - Cre ; empty vector ) to 
delete EP4 alelles . Bar graphs show percentage of Cre + 
MUSCs ( FIG . 20A ) and GFP / Luc + MuSCs ( FIG . 20B ) . FIG . 
200 : Representative image . Bar = 40 um ; GFP , green ; 
mCherry , red . FIG . 20D : Expression of Ptger4 by EP411 
MuSCs + Cre . FIGS . 20E - 20G : Pax7 specific EP4 knockout 
MuSCs isolated from Pax7CreERT2 : EP4f or control Pax7 + / + ; 
EP45 + mice treated with 4 - hydroxytamoxifen ( 40HT ) in 
vitro ( n = 3 mice per condition ) . FIG . 20E : Experimental 
scheme . FIG . 20F : MuSC numbers after 7 days of culture . 
FIG . 20G : Expression of prostaglandin receptors ( Ptger 1 - 4 ) 
by qRT - PCR . * P < 0 . 05 , * * P < 0 . 001 , * * * P < 0 . 0005 , * * * * P < 0 . 
0001 . Mann - Whitney test ( FIG . 20D ) ; ANOVA test with 
Bonferroni correction for multiple comparisons ( FIGS . 20F , 
20G ) . Means + s . e . m . n . s . , non - significant . 
[ 0106 ] FIGS . 21A - 21E show transcriptome analysis of 
PGE2 - treated MuSCs . FIG . 21A : Heat map of the transcrip 
tome of vehicle or PGE2 treated MuSCs after 24 hr shown 
as expression fold - change over vehicle - treated MuSCs . FIG . 
21B : Enriched molecular and cellular function pathways of 
the differentially expressed upregulated genes in the PGE2 
treated MuSCs indicated by Ingenuity Pathway Analysis . 
FIG . 21C : Enriched pathway maps of the differentially 
expressed upregulated genes in the PGE2 - treated MuSCs 
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together with PGE2 20 ug ) into the Tibialis anterior ( TA ) 
muscle . FIG . 27A shows bioluminescence ( BLI , measured 
as radiance ) measured every 3 days for 2 weeks to measure 
muscle stem cell expansion . FIG . 27B shows the resulting 
tetanic force measured at week 4 from the same mice , where 
the percent difference to baseline force was calculated . FIG . 
27C : at 4 weeks ( endpoint ) the TA was isolated , and the 
specific force ( mN / mm ) was obtained based on the physi 
ological cross - sectional area ( PCSA ) calculated by the 
muscle length , weight and pennation angle . The specific 
force and the percent difference of tetanic force were sig 
nificantly increased for the combination drug compared to 
the vehicle and both of the small molecules injected alone . 
* P < 0 . 05 , * * P < 0 . 001 . ANOVA test for group comparisons 
and significant difference for endpoint by Fisher ' s test ( FIG . 
27A ) . ANOVA test with Bonferroni correction for multiple 
comparisons ( FIG . 27B , FIG . 27C ) . Data are shown as 
means + SEM . 

DETAILED DESCRIPTION OF THE 
INVENTION 

I . INTRODUCTION 

indicated by Metacore Analysis . FIG . 21D : Flow cytometric 
analysis of NURR1 in shSCR ( control ) or shNurrl trans 
fected cells . FIG . 21E : Expression of Ptger4 ( EP4 receptor ) 
in Pax7CreERT2 : EP41f MuSCs treated with or without 4 - hy 
droxytamoxifen ( 4OHT ) in vitro and and subsequently 
exposed to vehicle or PGE2 for 24 hr ; ( n = 3 mice ) . * * * * P < 0 . 
0001 . ANOVA test with Bonferroni correction for multiple 
comparisons ( FIG . 21E ) . Means + s . e . m . n . s . , non - significant . 
10107 ] FIGS . 22A and 22B show that muscle mass is not 
altered after PGE2 loss of function post - injury . FIG . 22A : 
Mass of TAs of control or MuSC - specific EP4 conditional 
knockout mice at day 14 post - injury . FIG . 22B : Mass of 
vehicle or NSAID - treated TAs at day 14 post - injury . Mann 
Whitney test . Means + s . e . m . n . s . , non significant . 
[ 0108 ] FIGS . 23A - 23C show that a composition compris 
ing a combination of a PGE2 derivative ( 16 , 16 - dimethyl 
prostaglandin E2 ; dmPGE2 ) and bupivacaine ( BPV ) 
enhances muscle stem cell expansion during regeneration . 
FIG . 23A shows a scheme illustrating experimental proce 
dures for the in vivo analysis of endogenous muscle stem 
cell ( MuSC ) expansion during regeneration in Pax7CreER72 ; 
Rosa26 - LSL - Luc mice treated with tamoxifen ( TAM ) via 
bioluminescent imaging ( BLI ) . FIG . 23B shows represen 
tative BLI images of control ( BPV / vehicle ) and experimen 
tal ( BPV / dmPGE2 ) mouse limb 2 - week post - injury . Bar = 5 
mm . FIG . 23C shows log - fold changes of BLI signals 
between control and experimental groups at week 2 post 
injury . Data are shown as the meants . e . m . ( n = 6 ) . The 
asterisk ( * ) indicates statistical significant difference with 
p < 0 . 05 . 
[ 0109 ] FIG . 24 shows a dose - dependent effect of bupiva 
caine , when administered in combination with dmPGE2 , in 
inducing muscle stem cell expansion during regeneration . 
The graph shows the relative endogenous mouse muscle 
stem cell expansion in Pax7CreER72 ; Rosa26 - LSL - Luc mice 
as measured by the radiance fold change of bioluminescent 
imaging ( BLI ) from day 3 post - injection . Statistical signifi 
cance for the difference between the control vs . treatment 
group was determined by one - way ANOVA test with Bon 
ferroni ' s multiple comparison correction . Error bar repre 
sents s . e . m . and n > 3 per condition . 
[ 0110 ] FIGS . 25A - 25D describe a handheld microendo 
scope for use in assessing the benefits of compositions and 
methods of the present invention . FIG . 25A shows photo 
graphs of the microendoscope and associated workstation . 
FIG . 25B shows a schematic of the microendoscope . FIG . 
25C shows an exemplary image generated by the microen 
doscope . FIG . 25D shows a more highly magnified exem 
plary image generated by the microendoscope . 
[ 0111 ] FIG . 26 shows an exemplary timeline for a clinical 
trial . 
[ 0112 ] FIGS . 27A - 27C show the synergistic effect of 
combining a PGE2 compound and a myotoxin to induce 
muscle regeneration and improve muscle function . Pax7 
CreERT2 ; Rosa - LSL - Luciferase mice ( 2 - 4 months old ) 
were treated with tamoxifen for five consecutive days in 
order to obtain Pax7 promoter expressing luciferase mice in 
vivo . One week later , baseline tetanic force of the tibialis 
anterior was measured using a foot plate force measurement 
instrument before injection of drugs ( timepoint day 0 ) . Mice 
were subsequently injected with 50 ul of vehicle ( saline ) , the 
muscle stem cell activator prostaglandin E2 ( PGE2 , 20 ug ) , 
the muscle stem cell expansion agent bupivacaine ( BPV , 
0 . 25 % ) or the combination drug ( bupivacaine 0 . 25 % 

[ 0113 ] Recent studies have shown the importance of 
muscle stem cells ( MuSCs ) in stimulating neuromuscular 
junctions in denervated muscles , although until recently 
improving the recovery of muscle function following den 
ervation remained an unsolved problem . A solution to this 
problem lies in the ability to reverse or prevent denervation 
atrophy by stimulating and augmenting MuSCs that are 
already present in the muscles or by stimulating and aug 
menting MuSCs from muscle transplantation . 
[ 0114 ) The present invention is based , in part , on the 
discovery that a combination of prostaglandin E2 ( PGE2 ) 
compounds and myotoxins such as bupivacaine invoke 
dormant MuSCs to engage in muscle regeneration and 
restore strength . In some cases , the addition of a myotoxin 
induces muscle regeneration . In those cases , the addition of 
a mytoxin to a PGE2 compound improves muscle regenera 
tion , better than muscle regeneration induced by a PGE2 
compound alone . As such , in certain aspects , the composi 
tions and methods of the present invention are particularly 
useful for promoting regeneration of atrophic abductor pol 
licis brevis ( APB ) muscle post nerve release surgery to 
promote neuromuscular junction establishment and restora 
tion of muscle contractile function and volume . 
[ 0115 ] Recent studies have shown the importance of 
muscle stem cells ( MuSCs ) in stimulating neuromuscular 
junctions in denervated muscles ( Liu et al . , 2015 ) , although 
until recently improving the recovery of muscle function 
following denervation remained an unsolved problem . A 
solution to this problem lies in the ability to reverse or 
prevent denervation atrophy by stimulating and augmenting 
MuSCs that are already present in the muscles . 

II . DEFINITIONS 
[ 0116 ] As used herein , the following terms have the mean 
ings ascribed to them unless specified otherwise . 
[ 0117 ] The terms “ a , " " an , ” or “ the ” as used herein not 
only include aspects with one member , but also include 
aspects with more than one member . For instance , the 
singular forms “ a , " " an , ” and “ the ” include plural referents 
unless the context clearly dictates otherwise . Thus , for 
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example , reference to “ a cell ” includes a plurality of such 
cells and reference to the agent ” includes reference to one 
or more agents known to those skilled in the art , and so forth . 
[ 0118 ] The term “ prostaglandin E2 ” or “ PGE2 ” refers to 
prostaglandin that can be synthesized via arachidonic acid 
via cyclooxygenase ( COX ) enzymes and terminal prosta 
glandin E synthases ( PGES ) . PGE2 plays a role in a number 
of biological functions including vasodilation , inflamma 
tion , and modulation of sleep / wake cycles . 
[ 0119 ] The term “ prostaglandin E2 receptor agonist " or 
“ PGE2 receptor agonist ” refers to a chemical compound , 
small molecule , polypeptide , biological product , etc . that 
can bind to and activate any PGE2 receptor , thereby stimu 
lating the PGE2 signaling pathway . 
[ 0120 ] The term “ compound that attenuates PGE2 catabo 
lism ” refers to a chemical compound , small molecule , 
polypeptide , biological product , etc . that can reduce or 
decrease the breakdown of PGE2 . 
[ 0121 ] The term “ compound that neutralizes PGE2 inhi 
bition ” refers to a chemical compound , small molecule , 
polypeptide , biological product , etc . that can block or 
impede an inhibitor of PGE2 synthesis , activity , secretion , 
function , and the like . 
[ 0122 ] The term “ compound that attenuates PGE2 catabo 
lism ” refers to a physical process that attenuates the trans 
port of PGE2 via a transporter for the breakdown of PGE2 
intracellularly . This process can be the physical block of a 
prostaglandin transporter , which transports PGE2 inside 
cells for catabolism by 15 - PGDH . The prostaglandin trans 
porter is also known as 2310021C19Rik , MATR1 , Matrin 
F / Q , OATP2A1 , PGT , PHOAR2 , SLC21A2 , solute carrier 
organic anion transporter family member 2A1 , and 
SLCO2A1 . 
[ 0123 ] The term “ derivative , ” in the context of a com 
pound , includes but is not limited to , amide , ether , ester , 
amino , carboxyl , acetyl , and / or alcohol derivatives of a 
given compound . 
[ 0124 ] The term " treating ” or “ treatment ” refers to any 
one of the following : ameliorating one or more symptoms of 
disease ; preventing the manifestation of such symptoms 
before they occur ; slowing down or completely preventing 
the progression of the disease ( as may be evident by longer 
periods between reoccurrence episodes , slowing down or 
prevention of the deterioration of symptoms , etc . ) ; enhanc 
ing the onset of a remission period ; slowing down the 
irreversible damage caused in the progressive - chronic stage 
of the disease ( both in the primary and secondary stages ) ; 
delaying the onset of said progressive stage ; or any combi 
nation thereof . 
[ 0125 ] The term “ administer , " " administering , " or 
" administration ” refers to the methods that may be used to 
enable delivery of agents or compositions such as the 
compounds and cells described herein to a desired site of 
biological action . These methods include , but are not limited 
to , parenteral administration ( e . g . , intravenous , subcutane 
ous , intraperitoneal , intramuscular , intra - arterial , intravascu 
lar , intracardiac , intrathecal , intranasal , intradermal , intrav 
itreal , and the like ) , transmucosal injection , oral 
administration , administration as a suppository , and topical 
administration . One skilled in the art will know of additional 
methods for administering a therapeutically effective 
amount of the compounds and / or cells described herein for 
preventing or relieving one or more symptoms associated 
with a disease or condition . 

[ 0126 ] The term “ therapeutically effective amount ” or 
“ therapeutically effective dose ” or “ effective amount ” refers 
to an amount of a compound , therapeutic agent ( e . g . , cells ) , 
and / or pharmaceutical drug that is sufficient to bring about 
a beneficial or desired clinical effect . A therapeutically 
effective amount or dose may be based on factors individual 
to each patient , including , but not limited to , the patient ' s 
age , size , type or extent of disease , stage of the disease , route 
of administration of the regenerative cells , the type or extent 
of supplemental therapy used , ongoing disease process and 
type of treatment desired ( e . g . , aggressive vs . conventional 
treatment ) . Therapeutically effective amounts of a pharma 
ceutical compound or compositions , as described herein , can 
be estimated initially from cell culture and animal models . 
For example , IC50 values determined in cell culture methods 
can serve as a starting point in animal models , while IC 
values determined in animal models can be used to find a 
therapeutically effective dose in humans . 
( 0127 ] The term “ pharmaceutically acceptable carrier " 
refers to a carrier or a diluent that does not cause significant 
irritation to an organism and does not abrogate the biological 
activity and properties of the administered compound . 
[ 0128 ] The terms “ subject , ” “ individual , ” and “ patient ” 
are used interchangeably herein to refer to a vertebrate , 
preferably a mammal , more preferably a human . Mammals 
include , but are not limited to , murines , rats , simians , 
humans , farm animals , sport animals , and pets . 
[ 0129 ] The term “ mechanical injury ” refers to myotoxic 
effects that are induced by physical processes , non - limiting 
examples including cutting , burning , freezing , needle punc 
ture , and exercise . In some instances , mechanical injury 
occurs as the result of a surgical procedure ( e . g . , a surgical 
procedure or treatment that comprises cutting , incising , 
suturing , and / or repairing a muscle ) or a traumatic injury 
( e . g . , accidental trauma or injury ) , non - limiting examples 
being blunt and / or crush injuries ( e . g . , involving limbs or 
appendages such as the arms , legs , hand , feet , and digits ) . 
[ 0130 ] The term “ myotoxin ” means a compound that 
induces damage or death in muscle cells . In some embodi 
ments , the toxic effects produced in muscle cells ( e . g . , 
muscle cell damage , muscle cell death ) by the myotoxin may 
trigger , either directly or indirectly , the subsequent activa 
tion of muscle stem cells , muscle regeneration , or both . 
Non - limiting examples of myotoxins include anesthetics 
( e . g . , bupivacaine ) , divalent cations , snake venom , lizard 
venom , bee venom , and compounds contained within ( e . g . , 
notexin , cardiotoxin , and bungarotoxin ) . 
[ 0131 ] In some cases , the myotoxin is a mild myotoxin . A 
mild myotoxin as used herein means that muscle tissue is 
subjected to minor damage assessed by histology . A mild 
myotoxin as used herein may include any compound that 
causes transient but reversible muscle damage or cell death . 
Myotoxicity of excipients administered intramuscularly can 
be assessed by monitoring recruitment of inflammatory cells 
( leucocytes , macrophages and other monocytes ) , induction 
of transient cytokine levels , growth factors and inflamma 
tory metabolites . Histologically , myotoxicity could be 
assessed by disruption of myofiner architecture and the 
encompassing matrix , induction of acute cell death and 
necrosis , induction of acute muscle resident cell prolifera 
tion ( including muscle stem cells ) , induction of embryonic 
myosin heavy chain ( eMHC ) expression , and presence of 
central nuclei position within myofibers . Systemically , myo 
toxicity can also be detected by muscle creatin kinase level . 
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Functionally , myotoxicity can be detected by reduction in 
muscle force and disruption in meuromuscular junction . 
[ 0132 ] Reversibility of the myotoxicity can be assessed by 
restoration in the damaged myofiber histology in a short 
duration ( for example , in about 21 days in a mouse model ) , 
lack of fibrosis in the tissue ( lack of excess collagen depo 
sition or other matrix constituents ) and lack of lipid depo 
sition ( adipocyte transdifferentiation ) . 
[ 0133 ] Non - limiting examples of mild myotoxins may 
include anesthetics , such as , e . g . , bupivacaine or lidocaine . 
[ 0134 ] The term “ acute exposure , " in the context of 
administration of a compound , refers to a temporary or brief 
application of a compound to a subject , e . g . , human subject , 
or cells . In some embodiments , an acute exposure includes 
a single administration of a compound over the course of 
treatment or over an extended period of time . 
[ 0135 ] The term “ intermittent exposure , ” in the context of 
administration of a compound , refers to a repeated applica 
tion of a compound to a subject , e . g . , human subject , or cells , 
wherein a desired period of time lapses between applica 
tions . 
[ 0136 ] The term “ acute regimen , ” in the context of admin 
istration of a compound , refers to a temporary or brief 
application of a compound to a subject , e . g . , human subject , 
or to a repeated application of a compound to a subject , e . g . , 
human subject , wherein a desired period of time ( e . g . , 1 day ) 
lapses between applications . In some embodiments , an acute 
regimen includes an acute exposure ( e . g . , a single dose ) of 
a compound to a subject over the course of treatment or over 
an extended period of time . In other embodiments , an acute 
regimen includes intermittent exposure ( e . g . , repeated 
doses ) of a compound to a subject in which a desired period 
of time lapses between each exposure . 
[ 0137 ) The term " continuous exposure , ” in the context of 
administration of a compound , refers to a repeated , chronic 
application of a compound to a subject , e . g . , human subject , 
or cells , over an extended period of time . 
[ 0138 ] The term " chronic regimen , ” in the context of 
administration of a compound , refers to a repeated , chronic 
application of a compound to a subject , e . g . , human subject , 
over an extended period of time such that the amount or 
level of the compound is substantially constant over a 
selected time period . In some embodiments , a chronic 
regimen includes a continuous exposure of a compound to a 
subject over an extended period of time . 

[ 0141 ] In particular embodiments , the PGE2 compound is 
a PGE2 derivative or analog that contains one or more 
modifications to PGE2 that increase its stability , activity , 
resistance to degradation , transport into muscle cells ( e . g . , 
promote cellular uptake ) , and / or retention in muscle cells 
( e . g . , reduce secretion from muscle cells after uptake ) . 
[ 0142 ] Without limitation , examples of PGE2 derivatives 
and analogs include 2 , 2 - difluoro - 16 - phenoxy - PGE2 com 
pounds , 2 - decarboxy - 2 - hydroxymethyl - 16 - fluoro - PGE2 
compounds , 2 - decarboxy - 2 - hydroxymethyl - 11 - deoxy 
PGE2 compounds , 19 ( R ) - hydroxy PGE2 , 16 , 16 - dimethyl 
PGE2 , 16 , 16 - dimethyl PGE2 p - ( p - acetamidobenzamido ) 
phenyl ester , 11 - deoxy - 16 , 16 - dimethyl PGE2 ( dmPGE2 ) , 
9 - deoxy - 9 - methylene - 16 , 16 - dimethyl PGE2 , 9 - deoxy - 9 
methylene PGE2 , butaprost , sulprostone , enprostil , PGE2 
serinol amide , PGE2 methyl ester , 16 - phenyl tetranor PGE2 , 
5 - trans - PGE2 , 15 ( S ) - 15 - methyl PGE2 , and 15 ( R ) - 15 
methyl PGE2 . Additional PGE2 derivatives and analogs are 
set forth , e . g . , in U . S . Pat . No . 5 , 409 , 911 . 
[ 0143 ] Additional non - limiting examples of PGE2 deriva 
tives and analogs include hydantoin derivatives of PGE2 , 
the more stable PGE2 analogs described in Zhao et al . 
( Bioorganic & Medicinal Chemistry Letters , 17 : 6572 - 5 
( 2007 ) ) in which the hydroxycyclopentanone ring is 
replaced by heterocyclic rings and the unsaturated alpha 
alkenyl chain is substituted with a phenethyl chain , the 
PGE2 analogs described in Ungrin et al . ( Mol . Pharmacol . , 
59 : 1446 - 56 ( 2001 ) ) , the 13 - dehydro derivatives of PGE2 
described in Tanami et al . ( Bioorg . Med . Chem . Lett . , 
8 : 1507 - 10 ( 1998 ) ) , and the substituted cyclopentanes 
described in U . S . Pat . Nos . 8 , 546 , 603 and 8 , 158 , 676 . 
[ 0144 ] In some embodiments , the PGE2 compound is an 
agonist of a PGE2 receptor , e . g . , EP1 receptor , EP2 receptor , 
EP3 receptor , and EP4 receptor . Non - limiting examples of 
PGE2 receptor agonists include ONO - DI - 004 , ONO - AE1 
259 , ONO - AE - 248 , ONO - AE1 - 329 , ONO - 4819CD ( Ono 
Pharmaceutical Co . , Japan ) , L - 902688 ( Cayman Chemical ) , 
CAY10598 ( Cayman Chemical ) , and CP - 533536 ( Pfizer ) . 
Additional PGE2 receptor agonists are described , e . g . , in 
U . S . Pat . Nos . 6 , 410 , 591 ; 6 , 610 , 719 ; 6 , 747 , 037 ; 7 , 696 , 235 ; 
7 , 662 , 839 ; 7 , 652 , 063 ; 7622 , 475 ; and 7 , 608 , 637 . 
[ 0145 ] In particular embodiments , the PGE2 receptor ago 
nist comprises a compound of Formula ( I ) , a derivative 
thereof , a pharmaceutically acceptable salt thereof , a solvate 
thereof , a stereoisomer thereof , or a combination thereof , 

III . DETAILED DESCRIPTION OF THE 
EMBODIMENTS Formula ( I ) 

[ 0139 ] A . Compositions and Pharmaceutical Composi 
tions 
[ 0140 ] In one aspect of the present invention , provided 
herein is a composition for preventing or treating a muscle 
condition . In some embodiments , the composition com 
prises a prostaglandin E2 ( PGE2 ) compound and a myo 
toxin . In some embodiments , the PGE2 compound is 
selected from the group consisting of PGE2 , a PGE2 prod 
rug , a PGE2 receptor agonist , a compound that attenuates 
PGE2 catabolism , a compound that neutralizes PGE2 inhi 
bition , a derivative thereof , an analog thereof , and a com 
bination thereof . A prodrug of PGE2 can be metabolized into 
a pharmacologically active PGE2 drug , for example , at the 
site of administration or muscle regeneration , or when the 
prodrug is exposed to muscle cells . 

wherein ring A is a substituted 4 - to 6 - membered cycloalkyl 
ring or a substituted 4 - to 6 - membered cycloalkenyl ring that 
comprises substituents R and R? that are independently 
selected from the group consisting of substituted C - C10 
alkyl and substituted C2 - C10 alkenyl , and ring A further 
comprises one or more additional substituents . In some 
embodiments , ring A is a substituted cyclopentyl ring or a 
substituted cyclopentenyl ring . In particular embodiments , 
the one or more additional substituents on ring A are selected 
from the group consisting of deuterium , hydroxy , amino , 
oxo , C7 - C6 alkyl , and halogen . In some instances , the one or 
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more additional substituents on ring A are hydroxy or oxo . 
In some embodiments , ring A has two additional substituents 
that are taken together to form a covalent bond to form a 
heterocycloalkyl ring . 
[ 0146 ] In some embodiments , ring A is selected from the 
consisting of 

OH and 

OH . mi 
2015 de andere cubotimens , Pets VR ? , ' RE [ 0151 ] In other embodiments , Riis selected from the 
group consisting of HO 

OH and HO 
HO 

R ? , and and 
HO 

[ 0147 ] In particular embodiments , ring A is selected from 
the group consisting of from the group consisting of [ 0152 ] In some instances , R ' is 

HOR R ] 

?? . 
R2 , and 

OS 

[ 0153 ] In some embodiments , R2 is substituted C - C10 
alkyl . In other embodiments , R ’ is substituted C2 - C10 alk 
enyl . In some embodiments , the substituent on R2 is selected 
from the group consisting of deuterium , hydroxy , oxo , C , - C . 
alkyl , COOR " , and halogen , wherein R² is hydrogen or 
C1 - C , alkyl . 
[ 0154 ] In some embodiments , R² is selected from the 
group consisting of 

