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PEPTIDE - MEDIATED INTRAVESICAL 
DELIVERY OF THERAPEUTIC AND 

DIAGNOSTIC AGENTS 

PRIORITY CLAIM 

[ 0001 ] This application is a continuation of United States 
patent application No. division of U.S. patent application 
Ser . No. 16 / 011,378 , filed Jun . 18 , 2018 , which is a divi 
sional application of U.S. patent application Ser . No. 14/846 , 
536 , filed Sep. 4 , 2015 , now U.S. Pat . No. 10,029,012 , which 
claims priority to U.S. Provisional Application No. 62/046 , 
585 filed Sep. 5 , 2014 , the contents of which are hereby 
incorporated by reference in their entireties herein . 

vector and the drug . Covalent binding to cationic peptide 
polylysine requires elaborate application of chemistry tools 
[ 10 , 11 ] . 
[ 0007 ] The translation of basic antisense research into 
therapeutics is also impeded by intracellular stability of 
ODN and potential for “ off - target " gene silencing , immu 
nostimulation , and other side effects . Phosphorothioate 
modified ODN [ 12 ] are lipophilic and have increased sta 
bility against nucleolytic degradation [ 13 ] . 
[ 0008 ] A significant limitation for medicine , particularly 
treatments given by the intravesical route ( via a catheter into 
the bladder ) , is the poor permeability of the bladder to 
outside agents . Efficient cellular uptake of many chemical 
agents is still a challenge . 

GRANT INFORMATION 3. SUMMARY OF THE INVENTION 
[ 0002 ] This invention was made with government support 
under Grant No. DK088836 awarded by the National Insti 
tutes of Health . The government has certain rights in the 
invention . 

1. INTRODUCTION 
[ 0003 ] The present invention relates to methods and com 
positions for administering agents to cells in the bladder , 
whereby a cationic peptide or a mixture of cationic peptides 
is used to deliver an anionic therapeutic or diagnostic agent . 

[ 0009 ] The present invention relates to compositions com 
prising therapeutic and / or diagnostic anionic agents together 
with cationic peptides and their use in methods for deliver 
ing the anionic agents to bladder cells . In particular non 
limiting embodiments , a composition comprises an anionic 
drug or antisense oligonucleotide and a mixture of cationic 
peptides comprising protamine , and is used for intravesical 
drug delivery . Without being bound to any particular theory , 
it is believed that the cationic peptide ( s ) acts as a carrier 
through non - covalent association with the anionic agent and 
facilitates delivery of the agent into bladder cells . 

2. BACKGROUND OF THE INVENTION 
4. BRIEF DESCRIPTION OF THE FIGURES 

[ 0004 ] Introduction of short strands of antisense DNA 
with sequences complementary to the mRNA encoding a 
particular protein inside the cell is being explored as a 
therapeutic approach [ 1 ] . The inserted anti sense oligonucle 
otide ( “ ODN ” ) binds specifically and strongly to its mRNA 
target through Watson - Crick base pairing and blocks gene 
expression either through translational inhibition or enzy 
matic cleavage of the mRNA target [ 2 ] . Antisense therapeu 
tics have been under clinical investigation for more than 30 
years [ 3 ] for several diseases [ 4 ] . 
( 0005 ] Considering the anatomical architecture of bladder , 
the therapeutic principle for intravesical instillation of ODN 
is very appealing as it provides ease of local administration 
with restricted systemic side effects due to limited serum 
uptake of antisense ODN . However , applied research for 
bladder diseases has lagged behind other disciplines . Drug 
development of this approach has been hampered by inef 
ficient cellular uptake of the ODN . Bladder uptake of naked 
ODN is generally poor , but is improved in presence of 
bladder cancer , when very high concentration of naked ODN 
[ 5 ] is instilled . It is known that tight junctions in urothelium 
are compromised in cancerous condition [ 6 ] and therefore 
the strategy of relying on concentration gradient may not 
work in non - cancerous diseased condition where the barrier 
is intact , such as in overactive bladder . 
[ 0006 ] Several approaches have been tried to increase the 
bladder uptake of ODN without compromising the bladder 
barrier , but all have limitations . Cationic lipids have been 
used in the past to deliver ODN [ 7 , 8 ] , but that method 
requires organic solvents and expert handling for formulat 
ing the ODN and lipid together prior to use . The binding 
between the negatively charged DNA phosphate groups and 
the cationic lipid [ 8 ] or peptide carrier is achieved by ionic 
interaction . Traditional approaches using cationic peptides 
or polysaccharides [ 9 ] require covalent binding between the 