[ 0148 ] In some instances , ring A is 

02 
R2 ma " 

OH 

OH 

[ 0149 ] In some embodiments , Riis substituted C . - C10 
alkyl . In other embodiments , R ' is substituted C2 - C10 alk 
enyl . In some embodiments , R is selected from the group 
consisting of deuterium , hydroxy , oxo , C , - C6 alkyl , 
- COOR " , and halogen , wherein R * is hydrogen or C . - C . 
alkyl . 
[ 0150 ] In some embodiments , R ' is selected from the 
group consisting of 

OH 
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[ 0155 ] In some embodiments , R2 is selected from the 
group consisting of 
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man 
OH 
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[ 0156 ] In some instances , R² is 

or 
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[ 0157 ] In some embodiments , the compound of Formula 
( I ) , the pharmaceutically acceptable salt thereof , the solvate 
thereof , or the stereoisomer thereof is a compound of 
Formula ( la ) , Formula ( lb ) , Formula ( Ic ) , or Formula ( Id ) , or 
is a pharmaceutically acceptable salt thereof , a solvate 
thereof , or a stereoisomer thereof : 
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- continued 
HS Formula ( la ) 
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Q ANH 

Formula ( Ib ) 
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Formula ( Ic ) 

Q 
" ! ! R2 ; and PGE2 - PEG11 - BIOTIN 

Formula ( Id ) 

R2 

[ 0158 ] In some instances , the compound is of Formula 
( Id ) . 
[ 0159 ] In some embodiments , the PGE2 compound is 
PGE2 . In other embodiments , the PGE2 compound is a 
derivative of PGE2 . In some instances , the derivative is 
16 , 16 - dimethyl prostaglandin E2 ( dmPGE2 ) . In particular 
embodiments , the PGE2 compound is PGE2 and / or 
dmPGE2 . 
( 0160 ] In other embodiments , the PGE2 compound is a 
derivative of PGE2 . In some instances , the derivative is 
PGE2 conjugated to a moiety . In particular embodiments , 
the PGE2 compound is PGE2 - Biotin or PGE2 - PEG ( Poly 
ethylene glycol ) hydrogel . Exemplary embodiments are 
shown below : 

[ 0161 ] In some embodiments , the PGE2 derivative com 
prises a PGE2 compound conjugated to a molecular probe . 
In some cases , the molecular probe is a peptide sequence , a 
fragment antigen - binding ( Fab ) , a heavy - chain only anti 
body ( HcAbs ) , a full - length antibody ( Ab ) , a single - domain 
antibody / nanobody ( Nb ) , or a nanoparticle , or a combina 
tion . In some cases , the molecular probe is capable of 
homing to and targeting muscle tissue via systemic delivery . 
[ 0162 ] In those embodiments , a PGE2 derivative compris 
ing a PGE2 compound conjugated to a molecular probe may 
increase the half - life of the PGE2 compound , increase the 
specificity of the PGE compound , and reduce adverse off 
target effects of the PGE2 compund . Non - limiting examples 
of PGE2 conjugated to a molecular probe include PGE2 
Integrin - alpha7 antibody or nanobody ; PGE2 - M - cadherin 
antibody or nanobody ; and PGE2 - anti PGE2 antibody . In 
some cases , a PGE2 derivative comprising a PGE2 com 
pound conjugated to a molecular probe may be used to treat 
sarcopenia or cachexia . 
[ 0163 ] In some embodiments , the PGE2 compound is a 
compound that attenuates PGE2 catabolism . In some cases , 
a compound that attenuates PGE2 catabolism can be a 
compound , a neutralizing peptide , or a neutralizing antibody 
that inactivates or blocks 15 - hydroxyprostaglandin dehydro 
genase ( 15 - PGDH ) or inactivates or blocks a prostaglandin 
transporter , which transports PGE2 inside cells for catabo 
lism by 15 - PGDH . The prostaglandin transporter is also 
known as 2310021C19Rik , MATR1 , Matrin F / Q , 
OATP2A1 , PGT , PHOAR2 , SLC21A2 , solute carrier 
organic anion transporter family member 2A1 , and 
SLCO2A1 . 
[ 0164 ] In some embodiments , the composition may 
include a stem - cell inducing molecule . In some cases , the 
stem - cell inducing molecule is a PGE2 compound as 
described herein . In some cases , the composition includes a 
stem - cell inducing molecule in combination with a myo 
toxin . Other non - limiting examples of stem - cell inducing 
molecules that may be used herein include oxytocin , beta 
integrin activating antibody , rapamycin , SetD7 inhibitors , 
p38 MAPK inhibitors ( such as SB202190 and SB203580 ) , 
neuregulin , nerve growth factor ( NGF ) , Hif2alpha inhibi 
tors , basic fibroblast growth factor ( bFGF ) , fibroblast growth 
factor 4 ( FGF4 ) , epidermal growth factor ( EGF ) , Interleu 

HITE HH 

H 

H 

OH 

PGE2 - Biotin 
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kin - la , Interleukin - 13 , TNFC , LIF , IL6 , interferon gamma , 
oncostatin M ( OSM ) , ghrelin , and apelin . 
[ 0165 ] In some embodiments , the myotoxin is selected 
from the group consisting of an anesthetic , a divalent cation , 
venom from snakes , venom from lizards , venom from bees , 
and a combination thereof . Suitable divalent cations include 
but are not limited to Ba2 + , Sr2 + , Mg2 + , Ca2 + , Mn2 + , Ni2 + , 
Co2 + , salts thereof , and combinations thereof . In some 
embodiments , the snake or lizard venom is selected from the 
group consisting of notexin , cardiotoxin , bungarotoxin , and 
a combination thereof . 
[ 0166 ] In some embodiments , the anesthetic is selected 
from the group consisting of an amino - amide anesthetic , an 
amino - ester anesthetic , and a combination thereof . In some 
cases , the anesthetic is a mild myotoxin . Non - limiting 
examples of amino - amide anesthetics include bupivacaine , 
levobupivacaine , articaine , ropivacaine , butanilicaine , car 
ticaine , dibucaine , etidocaine , lidocaine , mepivacaine , prilo 
caine , and trimecaine . In some embodiments , the composi 
tion comprises a combination of amino - amide anesthetics . 
[ 0167 ] In some embodiments , the anesthetic is an amino 
ester anesthetic . In particular embodiments , the amino - ester 
anesthetic is an aminobenzoic acid ester anesthetic , a ben 
zoic acid ester anesthetic , or a combination thereof . Non 
limiting examples of aminobenzoic acid ester anesthetics 
include benzocaine , butacaine , butamben , chloroprocaine , 
dimethocaine , lucaine , meprylcaine , metabutethamine , 
metabutoxycaine , nitracaine , orthocaine , propoxycaine , pro 
caine , proxymetacaine , risocaine , and tetracaine . Non - lim 
iting examples of benzoic acid anesthetics include amylo 
caine , cocaine , cyclomethycaine , a - eucaine , B - eucaine , 
hexylcaine , isobucaine , and piperocaine . In particular 
embodiments , the composition comprises a combination of 
one or more aminobenzoic acid ester anesthetics and / or one 
or more benzoic acid ester anesthetics . 
[ 0168 ] Other non - limiting examples of anesthetics that 
may have mild myotoxic effects include benzonatate , 
diperodon , fomocaine , fotocaine , hydroxyprocaine , oxeta 
caine , oxybuprocaine , paraethoxycaine , phenacaine , pirido 
caine , pramocaine , primacaine , procainamide , proparacaine , 
pyrrocaine , quinisocaine , tolycaine , and tropacocaine . 
0169 ] In some embodiments , the composition comprises 

a PGE2 compound that comprises PGE2 and / or dmPGE2 
and a myotoxin that is bupivacaine . 
[ 0170 ] Compositions of the present invention may be 
suitable for treating any number of muscle conditions , 
including but not limited to muscle conditions that are 
associated with muscle damage , injury , or atrophy . The 
compositions are also useful for promoting muscle regen 
eration in a subject in need thereof , for increasing muscle 
mass in a subject in need thereof , or both . Non - limiting 
examples of suitable conditions for prevention or treatment 
with compositions of the present invention include traumatic 
injury ( e . g . , acute muscle trauma , acute nerve trauma ) , acute 
muscle injury , acute nerve injury , chronic nerve injury , soft 
tissue hand injury , carpal tunnel syndrome ( CTS ) , Duchenne 
muscular dystrophy ( DMD ) , Becker muscular dystrophy , 
limb girdle muscular dystrophy , amyotrophic lateral sclero 
sis ( ALS ) , distal muscular dystrophy ( DD ) , inherited myo 
pathies , myotonic muscular dystrophy ( MDD ) , mitochon 
drial myopathies , myotubular myopathy ( MM ) , myasthenia 
gravis ( MG ) , congestive heart failure , periodic paralysis , 
polymyositis , rhabdomyolysis , dermatomyositis , cancer 
cachexia , AIDS cachexia , cardiac cachexia , stress induced 

urinary incontinence , sarcopenia , spinal muscular atrophy , 
fecal sphincter dysfunction , Bell ' s palsy , rotator cuff injury , 
spinal cord injury , hip replacement , knee replacement , wrist 
fracture , diabetic neuropathy , gastroesophageal reflux dis 
ease ( GERD ) , obstructive sleep apnea ( OSA ) , pelvic floor 
disorders ( e . g . , stress urinary incontinence , overactive blad 
der / urinary urgency incontinence , mixed urinary inconti 
nence , pelvic organ prolapse , fecal incontinence ) , musculo 
skeletal disorders ( e . g . , impaired hand function , impaired 
thumb function , impaired foot function ) , plantar fasciitis , 
foot drop , disuse - induced muscle atrophy , impaired eyelid 
function ( e . g . , eyelid drooping , impaired blinking , entro 
pion , ectropion ) , strabismus , nystagmus , and presbyopia . 
Additional examples of suitable conditions for prevention or 
treatment with compositions of the present invention may 
include muscle disorders that affect small isolated muscles 
that can be regenerated with localized transplantation of 
small numbers of cells , including : atrophy and muscle 
dysfunction in the face or hand after nerve injury or direct 
trauma that does not recover after reinnervation ; extraocular 
muscle injury causing inability to move the eye and dipoplia 
seen in Graves ' disease , traumatic injury , and progressive 
external ophthalmoplegia ; and urinary and fecal inconti 
nence . 
[ 0171 ] In another aspect of the present invention , provided 
herein is a pharmaceutical composition . In some embodi 
ments , the pharmaceutical composition comprises a phar 
maceutically acceptable carrier and a composition described 
herein that comprises a PGE2 compound and a myotoxin . In 
certain aspects , pharmaceutically acceptable carriers are 
determined in part by the particular composition being 
administered , as well as by the particular method used to 
administer the composition . Accordingly , there is a wide 
variety of suitable formulations of pharmaceutical compo 
sitions of the present invention ( see , e . g . , REMINGTON ' S 
PHARMACEUTICAL SCIENCES , 18TH ED . , Mack Publish 
ing Co . , Easton , Pa . ( 1990 ) ) . 
[ 0172 ] As used herein , “ pharmaceutically acceptable car 
rier " comprises any of standard pharmaceutically accepted 
carriers known to those of ordinary skill in the art in 
formulating pharmaceutical compositions . Thus , the cells or 
compounds , by themselves , such as being present as phar 
maceutically acceptable salts , or as conjugates , may be 
prepared as formulations in pharmaceutically acceptable 
diluents ; for example , saline , phosphate buffer saline ( PBS ) , 
aqueous ethanol , or solutions of glucose , mannitol , dextran , 
propylene glycol , oils ( e . g . , vegetable oils , animal oils , 
synthetic oils , etc . ) , microcrystalline cellulose , carboxym 
ethyl cellulose , hydroxylpropyl methyl cellulose , magne 
sium stearate , calcium phosphate , gelatin , polysorbate 80 or 
the like , or as solid formulations in appropriate excipients . 
[ 0173 ] The pharmaceutical compositions will often further 
comprise one or more buffers ( e . g . , neutral buffered saline or 
phosphate buffered saline ) , carbohydrates ( e . g . , glucose , 
mannose , sucrose or dextrans ) , mannitol , proteins , polypep 
tides or amino acids such as glycine , antioxidants ( e . g . , 
ascorbic acid , sodium metabisulfite , butylated hydroxytolu 
ene , butylated hydroxyanisole , etc . ) , bacteriostats , chelating 
agents such as EDTA or glutathione , solutes that render the 
formulation isotonic , hypotonic or weakly hypertonic with 
the blood of a recipient , suspending agents , thickening 
agents , preservatives , flavoring agents , sweetening agents , 
and coloring compounds as appropriate . 
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[ 0174 ] The pharmaceutical compositions of the invention 
may be administered in a manner compatible with the 
dosage formulation , and in such amount as will be thera 
peutically effective . The quantity to be administered may 
depend on a variety of factors including , e . g . , the age , body 
weight , physical activity , and diet of the individual , the 
condition or disease to be treated , and the stage or severity 
of the condition or disease . In certain embodiments , the size 
of the dose may also be determined by the existence , nature , 
and extent of any adverse side effects that accompany the 
administration of a therapeutic agent ( s ) in a particular indi 
vidual . 
[ 0175 ] It will be understood , however , that the specific 
dose level and frequency of dosage for any particular patient 
may be varied and may depend upon a variety of factors 
including the activity of the specific compound employed , 
the metabolic stability and length of action of that com 
pound , the age , body weight , hereditary characteristics , 
general health , sex , diet , mode and time of administration , 
rate of excretion , drug combination , the severity of the 
particular condition , and the host undergoing therapy . 
10176 ] . In certain embodiments , the dose of the compound 
may take the form of solid , semi - solid , lyophilized powder , 
or liquid dosage forms , such as , for example , tablets , pills , 
pellets , capsules , powders , solutions , suspensions , emul 
sions , suppositories , retention enemas , creams , ointments , 
lotions , gels , aerosols , foams , or the like , preferably in unit 
dosage forms suitable for simple administration of precise 
dosages . 
( 0177 ] As used herein , the term “ unit dosage form ” refers 
to physically discrete units suitable as unitary dosages for 
humans and other mammals , each unit containing a prede 
termined quantity of a therapeutic agent calculated to pro 
duce the desired onset , tolerability , and / or therapeutic 
effects , in association with a suitable pharmaceutical excipi 
ent ( e . g . , an ampoule ) . In addition , more concentrated dos 
age forms may be prepared , from which the more dilute unit 
dosage forms may then be produced . The more concentrated 
dosage forms thus may contain substantially more than , e . g . , 
at least 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , or more times the amount 
of the therapeutic compound . 
[ 0178 ] Methods for preparing such dosage forms are 
known to those skilled in the art ( see , e . g . , REMINGTON ' S 
PHARMACEUTICAL SCIENCES , supra ) . The dosage forms 
typically include a conventional pharmaceutical carrier or 
excipient and may additionally include other medicinal 
agents , carriers , adjuvants , diluents , tissue permeation 
enhancers , solubilizers , and the like . Appropriate excipients 
can be tailored to the particular dosage form and route of 
administration by methods well known in the art ( see , e . g . , 
REMINGTON ' S PHARMACEUTICAL SCIENCES , supra ) . 
10179 ] Examples of suitable excipients include , but are not 
limited to , lactose , dextrose , sucrose , sorbitol , mannitol , 
starches , gum acacia , calcium phosphate , alginates , traga 
canth , gelatin , calcium silicate , microcrystalline cellulose , 
polyvinylpyrrolidone , cellulose , water , saline , syrup , meth 
ylcellulose , ethylcellulose , hydroxypropylmethylcellulose , 
and polyacrylic acids such as Carbopols , e . g . , Carbopol 941 , 
Carbopol 980 , Carbopol 981 , etc . The dosage forms can 
additionally include lubricating agents such as talc , magne 
sium stearate , and mineral oil ; wetting agents ; emulsifying 
agents ; suspending agents ; preserving agents such as 
methyl - , ethyl - , and propyl - hydroxy - benzoates ( i . e . , the 
parabens ) ; pH adjusting agents such as inorganic and 

organic acids and bases ; sweetening agents ; and flavoring 
agents . The dosage forms may also comprise biodegradable 
polymer beads , dextran , hydrogels , and cyclodextrin inclu 
sion complexes . 
[ 0180 ] For oral administration , the therapeutically effec 
tive dose can be in the form of tablets , capsules , emulsions , 
suspensions , solutions , syrups , sprays , lozenges , powders , 
and sustained - release formulations . Suitable excipients for 
oral administration include pharmaceutical grades of man 
nitol , lactose , starch , magnesium stearate , sodium saccha 
rine , talcum , cellulose , glucose , gelatin , sucrose , magnesium 
carbonate , and the like . 
[ 0181 ] The therapeutically effective dose can also be pro 
vided in a lyophilized form . Such dosage forms may include 
a buffer , e . g . , bicarbonate , for reconstitution prior to admin 
istration , or the buffer may be included in the lyophilized 
dosage form for reconstitution with , e . g . , water . The 
lyophilized dosage form may further comprise a suitable 
vasoconstrictor , e . g . , epinephrine . The lyophilized dosage 
form can be provided in a syringe , optionally packaged in 
combination with the buffer for reconstitution , such that the 
reconstituted dosage form can be immediately administered 
to an individual . 
[ 0182 ] In some embodiments , a pharmaceutical composi 
tion of the present invention comprises a pharmaceutically 
acceptable carrier that comprises an aqueous base . In other 
embodiments , the pharmaceutically acceptable carrier com 
prises a low viscosity compound . In some instances , the low 
viscosity compound comprises gelatin . In other instances , 
the low viscosity compound comprises a hydrogel . 
[ 0183 ] B . Methods for Promoting Muscle Regeneration 
and Preventing or Treating Muscle Conditions 
[ 0184 ] In another aspect of the present invention , provided 
herein is a method for promoting muscle regeneration in a 
subject in need thereof , increasing muscle mass in a subject 
in need thereof , or both . In some embodiments , the method 
comprises administering a combination of a PGE2 com 
pound and a myotoxin to the subject . In some embodiments , 
a pharmaceutical composition comprising a pharmaceuti 
cally acceptable carrier and combination of a PGE2 com 
pound and a myotoxin is administered to the subject . In 
some embodiments , a therapeutically effective amount of 
the PGE2 compound is administered to the subject . In other 
embodiments , a therapeutically effective amount of the 
myotoxin is administered to the subject . In particular 
embodiments , a therapeutically effective amount of the 
PGE2 compound and the myotoxin are administered to the 
subject . 
[ 0185 ] In yet another aspect of the present invention , 
provided herein is a method for preventing or treating a 
muscle condition in a subject in need thereof . In some 
embodiments , the method comprises administering a com 
bination of a PGE2 compound and a myotoxin to the subject . 
In some embodiments , a pharmaceutical composition com 
prising a pharmaceutically acceptable carrier and combina 
tion of a PGE2 compound and a myotoxin is administered to 
the subject . In some embodiments , a therapeutically effec 
tive amount of the PGE2 compound is administered to the 
subject . In other embodiments , a therapeutically effective 
amount of the myotoxin is administered to the subject . In 
particular embodiments , a therapeutically effective amount 
of the PGE2 compound and the myotoxin are administered 
to the subject . 
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Chem . Lett . , 8 : 1507 - 10 ( 1998 ) ) , and the substituted cyclo 
pentanes described in U . S . Pat . Nos . 8 , 546 , 603 and 8 , 158 , 
676 . 
[ 0191 ] In some embodiments , a PGE2 compound that is 
an agonist of a PGE2 receptor is administered , e . g . , EP1 
receptor , EP2 receptor , EP3 receptor , and EP4 receptor . 
Non - limiting examples of PGE2 receptor agonists include 
ONO - DI - 004 , ONO - AE1 - 259 , ONO - AE - 248 , ONO - AE1 
329 , ONO - 4819CD ( Ono Pharmaceutical Co . , Japan ) , 
L - 902688 ( Cayman Chemical ) , CAY10598 ( Cayman 
Chemical ) , and CP - 533536 ( Pfizer ) . Additional PGE2 recep 
tor agonists are described , e . g . , in U . S . Pat . Nos . 6 , 410 , 591 ; 
6 , 610 , 719 ; 6 , 747 , 037 ; 7 , 696 , 235 ; 7 , 662 , 839 ; 7 , 652 , 063 ; 
7622 , 475 ; and 7 , 608 , 637 . 
[ 0192 ] In particular embodiments , the PGE2 receptor ago 
nist that is administered per methods of the present invention 
comprises a compound of Formula ( I ) , a derivative thereof , 
a pharmaceutically acceptable salt thereof , a solvate thereof , 
a stereoisomer thereof , or a combination thereof , 

Formula ( I ) 

R2 ; 

[ 0186 ] In still another aspect of the present invention , 
provided herein is a method for preventing or treating a 
muscle condition in a subject in need thereof . In some 
embodiments , the method comprises administering a PGE2 
receptor agonist to the subject . In other embodiments , the 
method further comprises administering a myotoxin to the 
subject . In some embodiments , a pharmaceutical composi 
tion comprising a pharmaceutically acceptable carrier , a 
PGE2 receptor agonist , and optionally a myotoxin is admin 
istered to the subject . In some embodiments , a therapeuti 
cally effective amount of the PGE2 receptor agonist is 
administered to the subject . In other embodiments , a thera 
peutically effective amount of the myotoxin is administered 
to the subject . In particular embodiments , a therapeutically 
effective amount of the PGE2 receptor agonist and the 
myotoxin are administered to the subject . 
[ 0187 ] In some embodiments , the methods comprise 
administering a PGE2 compound that is selected from the 
group consisting of PGE2 , a PGE2 prodrug ( e . g . PGE2 
coupled to neural cadherin ( NCAD ) that targets NCAD 
receptor ) , a PGE2 receptor agonist , a compound that attenu 
ates PGE2 catabolism , a compound that neutralizes PGE2 
inhibition , a derivative thereof , an analog thereof , and a 
combination thereof . A prodrug of PGE2 can be metabolized 
into a pharmacologically active PGE2 drug , for example , at 
the site of administration or muscle regeneration , or when 
the prodrug is exposed to muscle cells . In some cases , the 
PGE2 compound is a biotinylated drug or other modification 
that retains PGE2 receptor engagement and signaling but 
prevents internalization — leading to prolonged activity and 
overcoming the degradative pathway . 
[ 0188 ] In particular embodiments , the PGE2 compound 
that is administered is a PGE2 derivative or analog that 
contains one or more modifications to PGE2 that increase its 
stability , activity , resistance to degradation , transport into 
muscle cells ( e . g . , promote cellular uptake ) , and / or retention 
in muscle cells ( e . g . , reduce secretion from muscle cells after 
uptake ) . 
[ 0189 ] Without limitation , examples of PGE2 derivatives 
and analogs that are suitable for administration according to 
methods of the present invention include 2 , 2 - difluoro - 16 
phenoxy - PGE2 compounds , 2 - decarboxy - 2 - hydroxym 
ethyl - 16 - fluoro - PGE2 compounds , 2 - decarboxy - 2 - hy 
droxymethyl - 11 - deoxy - PGE2 compounds , 19 ( R ) - hydroxy 
PGE2 , 16 , 16 - dimethyl PGE2 , 16 , 16 - dimethyl PGE2 p - ( p 
acetamidobenzamido ) phenyl ester , 11 - deoxy - 16 , 16 - dim 
ethyl PGE2 ( dmPGE2 ) , 9 - deoxy - 9 - methylene - 16 , 16 - dim 
ethyl PGE2 , 9 - deoxy - 9 - methylene PGE2 , butaprost , 
sulprostone , enprostil , PGE2 serinol amide , PGE2 methyl 
ester , 16 - phenyl tetranor PGE2 , 5 - trans - PGE2 , 15 ( S ) - 15 
methyl PGE2 , and 15 ( R ) - 15 - methyl PGE2 , and PGE2 
Biotin or PGE2 - PEG ( Polyethylene glycol ) hydrogel . Addi 
tional PGE2 derivatives and analogs are set forth , e . g . , in 
U . S . Pat . No . 5 , 409 , 911 . 
[ 0190 ] Additional non - limiting examples of PGE2 deriva 
tives and analogs for administration include hydantoin 
derivatives of PGE2 , the more stable PGE2 analogs 
described in Zhao et al . ( Bioorganic & Medicinal Chemistry 
Letters , 17 : 6572 - 5 ( 2007 ) ) in which the hydroxy cyclopen 
tanone ring is replaced by heterocyclic rings and the unsatu 
rated alpha - alkenyl chain is substituted with a phenethyl 
chain , the PGE2 analogs described in Ungrin et al . ( Mol . 
Pharmacol . , 59 : 1446 - 56 ( 2001 ) ) , the 13 - dehydro deriva 
tives of PGE2 described in Tanami et al . ( Bioorg . Med . 

wherein ring A is a substituted 4 - to 6 - membered cycloalkyl 
ring or a substituted 4 - to 6 - membered cycloalkenyl ring that 
comprises substituents R1 and R? that are independently 
selected from the group consisting of substituted C1 - C10 
alkyl and substituted C , - C . alkenyl , and ring A further 
comprises one or more additional substituents . In some 
embodiments , ring A is a substituted cyclopentyl ring or a 
substituted cyclopentenyl ring . In particular embodiments , 
the one or more additional substituents on ring A are selected 
from the group consisting of deuterium , hydroxy , amino , 
oxo , C , - Coalkyl , and halogen . In some instances , the one or 
more additional substituents on ring A are hydroxy or oxo . 
In some embodiments , ring A has two additional substituents 
that are taken together to form a covalent bond to form a 
heterocycloalkyl ring . 
[ 0193 ] In some embodiments , ring A is selected from the 
consisting of 

- RP , R2 , 
HO ?? 

R 

HO ?? ? and 

> R2 
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[ 0199 ] In some instances , R is [ 0194 ] In particular embodiments , ring A is selected from 
the group consisting of from the group consisting of 

?? . HO 
R ! R OH . MR 

R2 MR ? 
, and HO 

[ 0195 ] In some instances , ring A is 

[ 0200 ] In some embodiments , R2 is substituted C - C10 
alkyl . In other embodiments , R2 is substituted C2 - C , alk 
enyl . In some embodiments , the substituent on R? is selected 
from the group consisting of deuterium , hydroxy , oxo , C , - C6 
alkyl , _ COOR , and halogen , wherein R * is hydrogen or 
C . - C . alkyl . 
[ 0201 ] In some embodiments , R2 is selected from the 
group consisting of 

?? [ 0196 ] In some embodiments , R is substituted C - C10 
alkyl . In other embodiments , R ' is substituted C2 - C10 alk 
enyl . In some embodiments , Rl is selected from the group 
consisting of deuterium , hydroxy , oxo , C , - C6 alkyl , 
COOR " , and halogen , wherein Rº is hydrogen or C , - C . 

alkyl . 
[ 0197 ] In some embodiments , Rl is selected from the 
group consisting of 

OH 

OH 

OH and 

and 

OH . 

is selected from the [ 0198 ] In other embodiments , R 
group consisting of 

[ 0202 ] In some embodiments , R2 is selected from the 
group consisting of 

" OH and 

OH 
HO . 

man ?? . 

OH 
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- continued - continued 

HO . 

[ 0203 ] In some instances , R² is 

OH 
HO mann Or 

?? , 
OH 

[ 0204 ] In some embodiments , the compound of Formula 
( I ) , the pharmaceutically acceptable salt thereof , the solvate 
thereof , or the stereoisomer thereof is a compound of 
Formula ( la ) , Formula ( Ib ) , Formula ( Ic ) , or Formula ( Id ) , or 
is a pharmaceutically acceptable salt thereof , a solvate 
thereof , or a stereoisomer thereof : 

Formula ( Ia ) 

Formula ( Ib ) 

Formula ( Ic ) 

" 111R2 ; and 
Formula ( Id ) 

In some instances , the compound is of Formula ( Id ) . 
[ 0205 ] In some embodiments , the PGE2 compound that is 
administered according to the methods of the present inven 
tion comprises PGE2 . In other embodiments , the PGE2 
compound that is administered comprises a derivative of 
PGE2 . In some instances , the derivative is 16 , 16 - dimethyl 
prostaglandin E2 ( dmPGE2 ) . In particular embodiments , the 
PGE2 compound that is administered comprises PGE2 and / 
or dmPGE2 . 
0206 In some embodiments , the PGE2 compound that is 
administered is a compound that attenuates PGE2 catabo 
lism . In some cases , a compound that attenuates PGE2 
catabolism can be a compound , a neutralizing peptide , or a 
neutralizing antibody that inactivates or blocks 15 - hydroxy 
prostaglandin dehydrogenase ( 15 - PGDH ) or inactivates or 

and 
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blocks a prostaglandin transporter , which transports PGE2 
inside cells for catabolism by 15 - PGDH . The prostaglandin 
transporter is also known as 2310021C19Rik , MATRI , 
Matrin F / Q , OATP2A1 , PGT , PHOAR2 , SLC21A2 , solute 
carrier organic anion transporter family member 2A1 , and 
SLCO2A1 . 
[ 0207 ] In some embodiments , the composition that is 
administered according to the methods of the present inven 
tion may include a stem - cell inducing molecule . In some 
cases , the stem - cell inducing molecule is a PGE2 compound 
as described herein . Other non - limiting examples of stem 
cell inducing molecules that may be used herein include 
oxytocin , beta integrin activating antibody , rapamycin , 
SetD7 inhibitors , p38 MAPK inhibitors ( such as SB202190 
and SB203580 ) , neuregulin , nerve growth factor ( NGF ) , 
Hif2alpha inhibitors , basic fibroblast growth factor ( bFGF ) , 
fibroblast growth factor 4 ( FGF4 ) , epidermal growth factor 
( EGF ) , Interleukin - la , Interleukin - 13 , TNFa , LIF , IL6 , 
interferon gamma , oncostatin M ( OSM ) , ghrelin , and apelin . 
[ 0208 ] In some embodiments , the myotoxin that is admin 
istered according to methods of the present invention is 
selected from the group consisting of an anesthetic , a 
divalent cation , venom from snakes , venom from lizards , 
venom from bees , and a combination thereof . Suitable 
divalent cations include but are not limited to Ba2 + , Sr2 + , 
Mg2 + , Ca2 + , Mn2 + , Ni2 + , Co2 + , salts thereof , and combina 
tions thereof . In some embodiments , the snake or lizard 
venom is selected from the group consisting of notexin , 
cardiotoxin , bungarotoxin , and a combination thereof . 
[ 0209 ] In some embodiments , the anesthetic is selected 
from the group consisting of an amino - amide anesthetic , an 
amino - ester anesthetic , and a combination thereof . In some 
cases , the anesthetic is a mild myotoxin . Non - limiting 
examples of amino - amide anesthetics include bupivacaine , 
levobupivacaine , articaine , ropivacaine , butanilicaine , car 
ticaine , dibucaine , etidocaine , lidocaine , mepivacaine , prilo 
caine , and trimecaine . In some embodiments , the composi 
tion comprises a combination of amino - amide anesthetics . 
[ 0210 ] In some embodiments , the anesthetic is an amino 
ester anesthetic . In particular embodiments , the amino - ester 
anesthetic is an aminobenzoic acid ester anesthetic , a ben 
zoic acid ester anesthetic , or a combination thereof . Non 
limiting examples of aminobenzoic acid ester anesthetics 
include benzocaine , butacaine , butamben , chloroprocaine , 
dimethocaine , lucaine , meprylcaine , metabutethamine , 
metabutoxycaine , nitracaine , orthocaine , propoxycaine , pro 
caine , proxymetacaine , risocaine , and tetracaine . Non - lim 
iting examples of benzoic acid anesthetics include amylo 
caine , cocaine , cyclomethycaine , a - eucaine , B - eucaine , 
hexylcaine , isobucaine , and piperocaine . In particular 
embodiments , the composition comprises a combination of 
one or more aminobenzoic acid ester anesthetics and / or one 
or more benzoic acid ester anesthetics . 
[ 0211 ] Other non - limiting examples of anesthetics that 
may have mild myotoxic effects include benzonatate , 
diperodon , fomocaine , fotocaine , hydroxyprocaine , oxeta 
caine , oxybuprocaine , paraethoxycaine , phenacaine , pirido 
caine , pramocaine , primacaine , procainamide , proparacaine , 
pyrrocaine , quinisocaine , tolycaine , and tropacocaine . 
[ 0212 ] In some embodiments , the composition for admin 
istration according to methods of the present invention 
comprises a PGE2 compound that comprises PGE2 and / or 
dmPGE2 and a myotoxin that is an anesthetic ( e . g . , bupi - 
vacaine ) . In particular embodiments , no anesthetic is admin 

istered to the subject . In some embodiments , a myotoxin that 
is not an anesthetic is administered to the subject . 
[ 0213 ] The methods provided herein can be used to pre 
vent or treat a muscle condition or disease ( e . g . , a muscle 
condition or disease associated with muscle damage , injury , 
or atrophy ) in a subject in need thereof . The method can 
provide prophylactic treatment to a subject who is likely to 
experience a muscle condition ( e . g . , muscle damage , injury , 
or atrophy ) . In some embodiments , the subject can have a 
condition or disease with possible secondary symptoms that 
affect muscle . In other embodiments , the subject has under 
gone a surgical or therapeutic procedure or intervention to 
treat the muscle condition or disease , and the method 
disclosed herein is used to prevent or inhibit recurrence or 
relapse . In some embodiments , the subject has any one of the 
conditions or diseases described herein that affects muscle . 
[ 0214 ] As used herein , the term “ treatment ” or “ treating ” 
encompasses administration of compounds and / or cells in an 
appropriate form prior to the onset of disease symptoms 
and / or after clinical manifestations , or other manifestations 
of the condition or disease to reduce disease severity , halt 
disease progression , or eliminate the disease . The term 
" prevention of ” or " preventing ” a disease includes prolong 
ing or delaying the onset of symptoms of the condition or 
disease , preferably in a subject with increased susceptibility 
to the condition or disease . In some embodiments , treating 
the subject produces an improvement in muscle strength 
and / or muscle coordination . 
[ 0215 ] The methods provided herein may be useful for 
promoting muscle regeneration in a subject in need thereof , 
for increasing muscle mass in a subject in need thereof , or 
both . Regeneration of muscle includes forming new muscle 
fibers from muscle stem cells , satellite cells , muscle pro 
genitor cells , and any combination thereof . The methods are 
also useful for enhancing or augmenting muscle repair , 
maintenance , or both . Furthermore , by promoting muscle 
regeneration , the methods provided herein also promote 
neuromuscular junction establishment and restoration of 
muscle contractile function and volume . 
0216 ] In some embodiments , the methods provided 
herein comprise administering a composition comprising a 
PGE2 compound and a myotoxin to a muscle or a muscle 
cell in vivo . In other embodiments , the methods provided 
herein comprise providing to a muscle cell a first composi 
tion comprising a PGE2 compound ex vivo , and adminis 
tering the muscle cell to a muscle in vivo . In some cases , the 
first composition may further comprise a myotoxin . In other 
cases , the administering the muscle cell to a muscle in vivo 
further comprises administering a myotoxin to the muscle in 
vivo . 
[ 0217 ] In some embodiments , the methods provided 
herein further comprise administering a senolytic drug . A 
senolytic drug is a drug that induces clearance of senescent 
cells that produce a senescence - associated secretory pheno 
type . In some cases , a senolytic drug is a drug that targets a 
pathway involving BCL - 2 , BCL - XL , MDM2 , p53 , p21 , 
serpine ( PAI - 1 & 2 ) , HSP - 90 , PI3KS , AKT , HIF1 alpha , eph 
rin , or a combination thereof . Examples of a senolytic drug 
include dasatinib , alvespimycin , geldanamycin , tanespimy 
cin ; fisetin , ABT - 263 , ABT - 767 , A1331852 , and A1155463 . 
In some cases , administering of a senolytic drug is before , 
during , after , or a combination , administering a composition 
comprising a PGE2 compound and a myotoxin . 
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[ 0218 ] According to methods of the present invention , 
compositions and pharmaceutical compositions of the pres 
ent invention ( e . g . , comprising a combination of a PGE2 
compound and a myotoxin , or comprising a PGE2 receptor 
agonist and optionally a myotoxin ) can be administered to a 
subject experiencing a muscle condition such as muscle 
injury , degeneration , damage , atrophy , or any combination 
thereof . In some instances , the muscle condition is the result 
of partial or complete denervation . Muscle atrophy can 
include loss of muscle mass , loss of muscle strength , or both . 
Muscle atrophy may affect any muscle of a subject . In some 
cases , the subject in need of the compositions , methods , and 
kits provided herein may be exhibiting or experiencing 
muscle loss due to , e . g . , age , inactivity , injury , disease , or 
any combination thereof . 
[ 0219 ] In some embodiments , compounds can activate 
muscle cell proliferation , muscle cell differentiation , fusion 
of muscle cells , or any combination thereof . In some cases , 
the muscle tissue may be regenerated . In other cases , muscle 
function ( e . g . , muscle mass , muscle strength , muscle con 
traction , or any combination thereof ) may be restored or 
enhanced . In some cases , muscle weakness and atrophy may 
be ameliorated . 
[ 0220 ] The damaged muscle can be any muscle of the 
body , including but not limited to , musculi pectoralis com 
plex , latissimus dorsi , teres major and subscapularis , bra 
chioradialis , biceps , brachialis , pronator quadratus , pronator 
teres , flexor carpi radialis , flexor carpi ulnaris , flexor digi 
torum superficialis , flexor digitorum profundus , flexor pol 
licis brevis , opponens pollicis , adductor pollicis ( e . g . , abduc 
tor pollicis brevis , abductor pollicis longus ) , flexor pollicis 
brevis , iliopsoas , psoas , rectus abdominis , rectus femoris , 
gluteus maximus , gluteus medius , medial hamstrings , gas 
trocnemius , lateral hamstring , quadriceps mechanism , 
adductor longus , adductor brevis , adductor magnus , gastroc 
nemius medial , gastrocnemius lateral , soleus , tibialis poste 
rior , tibialis anterior , flexor digitorum longus , flexor digito 
rum brevis , flexor hallucis longus , extensor hallucis longus , 
hand muscles , arm muscles , foot muscles , leg muscles , chest 
muscles , stomach muscles , back muscles , buttock muscles , 
shoulder muscles , head and neck muscles , facial muscles , 
oculopharyngeal muscles , and the like . In some instances , 
the muscle may be an abductor pollicis brevis muscle . 
[ 0221 ] Subjects in need of muscle regeneration may have 
musculoskeletal injuries ( e . g . , fractures , strains , sprains , 
acute injuries , overuse injuries , and the like ) , post - trauma 
damages to limbs or face , athletic injuries , post - fractures in 
the aged , soft tissue hand injuries , muscle atrophy ( e . g . , loss 
of muscle mass ) , Duchenne muscular dystrophy ( DMD ) , 
Becker muscular dystrophy , Fukuyama congenital muscular 
dystrophy ( FCMD ) , limb - girdle muscular dystrophy 
( LGMD ) , congenital muscular dystrophy , facioscapu 
lohumeral muscular dystrophy ( FHMD ) , myotonic muscular 
dystrophy , oculopharyngeal muscular dystrophy , distal mus 
cular dystrophy , Emery - Dreifuss muscular dystrophy , myo 
tonia congenita , myotonic dystrophy , other muscular dys 
trophies , muscle wasting disease , such as cachexia due to 
cancer , end stage renal disease ( ESRD ) , acquired immune 
deficiency syndrome ( AIDS ) , or chronic obstructive pulmo 
nary disease ( COPD ) , post - surgical muscle weakness , post 
traumatic muscle weakness , sarcopenia , inactivity ( e . g . , 
muscle disuse or immobility ) , urethral sphincter deficiency , 
urethral sphincter deficiency , neuromuscular disease , and 
the like . 

[ 0222 ] Non - limiting examples of neuromuscular diseases 
include , but are not limited to , acid maltase deficiency , 
amyotrophic lateral sclerosis , Andersen - Tawil syndrome , 
Becker muscular dystrophy , Becker myotonia congenita , 
Bethlem myopathy , bulbospinal muscular atrophy , carnitine 
deficiency , carnitine palmityl transferase deficiency , central 
core disease , centronuclear myopathy , Charcot - Marie - Tooth 
disease , congenital muscular dystrophy , congenital myas 
thenic syndromes , congenital myotonic dystrophy , Cori dis 
ease , Debrancher enzyme deficiency , Dejerine - Sottas dis 
ease , dermatomyositis , distal muscular dystrophy , Duchenne 
muscular dystrophy , dystrophia myotonica , Emery - Dreifuss 
muscular dystrophy , endocrine myopathies , Eulenberg dis 
ease , facioscapulohumeral muscular dystrophy , tibial distal 
myopathy , Friedreich ' s ataxia , Fukuyuma congenital mus 
cular dystrophy , glycogenosis type 10 , glycogenosis type 11 , 
glycogenosis type 2 , glycogenosis type 3 , glycogenosis type 
5 , glycogenosis type 7 , glycogenosis type 9 , Gowers - Laing 
distal myopathy , hereditary inclusion - body myositis , hyper 
thyroid myopathy , hypothyroid myopathy , inclusion - body 
myositis , inherited myopathies , integrin - deficient congenital 
muscular dystrophy , spinal - bulbar muscular atrophy , spinal 
muscular atrophy , lactate dehydrogenase deficiency , Lam 
bert - Eaton myasthenic syndrome , McArdel disease , 
merosin - deficient congenital muscular dystrophy , metabolic 
diseases of muscle , mitochondrial myopathy , Miyoshi distal 
myopathy , motor neuron disease , muscle - eye - brain disease , 
myasthenia gravis , myoadenylate deaminase deficiency , 
myofibrillar myopathy , myophosphorylase deficiency , myo 
tonia congenital , myotonic muscular dystrophy , myotubular 
myopathy , nemaline myopathy , Nonaka distal myopathy , 
oculopharyngeal muscular dystrophy , paramyotonia con 
genital , Pearson syndrome , periodic paralysis , phosphofruc 
tokinase deficiency , phosphoglycerate kinase deficiency , 
phosphoglycerate mutase deficiency , phosphorylase defi 
ciency , polymyositis , Pompe disease , progressive external 
ophthalmoplegia , spinal muscular atrophy , Ullrich congeni 
tal muscular dystrophy , Welander distal myopathy , ZASP 
related myopathy , and the like . 
[ 0223 ] Muscle atrophy ( e . g . , muscle wasting ) can be 
caused by or associated with , for example , normal aging 
( e . g . , sarcopenia ) , genetic abnormalities ( e . g . , mutations or 
single nucleotide polymorphisms ) , poor nourishment , poor 
circulation , loss of hormonal support , disuse of the muscle 
due to lack of exercise ( e . g . , bedrest , immobilization of a 
limb in a cast , etc . ) , a surgical procedure ( e . g . , surgical 
treatment ) , trauma ( e . g . , accidental trauma ) , injury ( e . g . , 
accidental injury ) , aging , damage to the nerve innervating 
the muscle , poliomyelitis , amyotrophic lateral sclerosis 
( ALS or Lou Gehrig ' s disease ) , heart failure , liver disease , 
diabetes , obesity , metabolic syndrome , demyelinating dis 
eases ( e . g . , multiple sclerosis , Charcot - Marie - Tooth disease , 
Pelizaeus - Merzbacher disease , encephalomyelitis , neuro 
myelitis optica , adrenoleukodystrophy , and Guillian - Barre 
syndrome ) , denervation , fatigue , exercise - induced muscle 
fatigue , frailty , neuromuscular disease , weakness , chronic 
pain , and the like . 
[ 0224 ] In particular embodiments , the muscle condition or 
disease that is prevented or treated is selected from the group 
consisting of : traumatic injury ( e . g . , acute muscle trauma , 
acute nerve trauma ) , acute muscle injury , acute nerve injury , 
chronic nerve injury , soft tissue hand injury , carpal tunnel 
syndrome ( CTS ) , Duchenne muscular dystrophy ( DMD ) , 
Becker muscular dystrophy , limb girdle muscular dystrophy , 
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amyotrophic lateral sclerosis ( ALS ) , distal muscular dystro 
phy ( DD ) , inherited myopathies , myotonic muscular dystro 
phy ( MDD ) , mitochondrial myopathies , myotubular myo 
pathy ( MM ) , myasthenia gravis ( MG ) , congestive heart 
failure , periodic paralysis , polymyositis , rhabdomyolysis , 
dermatomyositis , cancer cachexia , AIDS cachexia , cardiac 
cachexia , stress induced urinary incontinence , sarcopenia , 
spinal muscular atrophy , fecal sphincter dysfunction , Bell ' s 
palsy , rotator cuff injury , spinal cord injury , hip replacement , 
knee replacement , wrist fracture , diabetic neuropathy , gas 
troesophageal reflux disease ( GERD ) , obstructive sleep 
apnea ( OSA ) , pelvic floor disorders ( e . g . , stress urinary 
incontinence , overactive bladder / urinary urgency inconti 
nence , mixed urinary incontinence , pelvic organ prolapse , 
fecal incontinence ) , musculoskeletal disorders ( e . g . , 
impaired hand function , impaired thumb function , impaired 
foot function ) , plantar fasciitis , foot drop , disuse - induced 
muscle atrophy , impaired eyelid function ( e . g . , eyelid droop 
ing , impaired blinking , entropion , ectropion ) , strabismus , 
nystagmus , and presbyopia . In some instances , the subject 
has ulnar nerve entrapment ( e . g . , at the elbow ) , either with 
or without muscle wasting . Additional examples of suitable 
conditions may include muscle disorders that affect small 
isolated muscles that can be regenerated with localized 
transplantation of small numbers of cells , including : atrophy 
and muscle dysfunction in the face or hand after nerve injury 
or direct trauma that does not recover after reinnervation ; 
extraocular muscle injury causing inability to move the eye 
and dipoplia seen in Graves ' disease , traumatic injury , and 
progressive external ophthalmoplegia ; and urinary and fecal 
incontinence . 
[ 0225 ] In some embodiments , the subject has received a 
traumatic injury . In other embodiments , the muscle condi 
tion being treated is a traumatic injury . In particular embodi 
ments , the traumatic injury comprises blunt trauma or a 
crush injury . In some instances , the traumatic injury com 
prises blunt trauma or a crush injury to a limb ( e . g . , arm , leg , 
hand , foot , digit ) . In some embodiments , the traumatic 
injury is accidental . In some embodiments , the PGE2 com 
pound ( e . g . , PGE2 receptor agonist ) is administered imme 
diately after the traumatic injury has occurred . In some 
embodiments , a combination of the PGE2 compound ( e . g . , 
PGE2 receptor agonist ) and the myotoxin is administered 
immediately after the traumatic injury has occurred . In some 
embodiments , the PGE2 compound ( e . g . , PGE2 receptor 
agonist ) and the myotoxin are administered simultaneously 
to the subject . In some embodiments , the PGE2 compound 
or the combination of the PGE2 compound and the myo 
toxin is administered within about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 
27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 
43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 58 , 
59 , or 60 minutes after occurrence of the traumatic injury . In 
other embodiments , the PGE2 compound or the combination 
of the PGE2 compound and the myotoxin is administered 
within about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 
16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , or 24 hours of occurrence of 
the traumatic injury . The PGE2 compound ( e . g . , PGE2 
receptor agonist ) or the combination of the PGE2 compound 
and the myotoxin can be administered , 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 
9 , 10 , or more times following occurrence of the traumatic 
injury . 
[ 0226 ] In some embodiments , a subject who is treated 
( e . g . , for a muscle condition or disease , or prophylactically ) 