[ 0010 ] FIG . 1A - G . ( A - F ) Cellular uptake studies of ODN : 
UROtsa cells were incubated for 4 h at 37 ° C. with ( A ) 
naked 5 ' - TYETM 563 labelled Phosphorothioate oligonucle 
otide ( ODN ) , ( B ) 1 : 1 ( C ) 1 : 5 ODN / protamine particles . 
Cells were washed at the end of 4 h exposure to ODN 
mixture and the fluorescent images were captured following 
further incubation of treated cells for 24 hours at 37 ° C. The 
bright red fluorescence demonstrates successful uptake and 
retention of ODN . Respective bright field images are shown 
below in panels D , E and F. The amount of fluorescent 
oligonucleotide added to each well was always 1 ug and the 
protamine amount varied from 0 , 1 and 5 ug in panels A , B 
and C , respectively . Exposure time in panel A with naked 
ODN was 5 sec and it was 1.2 sec in other panels at 10x 
magnification . ( G ) Effect of increasing protamine concen 
trations on viability of UROtsa cells is shown . 
[ 0011 ] FIG . 2A - I : Cellular uptake studies of ODN : Uptake 
of fluorescent oligonucleotide by uroepithelium cells in 
culture at higher protamine : oligonucleotide ratios . UROtsa 
cells were incubated for 4 h at 37 ° C. with ( A ) 5 ' - TYETM 563 
labelled Phosphorothioate oligonucleotide and protamine in 
1:10 , ( B ) 1:20 ( C ) 1:40 ODN / protamine particles . Cells were 
washed at the end of 4 h exposure to ODN mixture and the 
fluorescent images were captured following further incuba 
tion of treated cells for 24 hours at 37 ° C. Respective bright 
field images are shown in panels , D , E and F. The amount of 
fluorescent oligonucleotide added to each well was always 
and the protamine amount varied from 10 , 20 and 40 ug in 
panels A , B and C , respectively . Exposure time was constant 
in all images at 1.2 sec in panels A , B and C with magni 
fication 10x and corresponding images at higher magnifi 
cation for each panel are shown in panels G , H and I. 
[ 0012 ] FIG . 3A - D : Bladder Uptake of ODN : Results of in 
vivo instillation of fluorescent oligonucleotide and pro 



US 2021/0052734 A1 Feb. 25 , 2021 
2 

the cationic peptide comprises at least 30 percent or at least 
50 percent positively or potentially positively charged amino 
acid residues selected from the group consisting of arginine , 
lysine , histidine , or mixtures thereof . In certain non - limiting 
embodiments , the cationic peptide comprises at least 30 
percent or at least 50 percent arginine residues ( relative to 
total number of amino acid residues ) . In certain non - limiting 
embodiments a cationic peptide according to the invention 
may comprise , alone or in combination , where the single 
letter code for amino acids is used : 

( Homo sapiens ; UniProtKB / Swiss - Prot : 
P04553.2 ; SEQ ID NO : 1 ) 
MARYRCCRSQ SRSRYYRQRQ RSRRRRRRSC QTRRRAMRCC 

RPRYRPRCRR H ; 