according to methods of the present invention receives a 
surgical procedure ( e . g . , surgical treatment ) . In some 
embodiments , the surgical procedure is for the prevention , 
reduction , or repair of a nerve injury . As a non - limiting 
example , the nerve injury ( e . g . , that is surgically treated ) can 
be a peripheral nerve injury . In some instances , a subject 
who is treated or given prophylactic treatment ( e . g . , for a 
muscle condition or disease ) according to methods of the 
present invention undergoes a carpal tunnel release proce 
dure . In some embodiments , the surgical procedure com 
prises cutting a muscle , repairing a muscle , or both . As a 
non - limiting example , a PGE2 compound ( e . g . , a PGE2 
receptor agonist ) , or a combination of a PGE2 compound 
and a myotoxin can be administered in conjunction with a 
Caesarean section , a hip replacement , or a knee replacement 
( e . g . , a PGE2 compound , or a combination of a PGE2 
compound and a myotoxin can be administered at the same 
time that a Caesarean section , hip replacement , or knee 
replacement is performed ) . In some embodiments , the meth 
ods of the present invention enhance post - operative recov 
ery . Methods of the present invention can also be used to 
enhance the function of small muscles , the strength of small 
muscles , or both ( e . g . , hand , facial , oculopharyngeal 
muscles ) . When used in conjunction with a surgical proce 
dure , methods of the present invention can be performed , 
before surgery , during surgery , after surgery , or any combi 
nation thereof . In some embodiments , only a PGE2 com 
pound ( e . g . , a PGE2 receptor agonist ) is administered ( e . g . , 
before , at the same time , or after a surgical procedure ) . In 
particular embodiments , no anesthetic is delivered . As a 
non - limiting example , in some instances , methods of the 
present invention may eliminate the need for the adminis 
tration of marcaine . 
[ 0227 ] The compositions and pharmaceutical composi 
tions ( e . g . , comprising a PGE2 compound and a myotoxin , 
or comprising a PGE2 receptor agonist and optionally a 
myotoxin ) can be administered topically , orally , intraperito 
neally , intramuscularly , intra - arterially , intradermally , sub 
cutaneously , intravenously , intracranially , intrathecally , 
intraspinally , intralesionally , intranasally , intracerebroven 
tricularly , by inhalation and / or by intracardiac injection . The 
compositions can be administered in accordance with an 
acute regimen ( e . g . , single or intermittent dosing ) or a 
chronic regimen ( e . g . , continuous dosing ) . 
[ 0228 ] When a combination of a PGE2 compound ( e . g . , a 
PGE2 receptor agonist ) and a myotoxin are administered , 
the PGE2 compound and the myotoxin can be administered 
concomitantly or sequentially . When the PGE2 compound 
and the myotoxin are administered sequentially , the PGE2 
compound can be administered first , followed by the myo 
toxin , or vice versa . In some embodiments , the order of 
sequential administration alternates or otherwise varies 
between treatments ( e . g . , during one treatment , a PGE2 
compound is administered first , followed by administration 
of the myotoxin , then during a subsequent treatment the 
myotoxin is administered first , followed by the PGE2 com 
pound ) . 
[ 0229 ] When a PGE2 compound ( e . g . , a PGE2 receptor 
agonist ) and a myotoxin are administered sequentially , 
administration of the compounds can be separated by some 
length of time . In some cases , administration of the com 
pounds is separated by about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 
12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 
28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 
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44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 
60 , or more minutes . In other cases , administration of the 
compounds is separated by about 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 , 10 , 
11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 22 , 23 , 24 , or more 
hours . In other cases , administration of the compounds is 
separated by about 1 , 2 , 3 , 4 , 5 , 6 , 7 , or more days . 
[ 0230 ] In some embodiments , a dose of the PGE2 com 
pound ( e . g . , PGE2 receptor agonist ) , the myotoxin , or both , 
is determined based upon the size of a target muscle . As a 
non - limiting example , a dose can comprise about 10 ng of 
the PGE2 compound ( e . g . , PGE2 receptor agonist ) , the 
myotoxin , or both , when the target muscle is an abductor 
pollicis brevis muscle ( e . g . , an abductor pollicis brevis 
muscle that is of about average size ) . As other non - limiting 
examples , a dose can comprise about 0 . 1 , 0 . 2 , 0 . 3 , 0 . 4 , 0 . 5 , 
0 . 6 , 0 . 7 , 0 . 8 , 0 . 9 , 1 , 1 . 5 , 2 , 2 . 5 , 3 , 3 . 5 , 4 , 4 . 5 , 5 , 5 . 5 , 6 , 6 . 5 , 
7 , 7 . 5 , 8 , 8 . 5 , 9 , 9 . 5 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 
20 , 25 , 30 , 25 , 40 , 45 , 50 , or more mg of the PGE2 
compound ( e . g . , PGE2 receptor agonist ) , the myotoxin , or 
both , per kg of muscle tissue . 
[ 0231 ] In other embodiments , a dose of the PGE2 com 
pound ( e . g . , PGE2 receptor agonist ) , the myotoxin , or both , 
is based on the body weight of the subject . In particular 
embodiments , a dose of the PGE2 compound ( e . g . , PGE2 
receptor agonist ) , the myotoxin , or both , is about 0 . 1 , 0 . 2 , 
0 . 3 , 0 . 4 , 0 . 5 , 0 . 6 , 0 . 7 , 0 . 8 , 0 . 9 , 1 , 1 . 5 , 2 , 2 . 5 , 3 , 3 . 5 , 4 , 4 . 5 , 
5 , 5 . 5 , 6 , 6 . 5 , 7 , 7 . 5 , 8 , 8 . 5 , 9 , 9 . 5 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 
17 , 18 , 19 , 20 , 25 , 30 , 25 , 40 , 45 , 50 , or more mg per kg of 
the subject ' s body weight . 
[ 0232 ] In some embodiments , the subject is also admin 
istered a population of isolated ( or isolated and purified ) 
muscle cells that are either autologous or allogeneic to the 
subject . The cells can be isolated , purified , or both , by any 
method known to those of skill in the art . The cells can be 
a homogenous or heterogeneous population of muscle cells . 
10233 ] The isolated muscle cells can be administered by 
injection or transplantation . In some embodiments , compo 
sitions , the pharmaceutical compositions , or both , described 
herein ( e . g . , comprising a PGE2 compound and a myotoxin , 
or comprising a PGE2 receptor agonist and optionally a 
myotoxin ) and the cells may be administered together or 
concomitantly . In other embodiments , the compositions , the 
pharmaceutical compositions , or both , and the cells may be 
administered sequentially . In some cases , the compositions , 
the pharmaceutical compositions , or both , may be adminis 
tered before the cells . In other cases , the cells may be 
administered before the compositions , the pharmaceutical 
compositions , or both . Furthermore , the cells can be admin 
istered before , during , or after a surgical procedure ( e . g . , 
surgical treatment , e . g . , for treatment of a nerve injury or a 
muscle condition or disease ) . 
10234 ] The population of muscle cells administered to the 
subject can include skeletal muscle cells , smooth muscle 
cells , cardiac muscle cells , embryonic stem cell - derived 
muscle cells , induced pluripotent stem cell - derived muscle 
cells , dedifferentiated muscle cells , or any combinations 
thereof . Additionally , the muscle cells administered to the 
subject can be muscle stem cells , satellite cells , myocytes , 
myoblasts , myotubes , myofibers , or any combination 
thereof . The compositions and / or pharmaceutical composi 
tions described herein ( e . g . , comprising a PGE2 compound 
and a myotoxin , or comprising a PGE2 receptor agonist and 
optionally a myotoxin ) can be administered to the subject by 
topical , oral , intraperitoneal , intramuscular , intra - arterial , 

intradermal , subcutaneous , intravenous , or intracardiac 
administration . In some cases , the compositions and / or 
pharmaceutical compositions may be administered directly 
to the dysfunctional , injured , damaged and / or atrophied 
muscle . The compositions and / or pharmaceutical composi 
tions can be administered in accordance with an acute 
regimen ( e . g . , single or intermittent dosing ) or a chronic 
regimen ( e . g . , continuous dosing ) . 
[ 0235 ] Satellite cells are small mononuclear progenitor 
cells that can reside within muscle tissue . These cells can be 
induced to proliferate and differentiate into muscle cells , and 
in some instances , fuse to muscle fibers . During muscle 
damage or injury , quiescent satellite cells ( e . g . , satellite cells 
that are not differentiating or undergoing cell division at 
present ) and muscle stem cells can be activated to prolifer 
ate , and / or migrate out of the muscle stem cell niche . The 
satellite cells and muscle stem cells can also differentiate 
into myocytes , myoblasts , or other muscle cell types . 
[ 0236 ] Methods and protocols for generating muscle cells 
from embryonic stem cells are described , e . g . , in Hwang et 
al . , PLoS One , 2013 , 8 ( 8 ) : e72023 ; and Darabi et al . , Cell 
Stem Cell , 2012 , 10 ( 5 ) : 610 - 9 . Methods and protocols for 
generating muscle cells from induced pluripotent stem cells 
are described , e . g . , in Darabi et al . , Cell Stem Cell , 2012 , 
10 ( 5 ) : 610 - 9 ; Tan et al . , PLoS One , 2011 ; and Mizuno et al . , 
FASEB J . , 2010 , 24 ( 7 ) : 2245 - 2253 . 
10237 ] . In some embodiments , muscle cells are obtained by 
biopsy from a muscle such as a mature or adult muscle , e . g . , 
quadriceps , gluteus maximus , biceps , triceps , or any muscle 
from an individual . The muscle can be a skeletal muscle , 
smooth muscle , or cardiac muscle . Detailed descriptions of 
methods of isolating smooth muscle stem cells can be found , 
e . g . , in U . S . Pat . No . 8 , 747 , 838 , and U . S . Patent App . Publ . 
No . 20070224167 . Methods of isolating muscle cells of 
interest such as muscle stem cells or satellite cells from 
muscle tissue are described in detail , for example , in Blanco 
Bose et al . , Exp . Cell Res . , 2001 , 26592 : 212 - 220 . 
[ 0238 ] Methods for purifying a population of muscle cells 
of interest , e . g . , muscle stem cells , muscle satellite cells , 
myocytes , myoblasts , myotubes , and / or myofibers include 
selecting , isolating or enriching for a cell having a specific 
cell surface marker or a specific polypeptide that is 
expressed on the cell surface of the muscle cell of interest . 
Useful cell surface markers are described in , e . g . , Fukada et 
al . , Front . Physiol . , 2013 , 4 : 317 . Cell sorting methods such 
as flow cytometry , e . g . , fluorescence - activated cell sorting 
( FACS ) ; magnetic bead cell separation , e . g . , magnetic 
activated cell sorting ( MACS ) , and other antibody - based 
cell sorting methods can be performed to isolate or separate 
the muscle cells of interest from other cell types . 
[ 0239 ] The isolated population of muscle cells of interest 
can be expanded or multiplied using conventional culture 
based methods . Methods for culture muscle cells are found 
in , e . g . , U . S . Pat . No . 5 , 324 , 656 . In some cases , the cells 
may be cultured on a scaffold or gel such as a hydrogel . 
[ 0240 ] In some embodiments , the cells may be stimulated 
to proliferate by culturing the cells with the PGE2 com 
pound ( e . g . , PGE2 receptor agonist ) and / or myotoxin prior 
to administering them to the subject . The cells can be 
acutely , intermittently or continuously exposed to the com 
pound during in vitro culturing . In some cases , the popula 
tion of muscle cells may increase by at least about 1 % , at 
least about 5 % , at least about 10 % , at least about 15 % , at 
least about 20 % , at least about 25 % , at least about 30 % , at 
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least about 35 % , at least about 40 % , at least about 45 % , at 
least about 50 % , at least about 60 % , at least about 70 % , at 
least about 80 % , at least about 90 % , at least about 100 % , at 
least about 200 % , at least about 500 % , at least about 1000 % , 
or more after culturing with the PGE2 compound ( e . g . , 
PGE2 receptor agonist ) and / or myotoxin . 
[ 0241 ] The methods described herein can be used to 
increase the number of muscle fibers by at least about 1 % , 
at least about 5 % , at least about 10 % , at least about 15 % , at 
least about 20 % , at least about 25 % , at least about 30 % , at 
least about 35 % , at least about 40 % , at least about 45 % , at 
least about 50 % , at least about 60 % , at least about 70 % , at 
least about 80 % , at least about 90 % , at least about 100 % , at 
least about 200 % , at least about 500 % , at least about 1000 % , 
or more . In some embodiments , the methods can increase 
the growth of a damaged , injured , atrophied , or degenerated 
muscle . 
( 0242 ] In some embodiments , a target muscle may be 
subjected to mechanical injury . As non - limiting examples , 
mechanical injury can comprise cutting , burning , freezing , 
needle puncture , exercise ( e . g . , brief or prolonged exercise ) , 
a surgical procedure ( e . g . , surgical treatment ) , traumatic 
injury ( e . g . , accidental trauma or injury ) , or a combination 
thereof . In some instances , the mechanical injury is before , 
after , or concomitant with administration of a PGE2 com 
pound ( e . g . , PGE2 receptor agonist ) . In some embodiments , 
when performed in conjunction with administration of a 
PGE2 compound ( e . g . , PGE2 receptor agonist ) , mechanical 
injury acts as a regenerative inducer that stimulates muscle 
cell proliferation , muscle cell growth , muscle cell survival , 
muscle regeneration , muscle growth , and / or an increase in 
muscle mass . In particular embodiments , mechanical injury 
acts as a regenerative inducer when a myotoxin is not 
administered to the subject . 
[ 0243 ] In some instances , the mechanical injury is before , 
after , or concomitant with administration of a PGE2 receptor 
agonist . In some instances , the mechanical injury is before , 
after , or concomitant with administration of a myotoxin . In 
some other instances , the mechanical injury is before , after , 
or concomitant with administration of a combination of a 
PGE2 compound ( e . g . , PGE2 receptor agonist ) and a myo 
toxin . 
[ 0244 ] C . Methods of Treating Ocular Disorders or Dis 
eases 
[ 0245 ] In one aspect , the methods may comprise the 
administration of a therapeutic composition comprising a 
PGE2 compound and / or a myotoxin , as described herein , to 
the ocular system of a subject in need thereof . In some 
embodiments , the therapeutic composition comprising a 
PGE2 compound and / or a myotoxin can be administered to 
a subject in need thereof to treat an ocular disorder or 
disease . In other embodiments , the therapeutic composition 
comprising a PGE2 compound and / or a myotoxin can be 
administered to a subject in need thereof to improve an eye 
function . In further embodiments , the therapeutic composi 
tion comprising a PGE2 compound and / or a myotoxin can 
be administered to a subject in need thereof to enhance the 
effectiveness of an existing approach to treat an ocular 
disorder or disease , such as cataract surgery or retinal 
surgery . 

helps move dirt and other particles off the surface of the eye . 
When something approaches the eye , the eyelid closes to 
protect the eye against injuries . Eyelid function may be 
impaired and result in an ocular disorder or disease . In some 
cases , the eyelid may droop , resulting in a disorder such as 
ptosis . In other cases , the eyelid may turn in or out , resulting 
in disorders such as entropion or ectropion . In other cases , 
the eyelid may have abnormal blinking or twitching , result 
ing in disorders such as dry eye syndrome or wet eye 
syndrome ( epiphora ) . In certain aspects , methods are pro 
vided herein for the treatment of an ocular disease or 
disorder due to impaired eyelid function . In some cases , the 
method comprises administering a therapeutic composition 
comprising a PGE2 compound and / or a myotoxin to a 
subject in need thereof to improve an eyelid function . In 
some cases , an eyelid function may be improved by inducing 
muscle regeneration in an eye muscle . The eye muscle may 
be a muscle that impacts an eyelid function . Non - limiting 
examples of eye muscles include the levator muscle , 
Muller ' s muscle or orbicularis . In some cases , the methods 
may comprise administering a therapeutic composition of 
the disclosure ( e . g . , a PGE2 compound and / or a myotoxin ) 
to an eye muscle . 
[ 0247 ] Eyelid Drooping 
[ 0248 ] Eyelid drooping is excess sagging of the upper 
eyelid . In some cases , the edge of the upper eyelid may be 
lower than it should , also known as ptosis . In other cases , 
there may be excess baggy skin in the upper eyelid , also 
known as dermatochalasis . In other cases , it may be a 
combination of ptosis and dermatochalasis . Eyelid drooping 
may be due to the weakness of an eyelid muscle . In some 
cases , the cause of the weakness of the eyelid muscle may 
be due to the normal aging process , or a result of an injury 
or a disease . In some cases , eyelid drooping may be asso 
ciated with another disorder such as a tumor around or 
behind the eye , diabetes , Horner syndrome , Myasthenia 
gravis , stroke , swelling in the eyelid ( e . g . , stye ) . In other 
cases , eyelid drooping may be congenital . In other cases , 
eyelid drooping may be due to botox administration / expo 
sure . 
[ 0249 ] In some aspects , the methods of the disclosure may 
involve treating eyelid drooping . In some cases , the methods 
may comprise administering a therapeutic composition com 
prising a PGE2 compound and / or a myotoxin to a subject 
having , suspected of having , or at risk of developing eyelid 
drooping . In some cases , eyelid drooping may include 
ptosis , dermatochalasis , or both . In some embodiments , 
treating eyelid drooping may include treating ptosis , der 
matochalasis , or both . In some embodiments , the methods 
may involve treating eyelid drooping caused by weakness of 
the eye muscle , such as weakness due to the aging process , 
or as a result of injury or disease . In some embodiments , the 
methods may involve treating eyelid drooping caused by a 
tumor around or behind the eye , Horner syndrome , Myas 
thenia gravis , stroke , or swelling in the eye ( e . g . , stye ) . In 
some cases , the methods involve administering a therapeutic 
composition of the disclosure to an eyelid muscle of a 
subject having eyelid drooping . In some embodiments , the 
therapeutic composition may treat eyelid drooping by induc 
ing muscle regeneration of an eyelid muscle of a subject . In 
some cases , the eyelid muscle may be the levator muscle , 
Muller ' s muscle , orbicularis , the frontalis muscle , or any 
one of the facial muscles . In some cases , the methods may 
involve administering a therapeutic composition of the dis 

Eyelid Function 
[ 0246 ] The eyelids protect the eyes . When the eye blinks , 
the eyelid spreads moisture over the eyes . Blinking also 
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closure to any one of the levator muscle , Muller ' s muscle , 
orbicularis , the frontalis muscle , or the facial muscles . 
[ 0250 ] In some embodiments , the therapeutic composition 
may be administered in combination with eyelift surgery 
( e . g . , blepharoplasty ) to treat eyelid drooping . In some 
cases , the therapeutic composition can be administered 
before surgery , during surgery , after surgery , or any combi 
nation thereof . In other embodiments , the therapeutic com 
position may be administered without eyelift surgery to treat 
eyelid drooping . 
[ 0251 ] In some embodiments , the therapeutic composition 
( e . g . , comprising a PGE2 compound and / or a myotoxin ) 
may be administered by topical administration , intradermal 
administration , intramuscular administration , or a combina 
tion thereof . In some cases , the therapeutic composition is 
administered by intramuscular administration . In some 
cases , intramuscular administration comprises injection of 
an eyelid muscle . The eyelid muscle may include any one of 
the levator muscle , Muller ' s muscle , the orbicularis muscle , 
the frontalis muscle , or the facial muscles . In some cases , an 
anesthetic may be administered to an eye of a subject prior 
to injection of the therapeutic composition . In some cases , 
the eyelid muscle may be injected with surgical exposure ; in 
other cases , the eyelid muscle may be injected without 
surgical exposure . In some embodiments , a 27 - , 28 - , 29 - or 
30 - gauge needle may be used to inject the eyelid muscle . 
[ 0252 ] In some embodiments , the methods of the disclo 
sure may involve injecting an eyelid muscle of a subject in 
need thereof with a volume of about 0 . 01 mL to about 0 . 15 
mL of a therapeutic composition of the disclosure ( e . g . , 
comprising a PGE2 compound and / or a myotoxin ) . In some 
embodiments , the eyelid muscle may be injected with at 
least about 0 . 01 mL of a therapeutic composition . In some 
embodiments , the eyelid muscle may be injected with at 
most about 0 . 15 mL of a therapeutic composition of the 
disclosure ( e . g . , comprising a PGE2 compound and / or a 
myotoxin ) . In some embodiments , the eyelid muscle may be 
injected with greater than 0 . 01 mL , greater than 0 . 02 mL , 
greater than 0 . 03 mL , greater than 0 . 04 mL , greater than 
0 . 05 mL , greater than 0 . 06 mL , greater than 0 . 07 mL , greater 
than 0 . 08 mL , greater than 0 . 09 mL , greater than 0 . 10 mL , 
greater than 0 . 11 mL , greater than 0 . 12 mL , greater than 0 . 13 
mL , or greater than 0 . 14 mL of a therapeutic composition of 
the disclosure ( e . g . , comprising a PGE2 compound and / or a 
myotoxin ) . 
[ 0253 ] In some aspects , the effectiveness of a therapeutic 
composition of the disclosure to treat eyelid drooping may 
be determined by conducting tests before administration , 
after administration , or both . In some cases , the tests may 
determine how much the eyelid is drooping before admin 
istration , after administration , or both . In some cases , the test 
may be a slit - lamp examination , a tension test , a visual field 
test , or a combination thereof . In some embodiments , the 
dose of the therapeutic composition may be adjusted after 
determining the effectiveness of a prior administration . In 
some cases , the dose of the PGE2 compound , the myotoxin , 
or both , may increase . In other cases , the dose of the PGE2 
compound , the myotoxin , or both , may decrease . In some 
cases , the dose of the PGE2 compound , the myotoxin , or 
both , may not change . In some embodiments , the frequency 
of administration of a therapeutic composition of the dis 
closure ( e . g . , comprising a PGE2 compound , a myotoxin , or 
both ) may be adjusted after determining the effectiveness of 
an administration of the therapeutic composition . In some 

cases , only a single administration of the therapeutic com 
position may be needed to treat eyelid drooping . In some 
cases , two , three , four , five , or more than five administra 
tions of the therapeutic composition may be needed . In some 
cases , the frequency of administration may be increased 
after determining the effectiveness of a prior administration . 
In other cases , the frequency of administration may be 
decreased after determining the effectiveness of a prior 
administration . 
[ 0254 ] In some embodiments , a subject in need of a 
therapeutic composition of the disclosure may be identified 
by a test prior to administration of the therapeutic compo 
sition . In some cases , the test may be a phenylephrine 
chemical test . In such cases , a positive reaction to the 
phenylephrine chemical test may identify the subject as a 
candidate for regeneration of Muller ' s muscle . In some 
cases , a subject may be treated for eyelid drooping by 
injecting Muller ' s muscle with a therapeutic composition of 
the disclosure ( e . g . , comprising a PGE2 compound , a myo 
toxin , or both ) . 
[ 0255 ] In some aspects , methods are provided for treating 
irregular astigmatism comprising administering a therapeu 
tic composition of the disclosure ( e . g . , comprising a PGE2 
compound , a myotoxin , or both ) to a subject in need thereof . 
Irregular astigmatism may be due to scarring of the cornea 
as a result of eyelid dropping . In some cases , irregular 
astigmatism may be treated by treating eyelid drooping as 
described herein . 
[ 0256 ] Impaired Blinking 
[ 0257 ] Blinking prevents harmful substances from getting 
into the eye and may be important in the homeostasis of a 
healthy ocular tear and corneal epithelial surface . The lac 
rimal gland produces a lubricating fluid for the eye . When 
the eye blinks , the eyelid moves fluid from the lacrimal 
gland and across the eye . When the eye becomes irritated , 
the lacrimal gland produces extra fluid to wash out any 
impurities . The excess fluid drains through a tear duct and 
into the nasal cavity . The blinking function of the eye may 
become impaired , impacting the health of the eye . In some 
cases , impaired blinking may result in dry eye syndrome , or 
symptoms similar to dry eye syndrome . In other cases , 
impaired blinking may result in wet eye syndrome , or 
symptoms similar to wet eye syndrome . Impaired blinking 
may be due to many causes including eyelid laxity , lack of 
eyelid control , and weakness of other eye muscles . Impaired 
blinking can cause severe damage to the cornea from 
desiccation and can lead to devastating corneal diseases such 
as neurotrophic cornea . 
[ 0258 ] In some aspects , methods are provided for treating 
impaired blinking in a subject in need thereof . In some cases , 
the methods may comprise administering a therapeutic com 
position of the disclosure ( e . g . , comprising a PGE2 com 
pound and / or a myotoxin ) to a subject having , suspected of 
having , or at risk of developing impaired blinking . In some 
cases , the methods may comprise administering a therapeu 
tic composition of the disclosure to a subject having , sus 
pected of having , or at risk of developing dry eye syndrome . 
In some embodiments , the therapeutic composition may be 
administered to treat dry eye syndrome associated with 
impaired blinking , with lacrimal gland atrophy , with 7th 
nerve palsy , or with repeated styes . In some cases , the 
methods may comprise administering a therapeutic compo 
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sition of the disclosure to a subject having , suspected of 
having , or at risk of developing wet eye syndrome ( epiphora 
or excessive tearing ) . 
[ 0259 ] In some embodiments , the therapeutic composition 
may treat impaired blinking , dry eye syndrome , wet eye 
syndrome , or a combination thereof , by inducing muscle 
regeneration in an eye muscle of the subject . In some cases , 
the eye muscle comprises a muscle that impacts blinking . In 
some cases , the eye muscle may include any one of the 
orbicularis muscle , the muscle of Riolan , Homer ' s muscle , 
the frontalis muscle , or the facial muscles . The facial 
muscles may include the occipitofrontalis muscle , the tem 
poroparietalis muscle , the procerus muscle , the nasalis 
muscle , the depressor septi nasi muscle , the orbicularis oculi 
muscle , the corrugator supercilii muscle , the depressor 
supercilii muscle , the auricular muscles ( anterior , superior 
and posterior ) , the orbicularis oris muscle , the depressor 
anguli oris muscle , the risorius , the zygomaticus major 
muscle , the zygomaticus minor muscle , the levator labii 
superioris , the levator labii superioris alaeque nasi muscle , 
the depressor labii inferioris muscle , the levator anguli oris , 
the buccinator muscle , or the mentalis . In some cases , 
impaired blinking , dry eye syndrome , or wet eye syndrome 
can be treated by administering a therapeutic composition of 
the disclosure ( e . g . , comprising a PGE2 compound , a myo 
toxin , or both ) to the orbicularis muscle , the muscle of 
Riolan , Homer ' s muscle , the frontalis muscle , any one of the 
facial muscles , or a combination thereof . Recent studies 
have shown the importance of muscle stem cells ( MUSCs ) in 
stimulating neuromuscular junctions in denervated muscles 
( Liu et al . , 2015 ) , although until recently improving the 
recovery of muscle function following denervation 
remained an unsolved problem . A solution to this problem 
lies in the ability to reverse or prevent denervation atrophy 
by stimulating and augmenting MuSCs that are already 
present in the muscles . 
[ 0260 ] In some embodiments , methods of treating 
impaired blinking , dry eye syndrome , or wet eye syndrome 
may include administering a therapeutic composition of the 
disclosure ( e . g . , comprising a PGE2 compound , and / or a 
myotoxin ) to a subject in need thereof by topical adminis 
tration , intradermal administration , intramuscular adminis 
tration , or a combination thereof . In some cases , the thera 
peutic composition may be administered by intramuscular 
administration . In some cases , the intramuscular adminis 
tration may comprise injection of an eye muscle . The eye 
muscle may include any one of the orbicularis muscle , the 
muscle of Riolan , Homer ' s muscle , the frontalis muscle , or 
the facial mucles . Recent studies have shown the importance 
of muscle stem cells ( MuSCs ) in stimulating neuromuscular 
junctions in denervated muscles , although until recently 
improving the recovery of muscle function following den 
ervation remained an unsolved problem . A solution to this 
problem lies in the ability to reverse or prevent denervation 
atrophy by stimulating and augmenting MuSCs that are 
already present in the muscles . 
[ 0261 ] In some embodiments , the methods may comprise 
administering a therapeutic composition of the disclosure to 
a muscle that impacts a function of the lacrimal gland to treat 
impaired blinking associated with lacrimal gland dysfunc 
tion , such as lacrimal gland atrophy . In some cases , an 
anesthetic may be administered to an eye of the prior to 
injection of the therapeutic composition . In some cases , the 
eyelid muscle may be injected with surgical exposure ; in 

other cases , the eyelid muscle may be injected without 
surgical exposure . In some embodiments , a 27 - , 28 - , 29 - or 
30 - gauge needle may be used to inject the eyelid muscle . 
[ 0262 ] In some embodiments , methods of treating 
impaired blinking , dry eye syndrome , wet eye syndrome , or 
a combination thereof may include administering ( e . g . , 
intramuscular injection ) a therapeutic composition of the 
disclosure to an eye muscle of a subject in need thereof , in 
a volume of about 0 . 01 mL to about 0 . 15 mL . In some 
embodiments , the eye muscle may be injected with at least 
about 0 . 01 mL of a therapeutic composition of the disclo 
sure . In some embodiments , the eye muscle may be injected 
with at most about 0 . 15 mL of a therapeutic composition of 
the disclosure . In some embodiments , the eye muscle may 
be injected with greater than 0 . 01 mL , greater than 0 . 02 ml , 
greater than 0 . 03 mL , greater than 0 . 04 mL , greater than 
0 . 05 mL , greater than 0 . 06 mL , greater than 0 . 07 mL , greater 
than 0 . 08 mL , greater than 0 . 09 mL , greater than 0 . 10 mL , 
greater than 0 . 11 mL , greater than 0 . 12 mL , greater than 0 . 13 
mL , or greater than 0 . 14 mL of a therapeutic composition of 
the disclosure . 
[ 0263 ] In some aspects , the effectiveness of an adminis 
tration of a therapeutic composition may be determined by 
conducting tests before administration , after administration , 
or both . For treatment of wet eye syndrome , a fluorescein 
and Lissamine green staining test , optical coherence tomog 
raphy of the tear film ( OCT ) , or both , may be conducted . For 
treatment of dry eye syndrome , a visual acuity measurement , 
a slit lamp exam , measurement of tear film break - up time 
( TBUT ) , measurement of rate of tear production ( Schirmer 
test ) , measurement of concentration of tears ( osmolality ) , or 
a combination thereof may be conducted . In some cases , the 
test may involve measuring levels of inflammatory or 
growth factor molecules including , without limitation , 
MMP - 9 , lactoferrin , and NGF - 1 . 
[ 0264 ] . In some embodiments , a dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound , the myotoxin , or both , may increase . 
In other cases , the dose of the PGE2 compound , the myo 
toxin , or both may decrease . In some cases , the dose of the 
PGE2 compound , the myotoxin , or both may not change . In 
some embodiments , the frequency of administration of a 
therapeutic composition of the disclosure ( e . g . , comprising 
a PGE2 compound and / or a myotoxin ) may be adjusted after 
determining the effectiveness of a prior administration of the 
therapeutic composition . In some cases , only a single admin 
istration of the therapeutic composition may be needed to 
treat impaired blinking , dry eye syndrome , or wet eye 
syndrome . In some cases , two , three , four , five , or more than 
five administrations of the therapeutic composition may be 
needed to treat impaired blinking , dry eye syndrome , or wet 
eye syndrome . In some cases , the frequency of administra 
tion may be increased after determining the effectiveness of 
a prior administration . In other cases , the frequency of 
administration may be decreased after determining the effec 
tiveness of a prior administration . 
[ 0265 ] Entropion and Ectropion 
[ 0266 ] The eyelid protects the eye from foreign objects . In 
some cases , the eyelid does not lie properly on the eye . For 
example , entropion is the turning in of an edge of an eyelid . 
In some cases , it causes the lashes of the eye to rub against 
the eye . This can result in excessive tearing , eye discomfort , 
eye pain , eye irritation , eye redness , and in some extreme 
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cases , cornea damage and decreased vision . Causes of 
entropion may include weakening of eye muscles , especially 
the muscles in the lower part of the eye . Ectropion is the 
turning out of the eyelid so that the inner surface is exposed . 
In some cases , ectropian may cause dry , painful eyes , 
excessive tearing of the eye ( epiphora ) , chronic conjuncti 
vitis , keratitis , eye redness , or a combination thereof . Causes 
of ectropion may be due to weakening of the eyelid due to 
the aging process , facial palsy , and the like . 
[ 0267 ] In some aspects , methods are provided for the 
treatment of entropion , ectropion , or both . In some cases , the 
methods may comprise administering a therapeutic compo 
sition of the disclosure ( e . g . , comprising a PGE2 compound 
and / or a myotoxin ) to a subject having , suspected of having , 
or at risk of developing entropion or ectropion . In some 
embodiments , the methods of treating entropion or ectropion 
may involve administering a therapeutic composition of the 
disclosure to an eye muscle of a subject in need thereof . In 
some cases , the eyelid muscle may be the orbicularis , the 
frontalis muscles , or any of the facial muscles . The facial 
muscles may include the occipitofrontalis muscle , the tem 
poroparietalis muscle , the procerus muscle , the nasalis 
muscle , the depressor septi nasi muscle , the orbicularis oculi 
muscle , the corrugator supercilii muscle , the depressor 
supercilii muscle , the auricular muscles ( anterior , superior 
and posterior ) , the orbicularis oris muscle , the depressor 
anguli oris muscle , the risorius , the zygomaticus major 
muscle , the zygomaticus minor muscle , the levator labii 
superioris , the levator labii superioris alaeque nasi muscle , 
the depressor labii inferioris muscle , the levator anguli oris , 
the buccinator muscle , or the mentalis . 
[ 0268 ] In some embodiments , the therapeutic composition 
may be administered in combination with eyelid surgery 
( e . g . , lateral tarsal strip procedure ) . In those embodiments , 
the therapeutic composition can be administered before 
surgery , during surgery , after surgery , or any combination 
thereof . In other embodiments , the therapeutic composition 
may be administered without eye surgery . 
[ 0269 ] In some embodiments , the methods provided 
herein may include administering a therapeutic composition 
of the disclosure ( e . g . , comprising a PGE2 compound and / or 
a myotoxin ) to a subject in need thereof by topical admin 
istration , intradermal administration , intramuscular admin 
istration , or a combination thereof . In some cases , the 
therapeutic composition may be administered by intramus 
cular administration . In some cases , the intramuscular 
administration comprises injection of an eye muscle . In 
some cases , the eye muscle may comprise any of the 
orbicularis muscle , the frontalis muscle , or the facial 
muscles . In some cases , an anesthetic may be administered 
to an eye of a subject in need prior to injection . In some 
cases , the eye muscle may be injected with surgical expo 
sure ; in other cases , the eye muscle may be injected without 
surgical exposure . In some embodiments , a 27 - , 28 - , 29 - or 
30 - gauge needle may be used to inject the eye muscle . 
[ 0270 ] In some embodiments , methods of treating ectro 
pion , entropion , or both may include administering ( e . g . , 
intramuscular injection ) a therapeutic composition of the 
disclosure to an eye muscle of a subject in need thereof , in 
a volume of about 0 . 01 mL to about 0 . 15 mL . In some 
embodiments , the eye muscle may be injected with at least 
about 0 . 01 mL of a therapeutic composition of the disclo 
sure . In some embodiments , the eye muscle may be injected 
with at most about 0 . 15 mL of a therapeutic composition of 

the disclosure . In some embodiments , the eye muscle is 
injected with greater than 0 . 01 mL , greater than 0 . 02 mL , 
greater than 0 . 03 mL , greater than 0 . 04 mL , greater than 
0 . 05 mL , greater than 0 . 06 mL , greater than 0 . 07 mL , greater 
than 0 . 08 mL , greater than 0 . 09 mL , greater than 0 . 10 mL , 
greater than 0 . 11 mL , greater than 0 . 12 mL , greater than 0 . 13 
mL , or greater than 0 . 14 mL of a therapeutic composition of 
the disclosure . 
[ 0271 ] In some aspects , the effectiveness of an adminis 
tration of a therapeutic composition of the disclosure ( e . g . , 
to treat entropion , ectropion , or both ) may be determined by 
conducting tests before administration , after administration , 
or both . In some cases , the tests may include an examination 
of the eye , the eyelid , or a combination thereof . In some 
embodiments , the dose of the therapeutic composition may 
be adjusted after determining the effectiveness of a prior 
administration . In some cases , the dose of the PGE2 com 
pound , the myotoxin , or both may be increased . In other 
cases , the dose of the PGE2 compound , the myotoxin , or 
both may be decreased . In some cases , the dose of the PGE2 
compound , the myotoxin , or both may not change . In some 
embodiments , the frequency of administration of a thera 
peutic composition of the disclosure ( e . g . , comprising a 
PGE2 compound and / or a myotoxin ) may be adjusted after 
determining the effectiveness of an administration of the 
therapeutic composition ( e . g . , to treat ectropion , entropion , 
or both ) . In some cases , only a single administration of the 
therapeutic composition may be needed to treat entropion or 
ectropion . In some cases , two , three , four , five , or more than 
five administrations of the therapeutic composition may be 
needed to treat entropion or ectropion . In some cases , the 
frequency of administration may be increased after deter 
mining the effectiveness of a prior administration . In other 
cases , the frequency of administration may be decreased 
after determining the effectiveness of a prior administration . 

Extraocular Muscles 
[ 0272 ] The extraocular muscles comprise six muscles that 
control movement of the eye ( lateral rectus , medial rectus , 
superior rectus , inferior rectus , superior oblique , and inferior 
oblique ) and one muscle ( levator palpebrae ) that controls 
eyelid elevation . Damage or injury to , weakening of , or 
improper innervation of any one of these extraocular 
muscles can result in an ocular disorder or disease , and 
reduced visual function . In some aspects , methods are 
provided for treating an ocular disorder or disease by 
administering a therapeutic composition of the disclosure 
( e . g . , comprising a PGE2 compound and / or a myotoxin ) . In 
some cases , the therapeutic composition may be adminis 
tered to at least one extraocular muscle , e . g . , lateral rectus , 
medial rectus , superior rectus , inferior rectus , superior 
oblique , inferior oblique , or levator palpebrae . In some 
cases , the methods may comprise administering a therapeu 
tic composition of the disclosure to an extraocular muscle of 
a subject in need thereof to induce muscle regeneration . 
[ 0273 ] Strabismus 
[ 0274 ] Strabismus is an ocular disorder in which both eyes 
do not line up in the same direction . As a result , the eyes do 
not look at the same object at the same time . The condition 
is more commonly known as “ crossed eyes ” . Six different 
extraocular muscles ( lateral rectus , medial rectus , superior 
rectus , inferior rectus , superior oblique and inferior oblique ) 
surround each eye and work together to allow both eyes to 
focus on the same object . In a patient having strabismus , 
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these muscles do not work together . As a result , one eye 
looks at one object and the other eye turns in a different 
direction to focus on another object . In many cases , the 
cause of strabismus is unknown . In some cases , eye mis 
alignment is observed at birth or shortly afterwards ( con 
genital strabismus ) . In some cases , disorders associated with 
strabismus in children may include , without limitation , 
Apery Syndrome , Cerebral Palsy , Congenital Rubella , 
Hemangioma , Incontinentia Pigmenti Syndrome , Noonan 
Syndrome , Prader - Willi Syndrome , Retinopathy of Prema 
turity , Retinoblastoma , Traumatic Brain Injury and Trisomy 
18 . Strabismus can develop in adults and may be due to 
many different causes including , without limitation , botu 
lism , diabetes , Graves Disease , Guillain - Barre Syndrome , 
injury to the eye , shellfish poisoning , stroke , traumatic brain 
injury and vision loss from an eye disease or injury . 
10275 ) . In some aspects , methods are provided for treating 
strabismus or congenital strabismus . In some cases , the 
methods may comprise administering a therapeutic compo 
sition of the disclosure ( e . g . , a PGE2 compound and / or a 
myotoxin ) to a subject having , suspected of having , or at risk 
of developing strabismus or congenital strabismus . In some 
embodiments , the therapeutic composition may treat stra 
bismus or congenital strabismus by inducing muscle regen 
eration in at least one of the extraocular muscles , e . g . , lateral 
rectus , medial rectus , superior rectus , inferior rectus , supe 
rior oblique , and inferior oblique . In some cases , the meth 
ods may comprise administering a therapeutic composition 
of the disclosure to any of the lateral rectus muscle , the 
medial rectus muscle , the superior rectus muscle , the inferior 
rectus muscle , the superior oblique muscle , and the inferior 
oblique muscle . In some cases , each eye muscle may have 
a width of about 5 mm to about 7 mm , a length of about 10 
mm , and a thickness of less than or equal to 1 mm . 
[ 0276 ] In some embodiments , a therapeutic composition 
of the disclosure may be administered in combination with 
eye muscle surgery to treat strabismus or congenital stra 
bismus . In some cases , the therapeutic composition can be 
administered before surgery , during surgery , after surgery , or 
any combination thereof . In other cases , the therapeutic 
composition may be administered without eye muscle sur 
gery to treat strabismus or congenital strabismus . 
[ 0277 ] In some embodiments , a therapeutic composition 
of the disclosure ( e . g . , comprising a PGE2 compound and / or 
a myotoxin ) may be administered by injection of an 
extraocular muscle ( e . g . , lateral rectus , medial rectus , supe 
rior rectus , inferior rectus , superior oblique , and inferior 
oblique ) for the treatment of strabismus or congenital stra 
bismus . In other cases , a therapeutic composition of the 
disclosure may be administered via slow drug release in a 
drug releasing depot , by gene therapy methods that may 
include a cell matrix depot that produces a composition of 
the disclosure ( e . g . , a PGE2 compound , a myotoxin ) , or a 
polymeric implant placed near or adjacent to the muscles . In 
an exemplary embodiment , a local anesthetic , an ocular 
decongestant , or both , may be administered to an eye of a 
subject in need thereof prior to injection of the extraocular 
muscle . In some cases , the extraocular muscle may be 
injected with surgical exposure ; in other cases , the extraocu 
lar muscle may be injected without surgical exposure . In 
some embodiments , the extraocular muscle may be injected 
with electromyographic guidance ; in other embodiments , 
the extraocular muscle may be injected without electromyo 
graphic guidance . In some embodiments , a 27 - , 28 - , 29 - or 

30 - gauge needle may be used to inject the extraocular 
muscle . To correct the misalignment of the eyes , one or more 
extraocular muscles can be injected as needed . In some 
embodiments , extraocular muscles in both eyes can be 
injected to correct the misalignment . 
[ 0278 ] . In some embodiments , methods of treating strabis 
mus may include administering ( e . g . , intramuscular injec 
tion ) a therapeutic composition of the disclosure to an 
extraocular eye muscle of a subject in need thereof , in a 
volume of about 0 . 05 mL to about 0 . 15 mL . In some 
embodiments , the extraocular muscle may be injected with 
at least about 0 . 05 mL of the therapeutic composition . In 
some embodiments , the extraocular muscle may be injected 
with at most about 0 . 15 mL of the therapeutic composition . 
In some embodiments , the extraocular muscle may be 
injected with greater than 0 . 05 mL , greater than 0 . 06 mL , 
greater than 0 . 07 mL , greater than 0 . 08 mL , greater than 
0 . 09 mL , greater than 0 . 10 mL , greater than 0 . 11 mL , greater 
than 0 . 12 mL , greater than 0 . 13 mL , or greater than 0 . 14 mL 
of the therapeutic composition . 
[ 0279 ] In some aspects , the effectiveness of an adminis 
tration of a therapeutic composition of the disclosure ( e . g . , 
to treat strabismus ) may be determined by conducting tests 
before administration , after administration , or both . In some 
cases , the tests may determine how much the eyes are out of 
alignment . In some embodiments , a corneal light reflex test , 
a cover / uncover test , a retinal exam , an ophthalmic exam , 
visual acuity , or a combination thereof , may be conducted . 
In some cases , the effectiveness of an administration of the 
therapeutic composition can be determined by changes in 
the alignment of the eyes before administration and after 
administration . In some embodiments , the dose of the thera 
peutic composition may be adjusted after determining the 
effectiveness of a prior administration . In some cases , the 
dose of the PGE2 compound , the myotoxin , or both , may be 
increased . In other cases , the dose of the PGE2 compound , 
the myotoxin , or both may be decreased . In some cases , the 
dose of the PGE2 compound , the myotoxin , or both , may not 
be changed . 
[ 0280 ] In some embodiments , the frequency of adminis 
tration of a therapeutic composition of the disclosure ( e . g . , 
comprising a PGE2 compound and / or a myotoxin ) may be 
adjusted after determining the effectiveness of an adminis 
tration of the therapeutic composition ( e . g . , to treat strabis 
mus ) . In some cases , only a single administration of the 
therapeutic composition may be needed to treat strabismus . 
In some cases , two , three , four , five , or more than five 
administrations of the therapeutic composition may be 
needed . In some cases , the frequency of administration may 
be increased after determining the effectiveness of a prior 
administration . In other cases , the frequency of administra 
tion may be decreased after determining the effectiveness of 
a prior administration . 
[ 0281 ] Nystagmus 
[ 0282 ] Nystagmus , or eye tremor , is a term used to 
describe fast , uncontrollable movement of the eyes . The 
movement may be from side to side ( horizontal nystagmus ) ; 
up and down ( vertical nystagmus ) , or rotary ( rotary or 
torsional nystagmus ) . In some cases , the movement may be 
in one eye . In other cases , the movement may be in both 
eyes . In some cases , nystagmus may be present at birth 
( Infantile Nystagmus Syndrome ( INS ) ) . In some cases , 
nystagmus may be caused by a congenital disease of the eye . 
In other cases , nystagmus may be acquired through a variety 



US 2019 / 0167695 A1 Jun . 6 , 2019 
37 

of causes including intake of certain drugs or medications 
( e . g . , phenytoin ) , excessive alcohol , a sedating medicine that 
can impair a function of the labyrinth , head injury , an inner 
ear disorder ( e . g . , labyrinthis or Meniere disease ) , stroke , 
and thiamine or vitamin B12 deficiency . In some cases , eye 
tremors may be secondary to other disorders such as Par 
kinson ' s disease . 
[ 0283 ] In some aspects , methods are provided for treating 
nystagmus . In some cases , nystagmus is horizontal nystag 
mus , vertical nystagmus , rotary or torsional nystagmus , or 
any combination thereof . In some cases , nystagmus is Infan 
tile Nystagmus Syndrome . In some cases , the methods 
comprise a therapeutic composition of the disclosure ( e . g . , 
comprising a PGE2 compound and / or a myotoxin ) to a 
subject having , suspected of having , or at risk of developing 
nystagmus . In some embodiments , the therapeutic compo 
sition may treat nystagmus by inducing muscle regeneration 
in at least one of the extraocular muscles , e . g . , lateral rectus , 
medial rectus , superior rectus , inferior rectus , superior 
oblique , and inferior oblique . In some cases , the therapeutic 
composition may be administered to at least one of the 
extraocular muscles , e . g . , lateral rectus , medial rectus , supe 
rior rectus , inferior rectus , superior oblique , and inferior 
oblique , for the treatment of nystagmus . 

( e . g . , comprising a PGE2 compound and / or a myotoxin ) to 
a subject having , suspected of having , or at risk of devel 
oping presbyopia . In some embodiments , the therapeutic 
composition may treat presbyopia by inducing muscle 
regeneration of the ciliary muscle . In some aspects , the 
effectiveness of the treatment can be determined by per 
forming a reading test before administration , after adminis 
tration , or both . 
[ 0287 ] In some aspects , methods are provided for treating 
myopia , or to modulate regression of myopia . In some cases , 
the methods may comprise administering a therapeutic com 
position of the disclosure ( e . g . , comprising a PGE2 com 
pound and / or a myotoxin ) to a subject having , suspected of 
having , or at risk of developing myopia , or to a subject to 
modulate regression of myopia . In some cases , the thera 
peutic composition may be administered to an eye muscle , 
such as the ciliary muscle , a muscle in the sclera , a muscle 
around the sclera , or an intraocular muscle . 

Iris 

10284 ) Located between the cornea and the lens , the iris 
comprises a sphincter muscle ( sphincter pupillae ) and dilator 
muscles ( dilator pupillae ) . The round , central opening of the 
iris is called the pupil . The iris modulates the size of the 
pupil to control how much light comes into the eye . Impair 
ment of the iris can result in impaired visual function . 
[ 0285 ] In some aspects , methods are provided for treating 
impaired visual function . In some cases , the methods may 
comprise administering a therapeutic composition of the 
disclosure ( e . g . , comprising a PGE2 compound and / or a 
myotoxin ) , to a subject having , suspected of having , or at 
risk of developing impaired visual function . In some 
embodiments , the therapeutic composition may treat 
impaired visual function by inducing muscle regeneration of 
an iris muscle . The iris muscle may be the sphincter muscle , 
the dilator muscle , or both . In some cases , the therapeutic 
composition may be administered topically , intradermally , 
or intraocularly to a subject in need thereof . In some cases , 
the therapeutic composition may be administered by intra 
muscular administration to a muscle of the iris ( e . g . , the 
sphincter muscle , the dilator muscle ) . In some aspects , the 
effectiveness of the treatment may be determined by observ 
ing changes in light sensitivity before administration , after 
administration , or both . 