( Homo sapiens ; UniProtKB / Swiss - Prot : 
P04554.3 ; SEQ ID NO : 2 ) 
MVRYRVRSLS ERSHEVYRQQ LHGQEQGHHG QEEQGLSPEH 

tamine sulfate into rat bladder , showing fluorescence 24 
hours later . Fluorescence images of rat bladders harvested 24 
h post - instillation with antisense oligonucleotide with 5 ' tag 
of TYETM 563 at 15 ug / mL complexed with 150 ug / mL 
protamine sulfate ( panel A ) and those instilled with ODN 30 
ug / mL complexed with 300 ug / mL of protamine sulfate 
( panel B ) . The bright red fluorescence demonstrates suc 
cessful uptake and retention in target cells of ODN delivered 
by protamine and higher concentration of ODN led to deeper 
penetration of ODN into the bladder ( panel B ) . Fluorescence 
integrated intensity images are shown in respective sections 
to confirm the source of red fluorescent signal . Lumen side 
of the section is marked by a white arrow . Magnification is 
10x in all sections . 
[ 0013 ] FIG . 4 : Functional Effect of ODN Carried By 
Protamine : Cystometric analysis of bladder overactivity in 
treated groups induced by intravesical application of acetic 
acid ( “ AA ” ; 0.25 % ) . Top tracing : Representative CMG was 
performed 24 h post - instillation of 0.3 mg / mL protamine 
( sham group ) , binary complex of antisense ODN ( 15 ug ) and 
protamine ( middle trace ) and antisense ODN ( 30 ug ) com 
plexed with protamine ( bottom trace ) . Baseline CMG ( 60 
min prior to acetic acid infusion ) and post - acetic acid 
cystometry are shown in left and right traces , respectively . 
Note that the AA - induced reduction in ICI was seen in a rat 
not treated with ODN ( top tracing ) , but not in the group 
treated with NGF antisense complex with protamine to 
demonstrate the protective effect of antisense ODN . CMG 
parameters in absence of AA were not significantly different 
between groups . 
[ 0014 ] FIG . 5 : Effect on Bladder NGF levels : Bladder 
tissue harvested from each group was analyzed for NGF 
levels measured by ELISA ( n = 4 ) . Exposure to acetic acid 
( “ AA ” ) raised the NGF levels in sham group compared to 
control group that was not exposed to AA . Pretreatment with 
NGF antisense complexed with protamine ( 30 ug / mL ) 
blunted the AA induced rise in NGF levels . ANOVA fol 
lowed by Tukey's test showed significant reduction of NGF 
expression in rat group treated with NGF antisense ( 30 
ug / mL ) ( * P < 0.05 ) 

VEVYERTHGQ SHYRRRHCSR RRLHRIHRRQ HRSCRRRKRR 

SCRHRRRHRR GCRTRKRTCR RH ; 

( Oryzias latipes ; NCBI Reference Sequence : 
NP_001098274.1 ; SEQ ID NO : 3 ) 
MRRQASLPAR RRRRVRRTRV VRRRRRVGRR RH ; 

5. DETAILED DESCRIPTION OF THE 
INVENTION 

[ 0015 ] The present invention relates to methods and com 
positions for administering agents to cells in the bladder , 
whereby a cationic peptide or mixture of cationic peptides is 
used to deliver one or more anionic therapeutic or diagnostic 
agents . 
[ 0016 ] A cell in the bladder may be any cell located in the 
bladder , including , but not limited to , a urothelial cell ( which 
also may be referred to as a “ uroepithelial cell ” ) which may 
be an umbrella , intermediate , or basal cell , a muscle cell , a 
fibroblast , an endothelial cell or a cancerous bladder cell , for 
example a urothelial carcinoma cell . 
[ 0017 ] A “ cationic peptide ” is a peptide that has a net 
positive charge . In certain non - limiting embodiments the 
peptide is at least about 15 amino acids long , or at least about 
20 amino acids long , or at least about 25 amino acids long , 
or at least about 30 amino acids long , and / or up to about 40 
amino acids long , up to about 50 amino acids long , up to 
about 60 amino acids long , up to about 70 amino acids long , 
or between about 15 and 70 amino acids long , or between 
about 20 and 60 amino acids long , or between about 20 and 
50 amino acids long . In certain non - limiting embodiments , 