Oculopharyngeal Muscular Dystrophy 
[ 0288 ] Oculopharyngeal muscular dystrophy is a genetic 
disorder characterized by slowly progressing muscle disease 
( myopathy ) affecting the muscles of the upper eyelids and 
the throat . Onset is typically during adulthood , most often 
between 40 and 60 years of age . Symptoms may include , 
without limitation : eyelid drooping ( ptosis ) , arm and leg 
weakness , and difficulty swallowing ( dysphagia ) . 
[ 0289 ] In some aspects , methods are provided for treating 
oculopharyngeal muscular dystrophy . In some cases , the 
methods may comprise administering a therapeutic compo 
sition of the disclosure ( e . g . , comprising a PGE2 compound 
and / or a myotoxin ) to a subject having , suspected of having , 
or at risk of developing oculopharyngeal muscular dystro 
phy . In some cases , treating oculopharyngeal muscular dys 
trophy may involve administering the therapeutic composi 
tion to the muscles of the upper eyelid , the muscles of the 
throat , or both . 
[ 0290 ] D . Methods of Treating Musculoskeletal Disorders 
[ 0291 ] Provided herein are applications of therapeutic 
compositions of the disclosure ( e . g . , comprising a PGE2 
compound and / or a myotoxin ) to the musculoskeletal sys 
tem . In some embodiments , the therapeutic composition can 
be administered to a subject in need thereof to treat a 
musculoskeletal disorder . In some cases , the musculoskel 
etal disorder is a muscle disorder . In other embodiments , the 
therapeutic composition can be administered to a subject in 
need thereof to improve a function of the musculoskeletal 
system . In further embodiments , the therapeutic composi 
tion can be administered to a subject in need thereof to 
augment effectiveness of an existing treatment of a disorder 
or disease of the musculoskeletal system such as carpometa 
carpal arthroplasty . 
[ 0292 ] Impaired function of the musculoskeletal system 
may be due to different factors . In some cases , the muscle 
disorder may be due to aging . For example , sarcopenia is the 
degenerative loss of skeletal muscle mass , varying from 
0 . 5 % to 1 % muscle loss per year after the age of 50 , and is 
associated with aging . In other cases , the muscle disorder 
may be due to disuse of the affected muscle . In some cases , 
disuse may be due to immobilization ( e . g . , a splint , a cast ) . 
In other cases , disuse may be due to pain ( e . g . , arthritis ) . In 
some cases , the muscle disorder may be muscle atrophy as 
a result of denervation . Diseases that affect lower motor 
neurons may impair innervation of myofibers resulting in 

Ciliary Muscle and Other Intraocular Muscles 
[ 0286 ] The ciliary body is a circular structure that contains 
the ciliary muscle . The ciliary muscle changes the shape of 
the lens when the eye focuses on a near object in a process 
called accommodation . Presbyopia is a condition in which 
the lens of the eye loses its ability to focus , making it hard 
to see objects up close . Presbyopia is thought to be a natural 
part of the aging process . One approach to treating presby 
opia may be to induce muscle regeneration of the ciliary 
muscle . Accordingly , provided herein are methods of treat 
ing presbyopia . In some cases , the methods may comprise 
administering a therapeutic composition of the disclosure 
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muscle atrophy . In other cases , the muscle disorder may be 
due to metabolic reasons , such as glucocorticoid - induced 
muscle atrophy . For example , excess alcohol intake can 
result in alcoholic myopathy . In another example , chronic 
diabetes mellitus can damage the nerves that innervate the 
hands and feet , resulting in diabetic amyotrophy . Other 
causes of impaired muscle function may include trauma , and 
muscle - related degenerative diseases . Provided herein are 
methods of treating a muscle disorder due to any of the 
causes described herein . In some cases , the methods com 
prise administering a therapeutic composition of the disclo 
sure ( e . g . , comprising a PGE2 compound and / or a myo 
toxin ) . 
[ 0293 ] Aging Hand 
[ 0294 ] One of the most common changes in aging skeletal 
muscle in the body is a major reduction in muscle mass 
ranging from 25 % to 45 % , which is sometimes described as 
" sarcopenia of old age ” . There are 11 intrinsic muscles and 
15 extrinsic muscles with direct functional roles in the hand . 
Extrinsic and intrinsic hand muscles produce the force 
required for gripping objects ( grip force ) . After 60 years of 
age there is a rapid decline in hand - grip strength , by as much 
as 20 - 25 % . This is accompanied by a substantial loss of 
muscle fibers and decreased muscle - fiber length , particularly 
in the thenar muscle group , and contributes an important role 
in reduction of action potential . The thumb intrinsic mus 
culature constitutes approximately 40 % of the total intrinsic 
musculature of the hand . Three of the main muscles , oblique 
adductor pollicis , opponens pollicis , and flexor pollicis 
brevis , play important roles in stabilizing the thumb during 
strong pinch grips of objects , and these movements com 
monly show age - related dysfunction . The contractile capac 
ity of the thenar muscle in elderly people has been assessed 
by tetanic stimulation of the median nerve . The higher 
muscle fatigue resistance in elderly adults has been attrib 
uted to differences in both the Peripheral Nervous System 
and Central Nervous System . There is a significant reduction 
in both action potentials and in the number of viable motor 
units associated with the hand muscles in the elderly . 
[ 0295 ] In some aspects , methods are provided for treating 
impaired hand function . In some cases , the methods may 
comprise administering a therapeutic composition of the 
disclosure ( e . g . , a PGE2 compound and / or a myotoxin ) to a 
subject in need thereof . In some embodiments , the subject is 
greater than 50 years old , greater than 55 years old , greater 
than 60 years old , greater than 65 years , or greater than 70 
years old . In some embodiments , the impaired hand function 
may be a result of aging . In some embodiments , the thera 
peutic composition may treat the impaired hand function by 
inducing muscle regeneration in a hand muscle of the 
subject . In some cases , the hand muscle may be an intrinsic 
muscle . An intrinsic muscle may include any of the follow 
ing , without limitation : the three thenar muscles , the three 
hypothenar muscles , the interossei muscles , the lumbrical 
muscles , the palmaris brevis , and the adductor pollicis . In 
some cases , the hand muscle is an extrinsic muscle . An 
extrinsic muscle may include any of the following , without 
limitation : abductor pollicis longus , extensor pollicis brevis , 
flexor pollicis longus , flexor carpi radialis , flexor digitorum 
profundus , four flexor digitorum superficialis , flexor carpi 
ulnaris , extensor carpi radialis longus , extensor carpi radialis 
brevis , extensor indicis , extensor digitorum communis , 
extensor digiti minimi , and extensor carpi ulnaris . 

[ 0296 ] In some embodiments , the therapeutic composition 
may be administered in combination with hand surgery ( e . g . , 
closed reduction and fixation surgery , tendon repair , nerve 
repair , surgical drainage and / or debridement , or joint 
replacement ) . In such cases , the therapeutic composition can 
be administered before surgery , during surgery , after surgery , 
or any combination thereof . In other embodiments , the 
therapeutic composition may be administered without hand 
surgery . 
[ 0297 ] In some embodiments , a therapeutic composition 
of the disclosure ( e . g . , comprising a PGE2 compound and / or 
a myotoxin ) may be administered by topical administration , 
intradermal administration , intramuscular administration , or 
a combination thereof . In some cases , the therapeutic com 
position may be administered by intramuscular administra 
tion . In some cases , the intramuscular administration may 
comprise injection of a hand muscle . The hand muscle may 
include any one of the following : thenar muscle , a hypoth 
enar muscle , an interossei muscle , a lumbrical muscle , 
palmaris brevis , adductor pollicis abductor pollicis longus , 
flexor pollicis longus , flexor carpi radialis , flexor digitorum 
profundus , four flexor digitorum superficialis , flexor carpi 
ulnaris , extensor pollicis brevis , extensor carpi radialis lon 
gus , extensor carpi radialis brevis , extensor indicis , extensor 
digitorum communis , extensor digiti minimi , or extensor 
carpi ulnaris . In some cases , an anesthetic may be admin 
istered to a hand of a subject prior to injection of a 
therapeutic composition . In some cases , the hand muscle 
may be injected with surgical exposure ; in other cases , the 
hand muscle may be injected without surgical exposure . In 
some embodiments , a 20 . , 21 . , 22 - , 23 - , 24 - or 25 - gauge 
needle may be used to inject the hand muscle . 
[ 0298 ] In some embodiments , methods of treating 
impaired hand function may include administering ( e . g . , 
intramuscular injection ) a therapeutic composition of the 
disclosure to a hand muscle of a subject in need thereof , in 
a volume of about 0 . 01 mL to about 0 . 15 mL . In some 
embodiments , the hand muscle is injected with at least about 
0 . 01 mL of the therapeutic composition . In some embodi 
ments , the hand muscle is injected with at most about 0 . 15 
mL of the therapeutic composition . In some embodiments , 
the hand muscle is injected with greater than 0 . 01 mL , 
greater than 0 . 02 ml , greater than 0 . 03 mL , greater than 
0 . 04 mL , greater than 0 . 05 mL , greater than 0 . 06 mL , greater 
than 0 . 07 mL , greater than 0 . 08 mL , greater than 0 . 09 mL , 
greater than 0 . 10 mL , greater than 0 . 11 mL , greater than 0 . 12 
mL , greater than 0 . 13 mL , or greater than 0 . 14 mL of the 
therapeutic composition . 
[ 0299 ] In some aspects , the effectiveness of an adminis 
tration of a therapeutic composition of the disclosure ( e . g . , 
to treat impaired hand function ) may be determined by 
conducting tests before administration , after administration , 
or both . In some cases , the test may measure a hand function 
before administration , after administration , or both . In some 
cases , the test may be a maximum pinch force test , a 
steadiness pinch force test , a pegboard test , a two - point 
discrimination test , a precision pinch steadiness test , a 
handgrip force test , or a combination thereof . 
[ 0300 ] In some embodiments , the dose of a therapeutic 
composition of the disclosure may be adjusted after deter 
mining the effectiveness of a prior administration ( e . g . , to 
treat impaired hand function ) . In some cases , the dose of the 
PGE2 compound , the myotoxin , or both may be increased . 
In other cases , the dose of the PGE2 compound , the myo 
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toxin , or both , may be decreased . In some cases , the dose of 
the PGE2 compound , the myotoxin , or both may not be 
changed . 
[ 0301 ] In some embodiments , the frequency of adminis 
tration of a therapeutic composition of the disclosure ( e . g . , 
comprising a PGE2 compound and / or a myotoxin ) may be 
adjusted after determining the effectiveness of an adminis 
tration of the therapeutic composition . In some cases , only 
a single administration of the therapeutic composition may 
be needed to treat impaired hand function . In some cases , 
two , three , four , five , or more than five administrations of the 
therapeutic composition may be needed to treat impaired 
hand function . In some cases , the frequency of administra 
tion may be increased after determining the effectiveness of 
a prior administration . In other cases , the frequency of 
administration may be decreased after determining the effec 
tiveness of a prior administration . 
[ 0302 ] In some embodiments , a subject in need thereof 
may be identified by a test prior to administration of the 
therapeutic composition . In some cases , the test may be a 
maximum pinch force test , a steadiness pinch force test , a 
pegboard test , a two - point discrimination test , a precision 
pinch steadiness test , a handgrip force test , or a combination 
thereof . 
[ 0303 ] Thenar Atrophy 
[ 0304 ) Compression peripheral nerve injuries ( PNI ) are a 
category of nerve injury caused by constriction of the nerve . 
Carpal tunnel syndrome ( CTS ) is the most common periph 
eral compression neuropathy , resulting from median nerve 
compression at the wrist . Symptoms of carpal tunnel syn 
drome may include sensory impairments ( e . g . , numbness 
and paresthesias ) and motor deficits in the abductor pollicis 
brevis ( APB ) , opponens pollicis , and the superficial belly of 
the flexor pollicis brevis , which are the intrinsic median 
innervated thenar muscles . Prolonged compression of the 
median nerve potentially disturbs motor function of the 
thenar muscles , and in patients with severe carpal tunnel 
syndrome , atrophy of the thenar muscles may result . For 
example , severe CTS results in the denervation and atrophy 
of the APB muscle . The APB muscle brings the thumb out 
of the plane of the palm and is integral to many fine motor 
activities . The surgical treatment of CTS is to release the 
band constricting the median nerve . This allows for regen 
eration of the motor nerve and potential recovery of the 
muscle . Unfortunately , many of those with severe CTS have 
poor functional recovery even after the nerve has been 
released . Restoring function to these specific muscle groups 
that control the hand grip can increase independence and 
overall quality of life . 
[ 0305 ] In some aspects , methods are provided for the 
treatment of impaired thumb function . In some cases , the 
methods comprise administering a therapeutic composition 
of the disclosure ( e . g . , comprising a PGE2 compound and / or 
a myotoxin ) to a subject having , suspected of having , or at 
risk of developing impaired thumb function . In some 
embodiments , the impaired thumb function is due to thenar 
atrophy . In some embodiments , the therapeutic composition 
may treat impaired thumb function by inducing muscle 
regeneration in a hand muscle of a subject . In some cases , 
the therapeutic composition in administered to a hand 
muscle of the subject for the treatment of impaired thumb 
function . In some cases , the hand muscle is the abductor 

pollicis brevis ( APB ) , the opponens pollicis , or flexor pol 
licis brevis . In some cases , the hand muscle is the abductor 
pollicis brevis . 
10306 ] In some embodiments , a therapeutic composition 
of the disclosure may administered in combination with 
hand surgery to treat impaired thumb function . In some 
cases , the hand surgery may be carpel tunnel syndrome 
surgery . In some cases , the therapeutic composition can be 
administered before surgery , during surgery , after surgery , or 
any combination thereof . In other embodiments , the thera 
peutic composition may be administered without hand sur 
gery . 
[ 0307 ] In some embodiments , a therapeutic composition 
of the disclosure ( e . g . , comprising a PGE2 compound and / or 
a myotoxin ) may be administered by topical administration , 
intradermal administration , intramuscular administration , or 
a combination thereof for the treatment of impaired thumb 
function . In some cases , the therapeutic composition may be 
administered by intramuscular administration . In some 
cases , the intramuscular administration comprises injection 
of a hand muscle . In some cases , the hand muscle may 
comprise a thenar muscle . In some cases , the hand muscle 
may comprise the abductor pollicis brevis ( APB ) , the 
opponens pollicis , or flexor pollicis brevis . In some cases , 
the hand muscle may be the abductor pollicis brevis . In some 
cases , an anesthetic may be administered to a hand of a 
subject in need thereof prior to injection of a therapeutic 
composition of the disclosure . In some cases , the hand 
muscle may be injected with surgical exposure ; in other 
cases , the hand muscle may be injected without surgical 
exposure . In some embodiments , a 20 - , 21 - , 22 - , 23 - , 24 - or 
25 - gauge needle may be used to inject the hand muscle . 
[ 0308 ] In some aspects , methods of treating impaired 
thumb function may include administering ( e . g . , intramus 
cular injection ) a therapeutic composition of the disclosure 
to a hand muscle of a subject in need thereof , in a volume 
of about 0 . 01 mL to about 0 . 15 mL . In some embodiments , 
the hand muscle may be injected with at least about 0 . 01 mL 
of the therapeutic composition . In some embodiments , the 
hand muscle may be injected with at most about 0 . 15 mL of 
the therapeutic composition . In some embodiments , the hand 
muscle may be injected with greater than 0 . 01 mL , greater 
than 0 . 02 mL , greater than 0 . 03 mL , greater than 0 . 04 mL , 
greater than 0 . 05 mL , greater than 0 . 06 mL , greater than 
0 . 07 mL , greater than 0 . 08 mL , greater than 0 . 09 mL , greater 
than 0 . 10 mL , greater than 0 . 11 mL , greater than 0 . 12 mL , 
greater than 0 . 13 mL , or greater than 0 . 14 mL of the 
therapeutic composition . 
[ 0309 ] . In some aspects , the effectiveness of an adminis 
tration of a therapeutic composition of the disclosure may be 
determined by conducting tests before administration , after 
administration , or both . In some cases , the test may measure 
a hand function before administration , after administration , 
or both . In some cases , the test may be a tip pinch strength 
test , a Moberg pickup test , or both . In some cases , the test 
may be a patient - centric overall quality of life measure such 
as the Canadian Occupational Performance Measure 
( COPM ) . 
[ 0310 ] In some aspects , the dose of a therapeutic compo 
sition of the disclosure may be adjusted after determining 
the effectiveness of a prior administration . In some cases , the 
dose of the PGE2 compound , the myotoxin , or both , may be 
increased . In other cases , the dose of the PGE2 compound , 
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the myotoxin , or both , may be decreased . In some cases , the 
dose of the PGE2 compound , the myotoxin , or both , may not 
be changed . 
10311 ] In some embodiments , the frequency of adminis 
tration of a therapeutic composition of the disclosure ( e . g . , 
comprising a PGE2 compound and / or a myotoxin ) may be 
adjusted after determining the effectiveness of an adminis 
tration of the therapeutic composition . In some cases , only 
a single administration of the therapeutic composition may 
be needed to treat impaired thumb function . In some cases , 
two , three , four , five , or more than five administrations of the 
therapeutic composition may be needed to treat impaired 
thumb function . In some cases , the frequency of adminis 
tration may be increased after determining the effectiveness 
of a prior administration . In other cases , the frequency of 
administration may be decreased after determining the effec 
tiveness of a prior administration . 
[ 0312 ] In some embodiments , a subject having , suspected 
of having , or at risk of having impaired thumb function may 
be identified by a test prior to administration of a therapeutic 
composition of the disclosure . In some cases , the test may be 
a tip pinch strength test , a Moberg pickup test , or both . 
[ 0313 ] In some aspects , methods are provided for the 
treatment of muscle impairment caused by compression 
peripheral nerve injuries . In some cases , the methods com 
prise administering a therapeutic composition of the disclo 
sure ( e . g . , comprising a PGE2 compound and / or a myo 
toxin ) to a subject having , suspected of having , or at risk of 
developing a compression peripheral nerve injury . For 
example , cubital tunnel syndrome results from ulnar nerve 
entrapment at the elbow and is the second most common 
entrapment of the upper limb . Ulnar nerve compression 
results in pain or paraesthesia in the fourth and fifth finger . 
In addition to the numbness and tingling in the hand and 
fingers , muscle atrophy is a common result of ulnar nerve 
compression . In another example , thoracic outlet syndrome 
results from compression of the nerves between the shoulder 
and neck , known as the brachial plexus . This can cause pain , 
weakness , numbness , tingling , a cold sensation , or some 
times a more general type of discomfort in one or both upper 
limbs . The common symptoms are pain , numbness , and 
tingling that radiates below the shoulder down towards the 
hand and usually into the pinky and ring finger . This 
condition also can lead to muscle atrophy of the intrinsic 
muscles of the hand . 
[ 0314 ] Plantar Fasciitis 
[ 0315 ] The plantar fascia is the thick tissue on the bottom 
of the foot . It connects the heel bone to the toes and creates 
the arch of the foot . When this tissue becomes swollen or 
inflamed , it is called plantar fasciitis . Plantar fasciitis is one 
of the most common causes of heel pain and has been 
estimated to affect about two million people in the US , 
resulting in more than one million visits to both primary care 
physicians and foot specialists . Plantar fasciitis affects both 
sedentary and athletic people and is thought to result from 
chronic overload either from lifestyle or exercise . Current 
literature suggests that plantar fasciitis is more correctly 
termed fasciosis because of the chronicity of the disease and 
the evidence of degeneration rather than inflammation . 
[ 0316 ] Muscle weakness may be a potential cause of 
chronic plantar fasciitis . Studies have shown that in a 
load - bearing limb , there are both passive and active mecha 
nisms that support the medial longitudinal arch . Support is 
achieved passively by a tensioned plantar fascia , and 

actively by participation of the plantar intrinsic foot muscles 
( PIFM ) and tibialis posterior ( TP ) muscle . Plantar fasciitis 
has been associated with PIFM atrophy at the forefoot . The 
forefoot volume of a foot with chronic plantar fasciitis was 
on average 5 . 2 % less than the contralateral healthy foot . The 
forefoot muscles include flexor hallucis brevis medialis , 
flexor hallucis brevis lateralis , adductor hallucis transverse , 
adductor hallucis oblique and the plantar interossei . Patients 
with abductor digiti minimi atrophy also have a significantly 
greater frequency of Achilles tendinosis , calcaneal edema , 
calcaneal spur , plantar fasciitis , and posterior tibialis tendon 
dysfunction than those without . Additionally , strengthening 
a weakened or atrophied flexor digitorum brevis could also 
help stabilize the medial longitudinal arch . 
[ 0317 ] In some aspects , methods are provided for the 
treatment of impaired foot function . In some cases , the 
methods comprise administering a therapeutic composition 
of the disclosure ( e . g . , comprising a PGE2 compound and / or 
a myotoxin ) to a subject having , suspected of having , or at 
risk of developing impaired foot function . In some embodi 
ments , the impaired foot function is due to plantar fasciitis . 
Accordingly , in some embodiments , the therapeutic compo 
sition may be suitable to treat plantar fasciitis . In some 
embodiments , the therapeutic composition may treat the 
impaired foot function by inducing muscle generation in a 
foot muscle of a subject in need thereof . In some cases , the 
foot muscle is a plantar intrinsic foot muscle , flexor hallucis 
medialis , flexor hallucis brevis lateralis , adductor hallucis 
transverse , adductor hallucis oblique , dorsal and plantar 
interossei , abductor digiti minimi , and flexor digitorum 
brevis . 
[ 0318 ] In some embodiments , a therapeutic composition 
of the disclosure may be administered in combination with 
foot surgery . In some cases , the therapeutic composition can 
be administered before surgery , during surgery , after surgery , 
or any combination thereof . In other cases , the therapeutic 
composition may be administered without foot surgery . 
[ 0319 ] In some embodiments , the therapeutic composition 
may be administered in combination with another treatment . 
In some cases , the another treatment comprises a nonsteroi 
dal anti - inflammatory medication , stretching , a night splint , 
custom orthotics , a corticosteroid injection , a platelet - rich 
plasma injection , extracorporeal shock wave therapy , fas 
ciotomy , or a combination thereof . 
[ 0320 ] In some embodiments , a therapeutic composition 
of the disclosure may be administered by topical adminis 
tration , intradermal administration , intramuscular adminis 
tration , or a combination . In some cases , the therapeutic 
composition may be administered by intramuscular admin 
istration . In some cases , the intramuscular administration 
may comprise injection of a foot muscle . In some cases , the 
foot muscle may comprise plantar intrinsic foot muscle , 
flexor hallucis medialis , flexor hallucis brevis lateralis , 
adductor hallucis transverse , adductor hallucis oblique , dor 
sal and plantar interossei , abductor digiti minimi , and flexor 
digitorum brevis . 
[ 0321 ] In some cases , an anesthetic may be administered 
to a foot to a subject in need thereof prior to injection of a 
therapeutic composition of the disclosure . In some cases , the 
foot muscle may be injected with surgical exposure ; in other 
cases , the foot muscle may be injected without surgical 
exposure . In some embodiments , a 20 - , 21 - , 22 - , 23 - , 24 - or 
25 - gauge needle may be used to inject the foot muscle . 
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[ 0322 ] In some embodiments , methods of treating 
impaired foot function may include administering ( e . g . , 
intramuscular injection ) a therapeutic composition of the 
disclosure to a foot muscle of a subject in need thereof , in 
a volume of about 0 . 01 mL to about 0 . 15 mL . In some 
embodiments , the foot muscle may be injected with at least 
about 0 . 01 mL of the therapeutic composition . In some 
embodiments , the foot muscle may be injected with at most 
about 0 . 15 mL of the therapeutic composition . In some 
embodiments , the foot muscle may be injected with greater 
than 0 . 01 mL , greater than 0 . 02 ml , greater than 0 . 03 mL , 
greater than 0 . 04 mL , greater than 0 . 05 mL , greater than 
0 . 06 mL , greater than 0 . 07 mL , greater than 0 . 08 mL , greater 
than 0 . 09 mL , greater than 0 . 10 mL , greater than 0 . 11 mL , 
greater than 0 . 12 mL , greater than 0 . 13 mL , or greater than 
0 . 14 mL of the therapeutic composition . 
[ 0323 ] In some aspects , the effectiveness of an adminis 
tration of a therapeutic composition of the disclosure may be 
determined by conducting tests before administration , after 
administration , or both . In some cases , the tests may mea 
sure a foot function before administration , after administra 
tion , or both . In some cases , the test may be a physical exam 
to determine pain on the bottom of a foot , pain along the sole 
of a foot , flat feet , high arches , foot swelling , foot redness , 
stiffness or tightness of the arch in the bottom of a foot , or 
a combination thereof . 
[ 03241 In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound , the myotoxin , or both , may be 
increased . In other cases , the dose of the PGE2 compound , 
the myotoxin , or both , may be decreased . In some cases , the 
dose of the PGE2 compound , the myotoxin , or both may not 
be changed . 
[ 0325 ] In some embodiments , the frequency of adminis 
tration of a therapeutic composition of the disclosure to treat 
impaired foot may be adjusted after determining the effec 
tiveness of an administration of the therapeutic composition . 
In some cases , only a single administration of the therapeutic 
composition may be needed to treat impaired foot function . 
In some cases , two , three , four , five , or more than five 
administrations of the therapeutic composition may be 
needed to treat impaired foot function . In some cases , the 
frequency of administration is increased after determining 
the effectiveness of a prior administration . In other cases , the 
frequency of administration is decreased after determining 
the effectiveness of a prior administration . 
[ 0326 ] In some embodiments , a subject in need of treat 
ment for impaired foot function may be identified by a test 
prior to administration of the therapeutic composition . In 
some cases , the test may be a physical exam to determine 
pain on the bottom of a foot , pain along the sole of a foot , 
flat feet , high arches , foot swelling , foot redness , stiffness or 
tightness of the arch in the bottom of a foot , or a combination 
thereof . 
[ 0327 ] Foot Drop 
[ 0328 ] Foot drop , also known as drop foot , is a term for 
difficulty lifting the front part of the foot . In some case , the 
front of the foot may drag on the ground during walking . 
Foot drop impairs ambulation and can result in falls . Foot 
drop is caused by weakness or paralysis of one or more of 
the muscles involved in lifting the front part of the foot . 
There are several causes of foot drop . For example , com 
pression of a nerve in a leg that controls the muscles 