[ 0018 ] PRRRRRSSSR PIRRRRRPRAS RRRRRGGRRR 
R ( chum salmon peak A peptide ; SEQ ID NO : 4 ; European 
Medicines Agency , 15 Nov. 2012 , EMA / 741250 / 2012 , 
Assessment report for Protamine containing medicinal prod 
ucts , Review under Article 5 ( 3 ) of Regulation ( EC ) No 
726/2004 , citing Hoffman et al . , 1990 ) ; 
[ 0019 ] PRRRRSSRRP VRRRRRPRVSR RRRRG 
GRRRR ( chum salmon peak B peptide ; SEQ ID NO : 5 ; 
European Medicines Agency , 15 Nov. 2012 , EMA / 741250 / 
2012 , Assessment report for Protamine containing medicinal 
products , Review under Article 5 ( 3 ) of Regulation ( EC ) No 
726/2004 , citing Hoffman et al . , 1990 ) ; 
[ 0020 ] PRRRRSSSRP VRRRRRPRVSR RRRRG 
GRRRR ( chum salmon peak C peptide ; SEQ ID NO : 6 ; 
European Medicines Agency , 15 Nov. 2012 , EMA / 741250 / 
2012 , Assessment report for Protamine containing medicinal 
products , Review under Article 5 ( 3 ) of Regulation ( EC ) No 
726/2004 , citing Hoffman et al . , 1990 ) ; PRRRRASRRI 
RRRRRPRVSR RRRRGGRRRR ( chum salmon peak D 
peptide ; SEQ ID NO : 7 ; European Medicines Agency , 15 
Nov. 2012 , EMA / 741250 / 2012 , Assessment report for Pro 
tamine containing medicinal products , Review under Article 
5 ( 3 ) of Regulation ( EC ) No 726/2004 , citing Hoffman et al . , 
1990 ) ; or 
[ 0021 ] a peptide comprising the sequence RRRX , X , RRR 
where X , or X , or both is / are G or V or A ( SEQ ID NO : 8 ) . 
[ 0022 ] In certain non - limiting embodiments , a single spe 
cies of cationic peptide is used for delivery in the delivery 
formulation . In certain other non - limiting embodiments of 
the invention , a mixture of cationic peptides is used . In 
certain non - limiting embodiments of the invention , a mix 
ture of cationic peptides commercially available as pro 
tamine sulfate is used . In a specific non - limiting embodi 
ment the protamine sulfate may be as approved by the 
United States Food and Drug Administration , for example , 
as provided in a 10 mg / mL solution by Fresenius Kabi 
U.S.A. or an equivalent product . 
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[ 0023 ] In certain non - limiting embodiments , the cationic 
peptide may be linked to another peptide that does not 
qualify as a cationic peptide and / or to a non - amino acid or 
non - peptide component , such as , but not limited to , a lipid , 
a fatty acid , a carbohydrate or a nucleic acid . In certain 
non - limiting embodiments the cationic peptide may be con 
jugated to one or more additional molecule , for example , but 
not limited to , a carbohydrate , an antibiotic , an antiprolif 
erative agent , a pharmaceutical , or another peptide , whose 
physiochemical properties makes them impermeable across 
urothelium . 
[ 0024 ] An " anionic agent ” is an agent that may be used as 
a diagnostic or therapeutic wherein at least a portion of the 
agent has a negative charge that can form a non - covalent 
attachment with a cationic peptide . In certain , non - limiting 
embodiments , the anionic agent is an antisense oligonucle 
otide . In certain , non - limiting embodiments , the antisense 
oligonucleotide is at least about 10 nucleic acids long , or at 
least about 15 nucleic acids long , or at least about 20 nucleic 
acids long , or at least about 25 nucleic acids long , or up to 
about 30 nucleic acids long , or up to about 50 nucleic acids 
long , or up to about 75 nucleic acids long , or up to about 100 
nucleic acids long , or between about 15 and 75 nucleic acids 
long , or between about 15 and 40 nucleic acids long . In 
certain non - limiting embodiments , the antisense oligonucle 
otide inhibits the expression / reduces the level of nerve 
growth factor . In certain non - limiting embodiments , said 
nerve growth factor is human nerve growth factor encoded 
by a mRNA having a corresponding cDNA sequence set 
forth in GenBank Accession No. GenBank : M57399.1 , as 
follows : 

and said antisense oligonucleotide is homologous to a por 
tion thereof which is at least about 10 nucleic acids long , or 
at least about 15 nucleic acids long , or at least about 20 
nucleic acids long , or at least about 25 nucleic acids long , or 
up to about 30 nucleic acids long , or up to about 50 nucleic 
acids long , or up to about 75 nucleic acids long , or up to 
about 100 nucleic acids long , or between about 15 and 75 
nucleic acids long , or between about 15 and 40 nucleic acids 
long . As non - limiting examples , analogous antisense oligo 
nucleotides may be directed to mRNAs encoding Vascular 
Endothelial Growth Factor ( “ VEGF ” ) , transforming growth 
factor - betal ( “ TGF - B1 ” ) , Brain Derived Neurotrophic Fac 
tor ( BDNF ) , neurotrophin - 4 / 5 ( NT - 4 / 5 ) , cell cycle protein 
involved in cell proliferation and migration such as onco 
protein - 18 / stathmin 1 or PIK - 1 , inflammatory proteins , 
cytokines , chemokines , caspase - 1 , or proteins involved in 
autophagy such as microtubule - associated protein 1 light 
chain 3 ( LC3B ) , autophagy protein 5 ATGS , beclin 1 , 
LAMP - 2 , for example but not limited to human Vascular 
Endothelial Growth Factor ( “ VEGF ” ) , transforming growth 
factor - betal ( “ TGF - B1 ” ) , Brain Derived Neurotrophic Fac 
tor ( BDNF ) , neurotrophin - 4 / 5 ( NT - 4 / 5 ) , cell cycle protein 
involved in cell proliferation and migration such as onco 
protein - 18 / stathmin 1 or PIK - 1 , inflammatory proteins , 
cytokines , chemokines , caspase - 1 , or proteins involved in 
autophagy such as microtubule - associated protein 1 light 
chain 3 ( LC3B ) , autophagy protein 5 ATGS , beclin 1 , 
LAMP - 2 . 

[ 0025 ] In certain , non - limiting embodiments , the anionic 
agent is an interfering RNA ( siRNA ) oligonucleotide . In 
certain , non - limiting embodiments , the siRNA oligonucle 
otide is at least about 10 nucleic acids long , or at least about 

[ SEQ ID NO : 9 ] 
1 tctgctttta ataagcttcc caatcagctc tcgagtgcaa agcgctctcc ctccctcgcc 

61 cagccttcgt cctcctggcc cgctcctctc atccctccca ttctccattt cccttccgtt 

121 ccctccctgt cagggcgtaa ttgagtcaaa ggcaggatca ggttccccgc cttccagtcc 

181 aaaaatcccg ccaagagagc cccagagcag aggaaaatcc aaagtggaga gaggggaaga 

241 aagagaccag tgagtcatcc gtccagaagg cggggagagc agcagcggcc caagcaggag 

301 ctgcagcgag ccgggtacct ggactcagcg gtagcaacct cgccccttgc aacaaaggca 

361 gactgagcgc cagagaggac gtttccaact caaaaatgca ggctcaacag taccagcagc 

421 agcgtcgaaa atttgcagct gccttcttgg cattcatttt catactggca gctgtggata 

481 ctgctgaagc agggaagaaa gagaaaccag aaaaaaaagt gaagaagtct gactgtggag 

541 aatggcagtg gagtgtgtgt gtgcccacca gtggagactg tgggctgggc acacgggagg 

601 gcactcggac tggagctgag tgcaagcaaa ccatgaagac ccagagatgt aagatcccct 

661 gcaactggaa gaagcaattt ggcgcggagt gcaaatacca gttccaggcc tggggagaat 

721 gtgacctgaa cacagccctg aagaccagaa ctggaagtct gaagcgagcc ctgcacaatg 

781 ccgaatgcca gaagactgtc accatctcca agccctgtgg caaactgacc aagcccaaac 
841 ctcaagcaga atctaagaag aagaaaaagg aaggcaagaa acaggagaag atgctggatt 