involved in lifting the foot , the peroneal nerve , is a common 
cause of foot drop . This nerve may also be injured during hip 
or knee replacement surgery . A nerve root injury , " pinched 
nerve ” , in the spine can also cause foot drop . Diabetes may 
also make a subject more susceptible to nerve disorders , 
which are associated with foot drop . Various forms of 
muscular dystrophy that cause progressive muscle weak 
ness . In addition , disorders that affect the spinal cord or 
brain , such as amyotrophic lateral sclerosis ( ALS ) , multiple 
sclerosis or stroke , may cause foot drop . 
[ 0329 ] Described herein are methods of treating foot drop 
comprising administering a therapeutic composition com 
prising a PGE2 compound and a myotoxin to a subject in 
need thereof . In some embodiments , the therapeutic com 
position treats the impaired foot function by inducing 
muscle generation in a foot or lower leg muscle of a subject 
in need thereof . In some cases , the foot or lower leg muscle 
is the anterior tibialis muscle , fibularis tertius , extensor 
digitorum longus , extensor hallucis longus , or a combination 
thereof . 
[ 0330 ] In some embodiments , the therapeutic composition 
is administered in combination with surgery ( e . g . , nerve 
surgery ) . In those embodiments , the therapeutic composition 
can be administered before surgery , during surgery , after 
surgery , or any combination thereof . In other embodiments , 
the therapeutic composition is administered without foot or 
lower leg surgery . 
[ 0331 ] In some embodiments , the therapeutic composition 
is administered in combination with another treatment . In 
some cases , the another treatment comprises braces or 
splints , physical therapy , nerve stimulation , nerve surgery , or 
a combination thereof . 
[ 0332 ] In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by topical administration , intradermal administration , 
intramuscular administration , or a combination . In some 
cases , the therapeutic composition is administered by intra 
muscular administration . In some cases , the intramuscular 
administration comprises injection of a foot or lower leg 
muscle . The foot or lower leg muscle may comprise the 
anterior tibialis muscle , fibularis tertius , extensor digitorum 
longus , extensor hallucis longus . In some cases , an anes 
thetic may be administered to a foot or lower leg of a subject 
in need prior to injection . In some cases , the foot or lower 
leg muscle is injected with surgical exposure ; in other cases , 
the foot or lower leg muscle is injected without surgical 
exposure . In some embodiments , a 20 - , 21 - , 22 - , 23 - , 24 - or 
25 - gauge needle is used to inject the foot or lower leg 
muscle . 
[ 0333 ] In some embodiments , a foot or lower leg muscle 
of a subject in need is injected with a volume of about 0 . 01 
mL to about 0 . 15 mL of therapeutic composition comprising 
a PGE2 compound and a myotoxin . In some embodiments , 
the foot or lower leg muscle is injected with at least about 
0 . 01 mL of therapeutic composition . In some embodiments , 
the foot or lower leg muscle is injected with at most about 
0 . 15 mL of therapeutic composition . In some embodiments , 
the foot or lower leg muscle is injected with greater than 
0 . 01 mL , greater than 0 . 02 ml , greater than 0 . 03 mL , greater 
than 0 . 04 mL , greater than 0 . 05 mL , greater than 0 . 06 mL , 
greater than 0 . 07 mL , greater than 0 . 08 m . , greater than 
0 . 09 mL , greater than 0 . 10 mL , greater than 0 . 11 mL , greater 
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than 0 . 12 mL , greater than 0 . 13 mL , or greater than 0 . 14 mL 
of therapeutic composition comprising a PGE2 compound 
and a myotoxin . 
[ 0334 ] The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . The tests may measure a foot or lower leg function 
before and / or after administration . The test may be a physi 
cal exam to observe gait , to determine weakness of leg 
muscles , to determine numbness of shin , foot , and / or toes , or 
a combination thereof . 
[ 0335 ] In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound and / or the myotoxin may increase . In 
other cases , the dose of the PGE2 compound and / or the 
myotoxin may decrease . In some cases , the dose of the 
PGE2 compound and / or the myotoxin may stay the same . 
[ 0336 ] In some embodiments , the frequency of adminis 
tration of the therapeutic composition comprising a PGE2 
compound and / or the myotoxin may be adjusted after deter 
mining the effectiveness of an administration of the thera 
peutic composition . In some cases , a single administration of 
the therapeutic composition is needed to treat impaired foot 
or lower leg function . In some cases , two or more , three or 
more , four or more , five or more administrations of the 
therapeutic composition are needed . In some cases , the 
frequency of administration is increased after determining 
the effectiveness of a prior administration . In other cases , the 
frequency of administration is decreased after determining 
the effectiveness of a prior administration . 
[ 0337 ] Diabetic Neuropathy 
[ 0338 ] Diabetes is the most common cause of neuropathy 
in US and neuropathies are the most common complication 
of diabetes mellitus . Atrophy of the small muscles of the foot 
is common in diabetes and is related to peripheral motor 
neuropathy . In long - term diabetic patients , muscle weakness 
and atrophy in the lower leg muscles , including the foot 
muscles , is common in neuropathic patients compared to 
non - neuropathic patients . Volume of the intrinsic foot 
muscles has been shown to be lower in neuropathic diabetic 
patients compared to non - neuropathic diabetic patients and 
non - diabetic controls . Atrophy of the intrinsic muscles of the 
foot can lead to fixed claw and hammer toe deformities , 
which are common in neuropathic diabetic patients . Addi 
tionally , the intrinsic muscles of the foot stabilize the arches 
of the foot . High arches are common with the atrophy of 
plantar intrinsic muscles like Abductor Hallucis , Flexor 
Hallucis Brevis and Adductor Hallucis . 
[ 0339 ] In some aspects , methods are provided for the 
treatment of diabetic neuropathy or associated disorders . In 
some cases , the methods may comprise administering a 
therapeutic composition of the disclosure ( e . g . , comprising 
a PGE2 compound and / or a myotoxin ) to a subject having , 
suspected of having , or at risk of developing a diabetic 
neuropathy or an associated disorder . In some cases , the 
disorder associated with a diabetic neuropathy may include , 
without limitation , atrophy of the small muscles of the foot , 
muscle weakness and atrophy of the lower leg muscles , and 
atrophy of the intrinsic muscles of the foot . In some cases , 
the methods comprise administering the therapeutic com 
position to the small muscles of the foot , to the lower leg 
muscles , or to the intrinsic muscles of the foot . 

[ 0340 ] Disuse - Induced Muscle Atrophy 
[ 0341 ] Loss of skeletal muscle mass occurs frequently in 
clinical settings following limb immobilization , bed rest , 
spinal cord injury and partial / complete peripheral nerve 
damage , resulting in significant loss of muscle mass and 
force production . The extent of muscle atrophy under disuse 
conditions is variable and can be dependent on a variety of 
factors including age , the physiological function and fiber 
type composition of the muscle , and the degree of unloading 
and inactivity . Disuse - induced atrophy will likely affect 
every person in his or her lifetime , and can be debilitating 
especially in the elderly . Currently , there are no good phar 
macological strategies to treat disuse - induced muscle atro 
phy . 
[ 0342 ] Described herein are methods of treating disuse 
induced muscle atrophy comprising administering a thera 
peutic composition comprising a PGE2 compound and a 
myotoxin to a subject in need thereof . In some embodi 
ments , the affected muscle has experienced unloading , inac 
tivity , or a combination , for greater than 1 day , greater than 
5 days , greater than 10 days , greater than 50 days , or greater 
than 100 days . In some embodiments , the therapeutic com 
position treats disuse - induced atrophy by inducing muscle 
generation in a muscle of a subject in need thereof , wherein 
the muscle has experienced unloading and / or inactivity of a 
prolonged period of time . In some cases , the muscle is a 
skeletal muscle . In some embodiments , the therapeutic com 
position comprising a PGE2 compound and a myotoxin is 
administered by intramuscular administration . In some 
cases , the intramuscular administration comprises injection 
of the affected muscle . 
[ 0343 ] In some embodiments , disuse - induced muscle atro 
phy is due to a distal radius fracture , also known as Colles 
fracture . A Colles fracture results in a backward and outward 
position of the hand in relation to the wrist . It is common in 
the elderly . Loss of muscle mass can occur due to immobi 
lization . Described herein are methods of treating muscle 
atrophy due to a distal radius fracture comprising adminis 
tering a therapeutic composition comprising a PGE2 com 
pound and a myotoxin to a subject in need thereof . In some 
embodiments , the therapeutic composition treats the muscle 
atrophy by inducing muscle generation in a muscle of a 
subject in need thereof . In some cases , the muscle is the 
flexor carpi radialis , flexor pollicis longus , flexor digitorum 
superficialis , flexor digitorum profundus , flexor carpi 
ulnaris , extensor carpi radialis brevis / longus , extensor pol 
licis longus , extensor digitiorum communis , extensor carpi 
ulnaris or a combination thereof . In some embodiments , the 
therapeutic composition is administered in combination with 
surgery ( e . g . , wrist arthroscopy ) . In those embodiments , the 
therapeutic composition can be administered before surgery , 
during surgery , after surgery , or any combination thereof . In 
other embodiments , the therapeutic composition is admin 
istered without surgery . 
[ 0344 ] In some embodiments , the therapeutic composition 
is administered in combination with another treatment . In 
some cases , the another treatment comprises braces or 
splints , physical therapy , nerve stimulation , nerve surgery , or 
a combination thereof . 
[ 0345 ] In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by topical administration , intradermal administration , 
intramuscular administration , or a combination . In some 
cases , the therapeutic composition is administered by intra 
muscular administration . In some cases , the intramuscular 
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administration comprises injection of a hand or lower arm 
muscle . The hand or lower arm muscle may comprise the 
flexor carpi radialis , flexor pollicis longus , flexor digitorum 
superficialis , flexor digitorum profundus , flexor carpi 
ulnaris , extensor carpi radialis brevis / longus , extensor pol 
licis longus , extensor digitiorum communis , extensor carpi 
ulnaris , or a combination thereof . 
[ 0346 ] In some cases , an anesthetic may be administered 
to a hand or lower arm of a subject in need prior to injection . 
In some cases , the hand or lower arm muscle is injected with 
surgical exposure ; in other cases , the hand or lower arm 
muscle is injected without surgical exposure . In some 
embodiments , a 20 - , 21 - , 22 - , 23 - , 24 - or 25 - gauge needle is 
used to inject the hand or lower arm leg muscle . 
[ 0347 ] In some embodiments , a hand or lower arm muscle 
of a subject in need is injected with a volume of about 0 . 01 
mL to about 0 . 15 mL of therapeutic composition comprising 
a PGE2 compound and a myotoxin . In some embodiments , 
the hand or lower arm muscle is injected with at least about 
0 . 01 mL of therapeutic composition . In some embodiments , 
the hand or lower arm muscle is injected with at most about 
0 . 15 mL of therapeutic composition . In some embodiments , 
the hand or lower arm muscle is injected with greater than 
0 . 01 mL , greater than 0 . 02 ml , greater than 0 . 03 mL , greater 
than 0 . 04 mL , greater than 0 . 05 mL , greater than 0 . 06 mL , 
greater than 0 . 07 mL , greater than 0 . 08 mL , greater than 
0 . 09 mL , greater than 0 . 10 mL , greater than 0 . 11 mL , greater 
than 0 . 12 mL , greater than 0 . 13 mL , or greater than 0 . 14 mL 
of therapeutic composition comprising a PGE2 compound 
and a myotoxin . 
[ 0348 ] The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . The tests may measure a hand or lower arm function 
before and / or after administration . The test may include 
range of motion of wrist , grip strength , patient reported 
outcomes such as the Disability of Arm Shoulder and Hand 
or a combination thereof . 
[ 0349 ] In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound and / or the myotoxin may increase . In 
other cases , the dose of the PGE2 compound and / or the 
myotoxin may decrease . In some cases , the dose of the 
PGE2 compound and / or the myotoxin may stay the same . 
0350 ] In some embodiments , the frequency of adminis 
tration of the therapeutic composition comprising a PGE2 
compound and / or the myotoxin may be adjusted after deter 
mining the effectiveness of an administration of the thera 
peutic composition . In some cases , a single administration of 
the therapeutic composition is needed to treat impaired hand 
or lower arm function . In some cases , two or more , three or 
more , four or more , five or more administrations of the 
therapeutic composition are needed . In some cases , the 
frequency of administration is increased after determining 
the effectiveness of a prior administration . In other cases , the 
frequency of administration is decreased after determining 
the effectiveness of a prior administration . 
[ 0351 ] In some embodiments , disuse - induced muscle atro 
phy is due to a hip fracture . A hip fracture may be due to 
major or minor trauma . In elderly people with bones weak 
ened by osteoporosis , relatively little trauma , even walking , 
may result in a hip fracture . Loss of muscle mass can occur 
due to joint immobilization , and bed rest . Loss of muscle can 

be induced by a combination of unloading and inactivity . 
Weakness of the hip muscle is an often - occurring condition 
after displaced fractures of the proximal femur in older 
patients . Described herein are methods of treating muscle 
atrophy due to a hip fracture comprising administering a 
therapeutic composition comprising a PGE2 compound and 
a myotoxin to a subject in need thereof . In some embodi 
ments , the therapeutic composition treats the muscle atrophy 
by inducing muscle generation in a hip muscle of a subject 
in need thereof . In some cases , the hip muscle is iliacus , 
psoas major , gluteus maximus , gluteus medius , gluteus 
minimus , tensor fasciae latae , superior gemellus , inferior 
gemellus , obturator internus , obturator externus , quadratus 
femoris , piriformis , adductor magnus , adductor longus , 
adductor brevis , adductor minimus , pectineus , rectus femo 
ris , vastus lateralis , vastus medialis , vastus intermedius , 
quadriceps femoris , Sartorius , biceps femoris , semitendino 
sus , semimembranosus , psoas minor , iliopsoas , gracilis , or a 
combination thereof . 
[ 0352 ] In some embodiments , the therapeutic composition 
is administered in combination with surgery ( e . g . , joint 
arthroplasty ) . In those embodiments , the therapeutic com 
position can be administered before surgery , during surgery , 
after surgery , or any combination thereof . In other embodi 
ments , the therapeutic composition is administered without 
surgery . 
[ 0353 ] In some embodiments , the therapeutic composition 
is administered in combination with another treatment regi 
men . In some cases , the another treatment regimen com 
prises braces or splints , physical therapy , nerve stimulation , 
nerve surgery , or a combination thereof . 
[ 0354 ] In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by topical administration , intradermal administration , 
intramuscular administration , or a combination . In some 
cases , the therapeutic composition is administered by intra 
muscular administration . In some cases , the intramuscular 
administration comprises injection of a hip muscle . In some 
cases , the hip muscle is iliacus , psoas major , gluteus maxi 
mus , gluteus medius , gluteus minimus , tensor fasciae latae , 
superior gemellus , inferior gemellus , obturator internus , 
obturator externus , quadratus femoris , piriformis , adductor 
magnus , adductor longus , adductor brevis , adductor mini 
mus , pectineus , rectus femoris , vastus lateralis , vastus 
medialis , vastus intermedius , quadriceps femoris , Sartorius , 
biceps femoris , semitendinosus , semimembranosus , psoas 
minor , iliopsoas , gracilis , or a combination thereof . 
[ 0355 ) In some cases , an anesthetic may be administered 
to a hip of a subject in need prior to injection . In some cases , 
the hip muscle is injected with surgical exposure ; in other 
cases , the hip muscle is injected without surgical exposure . 
In some embodiments , a 20 - , 21 - , 22 - , 23 - , 24 - or 25 - gauge 
needle is used to inject the hip muscle . 
[ 0356 ] In some embodiments , a hip muscle of a subject in 
need is injected with a volume of about 0 . 5 mL to about 5 
mL of therapeutic composition comprising a PGE2 com 
pound and a myotoxin . In some embodiments , the hip 
muscle is injected with at least about 0 . 5 mL of therapeutic 
composition . In some embodiments , the hip muscle is 
injected with at most about 4 mL of therapeutic composition . 
In some embodiments , the hip muscle is injected with 
greater than 0 . 5 mL , greater than 1 . 0 mL , greater than 1 . 5 
mL , greater than 2 . 0 mL , greater than 2 . 5 mL , greater than 
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3 . 0 mL , greater than 3 . 5 mL of therapeutic composition 
comprising a PGE2 compound and a myotoxin . 
10357 . The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . The tests may measure a hip - related function before 
and / or after administration . The test may be strength testing 
of hip and knee muscles as well as functional tests such as 
the get up and go test or a combination thereof . 
[ 0358 ] In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound and / or the myotoxin may increase . In 
other cases , the dose of the PGE2 compound and / or the 
myotoxin may decrease . In some cases , the dose of the 
PGE2 compound and / or the myotoxin may stay the same . 
[ 03591 In some embodiments , the frequency of adminis 
tration of the therapeutic composition comprising a PGE2 
compound and / or the myotoxin may be adjusted after deter 
mining the effectiveness of an administration of the thera 
peutic composition . In some cases , a single administration of 
the therapeutic composition is needed to treat impaired hand 
or lower arm function . In some cases , two or more , three or 
more , four or more , five or more administrations of the 
therapeutic composition are needed . In some cases , the 
frequency of administration is increased after determining 
the effectiveness of a prior administration . In other cases , the 
frequency of administration is decreased after determining 
the effectiveness of a prior administration . 
[ 0360 ] In some embodiments , disuse - induced muscle atro 
phy is due to a rotator cuff injury . In some cases , a rotator 
cuff injury may be due to an acute rotator cuff tear . In some 
cases , a rotator cuff injury may be due to degenerative and / or 
chronic rotator cuff tear . A degenerative and / or chronic 
rotator cuff tear may be due to repetitive stress , lack of blood 
supply , bone spurs , or a combination thereof . People over 40 
years old are at a greater risk for a rotator cuff tear . Loss of 
muscle mass can occur due to lack of tension on muscle as 
well as joint stiffness . Loss of muscle can be induced by a 
combination of unloading and inactivity . Described herein 
are methods of treating muscle atrophy due to a rotator cuff 
injury comprising administering a therapeutic composition 
comprising a PGE2 compound and a myotoxin to a subject 
in need thereof . In some embodiments , the therapeutic 
composition treats the muscle atrophy by inducing muscle 
generation in a rotator cuff muscle of a subject in need 
thereof . In some cases , the rotator cuff muscle is supraspi 
natus , infraspinatus , subscapularis , teres minor , or a combi 
nation thereof . 
[ 0361 ] In some embodiments , the therapeutic composition 
is administered in combination with surgery ( e . g . , rotator 
cuff arthroscopy ) . In those embodiments , the therapeutic 
composition can be administered before surgery , during 
surgery , after surgery , or any combination thereof . In other 
embodiments , the therapeutic composition is administered 
without surgery . 
[ 0362 ] In some embodiments , the therapeutic composition 
is administered in combination with another treatment regi 
men . In some cases , the another treatment regimen com 
prises braces or splints , physical therapy , nerve stimulation , 
nerve surgery , or a combination thereof . 
[ 0363 ] In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by topical administration , intradermal administration , 

intramuscular administration , or a combination . In some 
cases , the therapeutic composition is administered by intra 
muscular administration . In some cases , the intramuscular 
administration comprises injection of a rotator cuff muscle . 
In some cases , the rotator cuff muscle is supraspinatus , 
infraspinatus , subscapularis , teres minor , or a combination 
thereof . 
10364 ] In some cases , an anesthetic may be administered 
to a rotator cuff muscle of a subject in need prior to injection . 
In some cases , the rotator cuff muscle is injected with 
surgical exposure ; in other cases , the rotator cuff muscle is 
injected without surgical exposure . In some embodiments , a 
20 - , 21 - , 22 - , 23 - , 24 - or 25 - gauge needle is used to inject the 
rotator cuff muscle . 
[ 0365 ] In some embodiments , a rotator cuff muscle of a 
subject in need is injected with a volume of about 0 . 5 mL to 
about 5 mL of therapeutic composition comprising a PGE2 
compound and a myotoxin . In some embodiments , the 
rotator cuff muscle is injected with at least about 0 . 5 mL of 
therapeutic composition . In some embodiments , the rotator 
cuff muscle is injected with at most about 4 mL of thera 
peutic composition . In some embodiments , the rotator cuff 
muscle is injected with greater than 0 . 5 mL , greater than 1 . 0 
mL , greater than 1 . 5 mL , greater than 2 . 0 mL , greater than 
2 . 5 mL , greater than 3 . 0 mL , greater than 3 . 5 mL of 
therapeutic composition comprising a PGE2 compound and 
a myotoxin . 
[ 0366 ] The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . The tests may measure a rotator cuff - related func 
tion before and / or after administration . The test may be 
strength testing of shoulder abduction , external rotation and 
forward flexion , full and empty can test , drop arm test , and 
The Quality of Life Outcome Measure for Rotator Cuff or a 
combination thereof . 
[ 0367 ] In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound and / or the myotoxin may increase . In 
other cases , the dose of the PGE2 compound and / or the 
myotoxin may decrease . In some cases , the dose of the 
PGE2 compound and / or the myotoxin may stay the same . 
[ 0368 ] In some embodiments , the frequency of adminis 
tration of the therapeutic composition comprising a PGE2 
compound and / or the myotoxin may be adjusted after deter 
mining the effectiveness of an administration of the thera 
peutic composition . In some cases , a single administration of 
the therapeutic composition is needed to treat impaired hand 
or lower arm function . In some cases , two or more , three or 
more , four or more , five or more administrations of the 
therapeutic composition are needed . In some cases , the 
frequency of administration is increased after determining 
the effectiveness of a prior administration . In other cases , the 
frequency of administration is decreased after determining 
the effectiveness of a prior administration . 
[ 0369 ] E . Methods of Treating Pelvic Floor Disorders 
[ 0370 ] Pelvic floor disorders ( PFDs ) arise from dysfunc 
tion of the pelvic floor muscles . The pelvic floor muscles are 
often damaged by childbirth and pelvic surgery . Pelvic floor 
disorders also arise from other trauma , aging , obesity , neu 
rological diseases , and other injuries . The most common 
pelvic floor disorders are due , at least in part , to decreased 
function of the pelvic floor muscles . These disorders include 
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stress urinary incontinence , overactive bladder / urinary 
urgency incontinence , mixed urinary incontinence , pelvic 
organ prolapse , and fecal incontinence . 
[ 0371 ] Pelvic floor disorders comprise a wide variety of 
conditions in both men and women , although women are 
more commonly affected . The pelvic floor provides ana 
tomic support for the pelvic organs ( bladder , prostate , rec 
tum , uterus vagina ) and is integral to the proper function of 
the urinary system , to sexual and reproductive function , and 
to colorectal function . The pelvic floor is comprised of the 
pelvic floor muscles as well as the relevant connective tissue 
( ligaments , tendons , and overlying fascia ) . The pelvic floor 
muscles include the levator ani and the coccygeus . The 
levator ani has three parts : the pubococcygeus , the iliococ 
cygeus and the puborectalis . 
[ 0372 ] Strengthening or improving function of the pelvic 
floor muscles may treat these types of pelvic floor disorders . 
In addition , strengthening or improving function of the 
pelvic floor muscles may prevent pelvic floor disorders from 
developing in patients identified as high risk ( e . g . , after 
complicated delivery , after certain types of pelvic surgery ) . 
This application may also be used in combination with 
existing treatments for pelvic floor disorders ( e . g . , muscle 
training / biofeedback , neuromodulation , pharmacotherapy , 
surgery ) in order to improve treatment outcomes . 
[ 0373 ] Provided herein are methods of treating or prevent 
ing pelvic floor disorders . In some cases , the methods may 
comprise administering a therapeutic composition of the 
disclosure ( e . g . , comprising a PGE2 compound and / or a 
myotoxin ) to a subject having , suspected of having , or at risk 
of developing a pelvic floor disorder . In some cases , the 
pelvic floor disorder is selected from the group consisting of 
stress urinary incontinence , overactive bladder / urinary 
urgency incontinence , mixed urinary incontinence , pelvic 
organ prolapse , and fecal incontinence . In some aspects , the 
methods may comprise administering a therapeutic compo 
sition of the disclosure to the pelvic floor muscles of a 
subject in need thereof . In some cases , the pelvic floor 
muscles comprise the levator ani , the coccygeus , or both . In 
some cases , the levator ani includes the pubococcygeus , the 
iliococcygeus , and the puborectalis . 
[ 0374 ] In one aspect , provided herein are applications of a 
therapeutic composition comprising a prostaglandin E2 
( PGE2 ) compound and a myotoxin , as described elsewhere 
herein , the genitourinary system . In some embodiments , the 
therapeutic composition can be administered to improve a 
function of the genitourinary system . In further embodi 
ments , the therapeutic composition can be administered to 
enhance the effectiveness of an existing approach to treat a 
disease or disorder of the genitourinary system . The disease 
or disorder of the genitourinary system can be a urological 
disorder , gynecological disorder , a colorectal disorder , or a 
combination thereof . 
[ 0375 ] The pelvic floor muscles support the bladder and 
the urethra . Most adults can hold over 400 mL of urine in the 
bladder . Urine flows from the bladder through the urethra to 
the outside . Around the opening of the bladder is the 
sphincter muscle . It squeezes to prevent urine from leaking 
through the urethra . Impairment of any of these muscles can 
result a urological disorder such as stress incontinence . 
Moreover , strengthening of any of these muscles can be 
targeted to treat urological disorders such overactive bladder 
disorder and underactive bladder disorder . 