901 aaaagatgtc acctgtggaa cataaaaagg acatcagcaa acaggatcag ttaactattg 

961 catttatatg taccgtaggc tttgtattca aaaattatct atagctaagt acacaataag 

1021 caaaaacaa , 
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15 nucleic acids long , or at least about 20 nucleic acids long , 
or at least about 25 nucleic acids long , or up to about 30 
nucleic acids long , or up to about 50 nucleic acids long , or 
up to about 75 nucleic acids long , or up to about 100 nucleic 
acids long , or between about 15 and 75 nucleic acids long , 
or between about 15 and 40 nucleic acids long . In certain 
non - limiting embodiments , the siRNA oligonucleotide 
inhibits the expression / reduces the level of nerve growth 
factor . In certain non - limiting embodiments , said nerve 
growth factor is human nerve growth factor encoded by a 
mRNA having the corresponding cDNA sequence set forth 
in GenBank Accession No. GenBank : M57399.1 ( for 
example SEQ ID NO : 9 above ) and said siRNA oligonucle 
otide is homologous to a portion thereof which is at least 
about 10 nucleic acids long , or at least about 15 nucleic acids 
long , or at least about 20 nucleic acids long , or at least about 
25 nucleic acids long , or up to about 30 nucleic acids long , 
or up to about 50 nucleic acids long , or up to about 75 
nucleic acids long , or up to about 100 nucleic acids long , or 
between about 15 and 75 nucleic acids long , or between 
about 15 and 40 nucleic acids long . As non - limiting 
examples , analogous siRNA oligonucleotides may be 
directed to mRNAs encoding Vascular Endothelial Growth 
Factor ( " VEGF ) , transforming growth factor - betal ( " TGF 
B1 ” ) , Brain Derived Neurotrophic Factor ( BDNF ) , neuro 
trophin - 4 / 5 ( NT - 4 / 5 ) , cell cycle protein involved in cell 
proliferation and migration such as oncoprotein - 18 / stathmin 
1 or PIK - 1 , inflammatory proteins , cytokines , chemokines , 
caspase - 1 , or proteins involved in autophagy such as micro 
tubule - associated protein 1 light chain 3 ( LC3B ) , autophagy 
protein 5 ATGS , beclin 1 , LAMP - 2 , for example but not 
limited to human Vascular Endothelial Growth Factor 
( " VEGF ” ) , transforming growth factor - betal ( “ TGF - B1 " ) , 
Brain Derived Neurotrophic Factor ( BDNF ) , neurotrophin 
4/5 ( NT - 4 / 5 ) , cell cycle protein involved in cell proliferation 
and migration such as oncoprotein - 18 / stathmin 1 or PIK - 1 , 
inflammatory proteins , cytokines , chemokines , caspase - 1 , or 
proteins involved in autophagy such as microtubule - associ 
ated protein 1 light chain 3 ( LC3B ) , autophagy protein 5 
ATGS , beclin 1 , LAMP - 2 . 
[ 0026 ] Such antisense or siRNA oligonucleotides may 
comprise non - naturally occurring bases or linkages as are 
known in the art , for example , but not limited to , phospho 
rothioate residues , 2 ' - O - methyl ( 2 ' - O - Me ) phosphorothioate , 
2 ' - O - methoxyethyl ( 2 ' - O - MOE ) phosphorothioate residues , 
Oligodeoxyribonucleotides with phosphonoacetate or thio 
phosphonoacetate internucleotide linkages , locked nucleic 
acids , and / or synthethic microRNA , short hairpin RNA , 
small interfering RNA , piwi - associated RNAs negatively 
charged homo - oligomers of alternating trans - 4 - hydroxy - L 
proline / phosphonate polyamides ( HypNA - PPNA ) . 
[ 0027 ] Other anionic compounds that may be used as 
therapeutic or diagnostic agents include Bacille Calmette 
Guerin cell wall skeleton , suramin and ( polysulfonated 
naphtylurea ) , plasmid DNA , anionic peptides , anionic anti 
fungal peptides . 
[ 0028 ] In certain non - limiting embodiments , the invention provides for a pharmaceutical composition comprising said 
cationic peptide ( s ) and anionic agent ( s ) for intravesical 
administration to a subject ( a delivery formulation ) . Said 
composition may be available as such or may be prepared 
shortly before administering to the subject by mixing the 
cationic peptide ( s ) with the anionic agent ( s ) or by reconsti 
tuting a mixture of the two . In one specific non - limiting 