f0376 ] Stress Urinary Incontinence 
[ 0377 ) Stress urinary incontinence occurs when the blad 
der leaks urine during physical activity or exertion such as 
coughing , lifting of heavy objects , exercise , or change in 
positions . It occurs when any of the muscles that control the 
ability to hold urine in the bladder is weak or impaired in 
function . When any one of the muscles , such as the skeletal 
external urethral muscle , the pubic urethral muscle , becomes 
weak , urine can pass when pressure is place on the bladder . 
Weakened muscles may be caused by childbirth , injury to 
the urethra area , medications , surgery in the pelvic area such 
as prostate surgery , progressive atrophy and diminished 
contractility of the skeletal muscles , nerve damage . Current 
treatments include surgical interventions and injection of 
“ bulking agents ” . 
[ 0378 ] Described herein are methods of treating stress 
urinary incontinence ( SUI ) comprising administering a 
therapeutic composition comprising a PGE2 compound and 
a myotoxin to a subject in need thereof . In some embodi 
ments , the therapeutic composition treats SUI by inducing 
muscle regeneration a muscle of a subject in need thereof . In 
some cases , the muscle is the skeletal external urethral 
muscle , the pubic urethral muscle , or the external urethral 
sphincter muscle . 
[ 0379 ] In some embodiments , the therapeutic composition 
is administered in combination with surgery ( e . g . , prostate 
surgery ) . In those embodiments , the therapeutic composition 
can be administered before surgery , during surgery , after 
surgery , or any combination thereof . In other embodiments , 
the therapeutic composition is administered without surgery . 
10380 ] In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by intramuscular administration . In some cases the 
intramuscular administration comprises injection of the 
skeletal external urethral muscle , the pubic urethral muscle , 
and the external urethral sphincter muscle . In some cases , an 
anesthetic may be administered prior to injection . In some 
cases , the muscle is injected with surgical exposure ; in other 
cases , the muscle is injected without surgical exposure . In 
some embodiments , an 18 - , 19 - , 20 - , 21 . , 22 - or 23 - gauge 
needle is used to inject the muscle . 
[ 0381 ] In some embodiments , a muscle of a subject in 
need is injected with a volume of about 2 mL or less of 
therapeutic composition comprising a PGE2 compound and 
a myotoxin . In some embodiments , the muscle is injected 
with at least about 2 mL of therapeutic composition . In some 
embodiments , the muscle is injected with less than 2 mL , 
less than 1 . 8 mL , less than 1 . 6 mL , less than 1 . 4 mL , less 
than 1 . 2 mL , less than 1 mL , less than 0 . 8 mL , less than 0 . 6 
mL , less than 0 . 4 mL or less than 0 . 2 mL of therapeutic 
composition comprising a PGE2 compound and a myotoxin . 
[ 0382 ] The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . The test may be cystoscopy , a pad weight tests , a 
voiding diary , pelvic or abdominal ultrasound , post - void 
residual ( PVR ) , urinalysis , urinary stress test , urodynamic 
studies such as leak point pressure , X - rays with contrast dye , 
or a combination thereof . In some embodiments , the dose of 
the therapeutic composition may be adjusted after determin 
ing the effectiveness of a prior administration . In some cases , 
the dose of the PGE2 compound and / or the myotoxin may 
increase . In other cases , the dose of the PGE2 compound 
and / or the myotoxin may decrease . In some cases , the dose 
of the PGE2 compound and / or the myotoxin may stay the 
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same . In some embodiments , the frequency of administra - 
tion of the therapeutic composition comprising a PGE2 
compound and / or the myotoxin may be adjusted after deter 
mining the effectiveness of an administration of the thera 
peutic composition . In some cases , a single administration of 
the therapeutic composition is needed . In some cases , two or 
more , three or more , four or more , five or more administra 
tions of the therapeutic composition are needed . In some 
cases , the frequency of administration is increased after 
determining the effectiveness of a prior administration . In 
other cases , the frequency of administration is decreased 
after determining the effectiveness of a prior administration . 
[ 0383 ] Mixed Incontinence or Overactive bladder 
[ 0384 ] Overactive bladder ( OAB ) is a condition in which 
the bladder squeezes urine out at the wrong time . For 
example , a person suffering from an overactive bladder may 
urinate eight or more times a day or two or more times at 
night ; may have a sudden and strong need to urinate imme 
diately ; or leak urine after a sudden , strong urge to urinate . 
Several conditions may contribute to signs and symptoms of 
overactive bladder including neurological disorders ( e . g . , 
stroke , multiple sclerosis ) , diabetes , diuretics , urinary tract 
infections , tumors , bladder stones , enlarged prostate , con 
stipation , excess consumption of caffeine or alcohol , declin 
ing cognitive function due to aging , and incomplete bladder 
emptying . Strengthening and improving function of the 
external urethral sphincter muscle can impact positive and 
negative reflex actions between the bladder and the urethra . 
For example , improved contractile action of the urethral 
sphincter muscle can signal the bladder to inhibit flow of 
urine . 
[ 0385 ) Described herein are methods of treating overac 
tive bladder ( OAB ) comprising administering a therapeutic 
composition comprising a PGE2 compound and a myotoxin 
to a subject in need thereof . In some embodiments , the 
therapeutic composition treats OAB by inducing muscle 
regeneration a muscle of a subject in need thereof . In some 
cases , the muscle is the skeletal external urethral muscle . 
[ 0386 ] In some embodiments , the therapeutic composition 
is administered in combination with surgery ( e . g . , prostate 
surgery ) . In those embodiments , the therapeutic composition 
can be administered before surgery , during surgery , after 
surgery , or any combination thereof . In other embodiments , 
the therapeutic composition is administered without surgery . 
[ 0387 ] In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by intramuscular administration . In some cases the 
intramuscular administration comprises injection of the 
skeletal external urethral muscle . In some cases , an anes 
thetic may be administered prior to injection . In some cases , 
the muscle is injected with surgical exposure ; in other cases , 
the muscle is injected without surgical exposure . In some 
embodiments , an 18 - , 19 . , 20 - , 21 - , 22 - or 23 - gauge needle 
is used to inject the muscle . 
[ 0388 ] In some embodiments , a muscle of a subject in 
need is injected with a volume of about 2 mL or less of 
therapeutic composition comprising a PGE2 compound and 
a myotoxin . In some embodiments , the muscle is injected 
with at least about 2 mL of therapeutic composition . In some 
embodiments , the muscle is injected with less than 2 mL , 
less than 1 . 8 mL , less than 1 . 6 mL , less than 1 . 4 mL , less 
than 1 . 2 mL , less than 1 mL , less than 0 . 8 mL , less than 0 . 6 
mL , less than 0 . 4 mL or less than 0 . 2 mL of therapeutic 
composition comprising a PGE2 compound and a myotoxin . 

[ 0389 ] The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . The test may be post - void residual ( PVR ) test , urine 
flow rate test , bladder pressure test , or a combination 
thereof . In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound and / or the myotoxin may increase . In 
other cases , the dose of the PGE2 compound and / or the 
myotoxin may decrease . In some cases , the dose of the 
PGE2 compound and / or the myotoxin may stay the same . In 
some embodiments , the frequency of administration of the 
therapeutic composition comprising a PGE2 compound and / 
or the myotoxin may be adjusted after determining the 
effectiveness of an administration of the therapeutic com 
position . In some cases , a single administration of the 
therapeutic composition is needed . In some cases , two or 
more , three or more , four or more , five or more administra 
tions of the therapeutic composition are needed . In some 
cases , the frequency of administration is increased after 
determining the effectiveness of a prior administration . In 
other cases , the frequency of administration is decreased 
after determining the effectiveness of a prior administration . 
[ 0390 ] Obstetrical anal Sphincter Injury ( OASIS ) 
[ 0391 ] Obstetrical anal sphincter injury ( OASIS ) is dam 
age to the anal sphincter during childbirth , and can lead to 
significant comorbidities , including anal incontinence , rec 
tovaginal fistula and pain . They are more commonly asso 
ciated with force deliveries than vacuum - assisted vaginal 
deliveries . They are also associated with an increased risk of 
postpartum urinary retention . Surgical repair of the anal 
sphincter may not completely restore muscle function . 
0392 ] Described herein are methods of treating obstetri 
cal anal sphincter injury comprising administering a thera 
peutic composition comprising a PGE2 compound and a 
myotoxin to a subject in need thereof . In some embodi 
ments , the therapeutic composition treats OAB by inducing 
muscle regeneration of an anal muscle of a subject in need 
thereof . In some cases , the anal muscle is the external anal 
sphincter muscle , or the inner anal sphincter muscle . 
[ 0393 ] In some embodiments , the therapeutic composition 
is administered in combination with surgery ( e . g . , external 
anal sphincter repair , internal anal sphincter repair ) . In those 
embodiments , the therapeutic composition can be adminis 
tered before surgery , during surgery , after surgery , or any 
combination thereof . In other embodiments , the therapeutic 
composition is administered without surgery . 
103941 In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by intramuscular administration . In some cases , the 
intramuscular administration comprises injection of the 
skeletal external anal sphincter muscle . In some cases , an 
anesthetic may be administered prior to injection . In some 
cases , the muscle is injected with surgical exposure ; in other 
cases , the muscle is injected without surgical exposure . In 
some embodiments , an 18 - , 19 - , 20 - , 21 - , 22 - or 23 - gauge 
needle is used to inject the muscle . 
[ 0395 ] In some embodiments , an anal sphincter muscle of 
a subject in need is injected with a volume of about 2 mL or 
less of therapeutic composition comprising a PGE2 com 
pound and a myotoxin . In some embodiments , the muscle is 
injected with at least about 2 mL of therapeutic composition . 
In some embodiments , the muscle is injected with less than 
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2 mL , less than 1 . 8 mL , less than 1 . 6 mL , less than 1 . 4 mL , 
less than 1 . 2 mL , less than 1 mL , less than 0 . 8 mL , less than 
0 . 6 mL , less than 0 . 4 mL or less than 0 . 2 mL of therapeutic 
composition comprising a PGE2 compound and a myotoxin . 
[ 0396 ] The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound and / or the myotoxin may increase . In 
other cases , the dose of the PGE2 compound and / or the 
myotoxin may decrease . In some cases , the dose of the 
PGE2 compound and / or the myotoxin may stay the same . In 
some embodiments , the frequency of administration of the 
therapeutic composition comprising a PGE2 compound and / 
or the myotoxin may be adjusted after determining the 
effectiveness of an administration of the therapeutic com 
position . In some cases , a single administration of the 
therapeutic composition is needed . In some cases , two or 
more , three or more , four or more , five or more administra 
tions of the therapeutic composition are needed . In some 
cases , the frequency of administration is increased after 
determining the effectiveness of a prior administration . In 
other cases , the frequency of administration is decreased 
after determining the effectiveness of a prior administration . 
[ 0397 ] Fecal Incontinence 
[ 0398 ] Fecal incontinence , also known as bowel inconti 
nence or encopresis , is the inability to control bowel move 
ment , causing stool / feces to leak unexpectedly from the 
rectum . It ranges from an occasional leakage of stool while 
passing gas , to a complete loss of bowel control . Causes 
include diarrhea , constipation , muscle damage or never 
damage . In some cases , muscle damage is due to childbirth , 
or is associated with aging . 
[ 0399 ] Described herein are methods of treating fecal 
incontinence comprising administering a therapeutic com 
position comprising a PGE2 compound and a myotoxin to a 
subject in need thereof . In some embodiments , the thera 
peutic composition treats fetal incontinence by inducing 
muscle regeneration of an anal muscle of a subject in need 
thereof . In some cases , the anal muscle is the external anal 
sphincter muscle , or the inner anal sphincter muscle . 
[ 0400 ] In some embodiments , the therapeutic composition 
is administered in combination with surgery ( e . g . , external 
anal sphincter repair , internal anal sphincter repair ) . In those 
embodiments , the therapeutic composition can be adminis 
tered before surgery , during surgery , after surgery , or any 
combination thereof . In other embodiments , the therapeutic 
composition is administered without surgery . 
[ 0401 ] In some embodiments , the therapeutic composition 
comprising a PGE2 compound and a myotoxin is adminis 
tered by intramuscular administration . In some cases , the 
intramuscular administration comprises injection of the 
skeletal external anal sphincter muscle . In some cases , an 
anesthetic may be administered prior to injection . In some 
cases , the muscle is injected with surgical exposure ; in other 
cases , the muscle is injected without surgical exposure . In 
some embodiments , an 18 - , 19 - , 20 - , 21 - , 22 - or 23 - gauge 
needle is used to inject the muscle . 
[ 0402 ] In some embodiments , an anal sphincter muscle of 
a subject in need is injected with a volume of about 2 mL or 
less of therapeutic composition comprising a PGE2 com 
pound and a myotoxin . In some embodiments , the muscle is 

injected with at least about 2 mL of therapeutic composition . 
In some embodiments , the muscle is injected with less than 
2 mL , less than 1 . 8 mL , less than 1 . 6 mL , less than 1 . 4 mL , 
less than 1 . 2 mL , less than 1 mL , less than 0 . 8 mL , less than 
0 . 6 mL , less than 0 . 4 mL or less than 0 . 2 mL of therapeutic 
composition comprising a PGE2 compound and a myotoxin . 
[ 0403 ] The effectiveness of an administration of the thera 
peutic composition may be determined by conducting tests 
before administration , after administration , or a combination 
thereof . In some embodiments , the dose of the therapeutic 
composition may be adjusted after determining the effec 
tiveness of a prior administration . In some cases , the dose of 
the PGE2 compound and / or the myotoxin may increase . In 
other cases , the dose of the PGE2 compound and / or the 
myotoxin may decrease . In some cases , the dose of the 
PGE2 compound and / or the myotoxin may stay the same . In 
some embodiments , the frequency of administration of the 
therapeutic composition comprising a PGE2 compound and / 
or the myotoxin may be adjusted after determining the 
effectiveness of an administration of the therapeutic com 
position . In some cases , a single administration of the 
therapeutic composition is needed . In some cases , two or 
more , three or more , four or more , five or more administra 
tions of the therapeutic composition are needed . In some 
cases , the frequency of administration is increased after 
determining the effectiveness of a prior administration . In 
other cases , the frequency of administration is decreased 
after determining the effectiveness of a prior administration . 
[ 0404 ] F . Methods of Treating Gastroesophageal Reflux 
Disease 
[ 0405 ] With a prevalence of 10 - 20 % in the adult popula 
tion , gastroesophageal reflux disease ( GERD ) is one of the 
most common diseases of the upper gastreointestinal tract . 
GERD occurs when the ring of muscles at the bottom of the 
esophagus is weakened or damaged , allowing gastric acid to 
enter the distal esophagus . The acid stimulates the 
chemoreceptors , causing irritation and leads to the onset of 
symptoms . Esophageal symptoms ( e . g . , heartburn ) and 
extraesophageal symptoms ( e . g . , oral , pharyngeal , laryn 
geal , and pulmonary disorders ) of GERD are triggered by 
mucosal exposure to the gastric acid , and are related to the 
frequency of reflux events and the duration of mucosal 
acidification . Other GERD symptoms may include epigas 
tric fullness , pressure or pain , dyspepsia , nausea , bloating , 
belching , chronic cough , bronchospasm , wheezing , hoarse 
ness , and asthma . 
[ 0406 ] The antireflux barrier includes two sphincters — the 
lower esophageal sphincter ( LES ) and the diaphragmatic 
sphincter at the gastroesophageal junction . The two sphinc 
ters maintain tonic closure and augmented reflex closure of 
the sphincter mechanism . The LES is composed of smooth 
muscles , and it maintains tonic contraction owing to myo 
genic as well as neurogenic factors . The diaphragmatic 
sphincter is composed of striated muscles that also exhibit 
tone and contracts due to the excitatory nerves . The mam 
malian diaphragm is primarily a respiratory muscle . How 
ever , it consists of two separate muscles : the crural and the 
costal diaphragms . The costal diaphragm is a respiratory 
muscle , while the crural diaphragm has two functions : 
respiratory and gastrointestinal . The crural diaphragm is 
composed of skeletal muscle . Contraction of the diaphrag 
matic sphincter provides a powerful sphincter mechanism at 
the lower end of the esophagus contributing to both tonic 
( sustained ) and phasic pressure increases at the level of the 
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LES . A crural myotomy study has demonstrated that there 
was a significant increase in spontaneous acid reflux . After 
removal of the crural diaphragm , intrinsic esophageal 
muscle cannot fully compensate for the loss of the crural 
muscle . In humans , the diaphragmatic hiatus is the site of 
minimum GEJ opening aperture , and hiatal hernia has 
shown excess reflux indicating that the crural diaphragm has 
a crucial barrier role . A study has also shown that patients 
with esophagitis may have a thinner crural diaphragm and a 
deficient GEJ activity during forced inhalation . The ana 
tomical changes and functional failure of the crural dia 
phragm is esophagitis patients supports the possibility of a 
skeletal muscle deficiency in GERD . 
04071 . The primary treatment of GERD is acid suppres 
sion which can be achieved with several classes of mecha 
nisms including antacids , histamine - receptor antagonists or 
proton - pump inhibitors . Surgical therapy may include lapa 
roscopic fundoplication or bariatric surgery . Complications 
from anti - reflux surgery may include dysphagia of sufficient 
severity to require esophageal dilation in about 6 % of 
patients treated with fundoplication surgery as well as a 
significant increase in flatulence and the inability to belch 
( gas bloat syndrome ) . 
[ 0408 ] In some aspects , methods are provided for treating 
gastroesophageal reflux disease ( GERD ) . In some cases , the 
methods may comprise administering a therapeutic compo 
sition of the disclosure ( e . g . , a PGE2 compound and / or a 
myotoxin ) to a subject having , suspected of having , or at risk 
of developing GERD . In some embodiments , the therapeutic 
composition may treat GERD by inducing muscle regenera 
tion in the crural diaphragm . 
[ 0409 ] In some embodiments , a therapeutic composition 
of the disclosure may be administered in combination with 
a surgical procedure to treat GERD . In some cases , the 
therapeutic composition can be administered before surgery , 
during surgery , after surgery , or any combination thereof . In 
some cases , the crural diaphragm may be accessed laparo 
scopically and injected with a therapeutic composition of the 
disclosure . In some cases , the location of the crural dia 
phragm may be identified by locating the esophagus and the 
diaphragm hiatus , and then injecting the diaphragm adjacent 
to the esophagus with a therapeutic composition provided 
herein . In some cases , the injections may be performed 
circumferentially around the esophagus . In some cases , at 
least one , two , three , four , five , six , seven , eight , nine , ten , 
or more than ten circumferential injections around the 
esophagus may be performed . In some embodiments , a 27 - , 
28 - , 29 - or 30 - gauge needle may be used to inject the crural 
diaphragm . 
[ 0410 ] In some embodiments , methods of treating GERD 
may include administering ( e . g . , intramuscular injection ) a 
therapeutic composition of the disclosure to the crural 
diaphragm of a subject in need thereof , in a volume of about 
0 . 05 mL to about 0 . 15 mL . In some embodiments , the crural 
diaphragm may be injected with at least about 0 . 05 mL of 
the therapeutic composition . In some embodiments , the 
crural diaphragm may be injected with at most about 0 . 15 
mL of the therapeutic composition . In some embodiments , 
the crural diaphragm may be injected with greater than 0 . 05 
mL , greater than 0 . 06 mL , greater than 0 . 07 mL , greater than 
0 . 08 mL , greater than 0 . 09 mL , greater than 0 . 10 mL , greater 
than 0 . 11 mL , greater than 0 . 12 mL , greater than 0 . 13 mL , 
or greater than 0 . 14 mL of the therapeutic composition . 

[ 0411 ] In some aspects , the effectiveness of an adminis 
tration of a therapeutic composition of the disclosure ( e . g . , 
to treat GERD ) may be determined by conducting tests 
before administration , after administration , or both . In some 
cases , the test may include the Heartburn Specific Quality of 
Life ( HBQQL ) questionnaire , the GERD Health - Related 
Quality of Life ( GERD - HRQL ) questionnaire , or both . In 
some cases , the test may include monitoring an increase in 
thickness of the crural diaphragm using endoscopic ultra 
sound . 
[ 0412 ] G . Methods of Treating Obstructive Sleep Apnea 
[ 0413 ] Obstructive sleep apnea ( OSA ) , apnea , or hypo 
pnea , is characterized by repetitive episodes of complete or 
partial obstructions of the upper airway during sleep . The 
upper airway is divided into three regions : the nasopharynx , 
the oropharynx , and the hypopharynx . The oropharynx is 
subdivided into the retropalatal region ( the posterior margin 
of the hard palate to the caudal margin of the soft palate ) and 
the retroglossal region ( the caudal margin of the soft palate 
to the base of the epiglottis ) . The majority of patients with 
OSA have upper airway narrowing in the retropalatal region , 
the retroglossal region , or both . 
[ 0414 ] The skeletal muscles surrounding the pharyngeal 
airway are phasically activated during inspiration , which 
may help to dilate the airway and stiffen the airway walls . 
The pharyngeal muscles help regulate the position of the soft 
palate , tongue , hyoid apparatus , and posterolateral pharyn 
geal walls . Contraction of specific muscles within the palatal 
muscles opens the airway in the retropalatal region . Pha 
ryngeal muscles can have different effects when activated in 
concert as opposed to when activated individually . Coacti 
vation of the muscles in the anterior pharyngeal wall such as 
the geniohyoid and sternohyoid act on the hyoid bone to 
move it ventrally . The tensor palatine moves the soft palate 
ventrally . The genioglossus acts to displace the tongue 
ventrally . The extrinsic muscles of the tongue consist of the 
genioglossus , hyoglossus , and syloglossus and are important 
for the protrusion and retraction of the tongue . The genio 
glossus is the primary protruder muscle of the tongue with 
its contraction playing a seminal role in keeping the pha 
ryngeal airway open , mainly by widening the oropharynx in 
the anterior - poasterior dimension . During respiration , the 
primary goal of the pharyngeal muscles is to keep the airway 
open allowing for the flow of air in and out of the lung . 
[ 0415 ] In healthy individuals , the pharyngeal muscles are 
able to adequately compensate for the increase in airway 
resistance to maintain a patent airway . However , individuals 
that have a narrow upper airway , either due to obesity or 
bony structures crowding the airway , are at an increased risk 
of pharyngeal collapse during sleep . OSA is characterized 
by increased collapsibility of the upper airway during sleep , 
which results in reduced airflow ( hypopnea ) or blocked 
airflow ( apnea ) resulting in intermittent hypoxia . The upper 
airway may collapse because dilator muscles may be unable 
to sustain patency during portions of the respiratory cycle . 
The genioglossus is the major upper airway dilator muscle . 
In OSA patients , the genioglossus muscles have been shown 
to be structurally and functionally abnormal . One potential 
mechanism by which these upper airway dilating muscles 
fail is by fatigue . Fatigue is the loss in the muscle capacity 
for developing force resulting from muscle activity under 
load , and which is reversible by rest . In OSA , the upper 
airway dilating muscles are subjected to repeated bursts of 
forceful contraction at the end of each obstructive apnea , 


































