embodiment , the cationic peptide mixture is a commercially 
available protamine injection solution which is mixed with 
the anionic agent prior to administering to the subject . 
[ 0029 ] In other non - limiting embodiments , the cationic 
peptide ( s ) and the anionic agent are provided as separate 
components in a kit , to be mixed together to form a delivery 
formulation shortly before administering to a subject . 
“ Shortly before ” means within about 30 days prior to use or 
within about one week prior to use or within about 3 days 
prior to use or within about 2 days prior to use or within 
about 24 hours prior to use or within about 12 hours prior to 
use or within about 8 hours prior to use . 
[ 0030 ] In certain non - limiting embodiments , the present 
invention provides for a mixture that may comprise a 
therapeutic or diagnostic oligonucleotide in the concentra 
tion range of 2-20 micromolar mixed with cationic peptide 
or cationic peptide mixture ( eg protamine sulfate ) in the 
20-200 micromolar range . In certain non - limiting embodi 
ments , the cationic peptide is protamine and the concentra 
tion of protamine is less than 10 mg / mL , or less than 1 
mg / mL , or less than 0.6 mg / mL , or less than 0.4 mg / mL , or 
between 0.2 mg / mL and 0.6 mg / mL , or between about 0.2 
mg / mL and 0.4 mg / mL , or about 0.3 mg / mL , or about 0.4 
mg / mL . 
[ 0031 ] In certain non - limiting embodiments , the weight 
ratio of cationic peptide ( s ) to anionic agent is between about 
1 : 1 to about 40 : 1 or between about 5 : 1 to about 30 : 1 or 
between about 5 : 1 to about 15 : 1 and / or may be about 1 : 1 or 
about 5 : 1 or about 10 : 1 or about 15 : 1 or about 20 : 1 or about 
30 : 1 or about 40 : 1 . 

[ 0032 ] In certain non - limiting embodiments , the weight 
ratio of protamine sulfate to oligonucleotide is between 
about 1 : 1 to about 40 : 1 or between about 5 : 1 to about 30 : 1 
or between about 5 : 1 to about 15 : 1 and / or may be about 1 : 1 
or about 5 : 1 or about 10 : 1 or about 15 : 1 or about 20 : 1 or 
about 30 : 1 or about 40 : 1 . 
[ 0033 ] The pharmaceutical compositions of the invention 
may further comprise one or more pharmaceutically suitable 
solvent , such as but not limited to water and / or saline , and 
may optionally comprise one or more additional therapeutic 
or diagnostic agent . 
[ 0034 ] In certain non - limiting embodiments the present 
invention provides for a method of treating a subject , in need 
of such treatment , with an anionic therapeutic agent , com 
prising administering into the bladder of the subject an 
effective amount of an anionic therapeutic agent in combi 
nation with a cationic peptide ( s ) in an amount that promotes 
the uptake of the therapeutic agent into bladder cells . In 
non - limiting embodiments , the subject may be suffering 
from overactive bladder ( " OAB ” ) , bladder cancer , or inter 
stitial cystitis . 
[ 0035 ] In certain non - limiting embodiments the present 
invention provides for a method of performing a diagnostic 
procedure on the bladder of a subject , comprising adminis 
tering into the bladder of the subject an effective amount of 
an anionic diagnostic agent in combination with a cationic 
peptide ( s ) in an amount that promotes the uptake of the 
diagnostic agent into bladder cells , thereby enabling the 
diagnostic procedure . As a non - limiting example , the diag 
nostic procedure may be an imaging procedure and the 
anionic agent may be an imaging dye , whereby the method 
enhances the ability of the dye to produce an image of the 
urothelium . 
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[ 0036 ] In certain non - limiting embodiments the present 
invention provides for a method of treating a subject with 
overactive bladder , comprising administering into the blad 
der of the subject a therapeutic amount of an antisense 
oligonucleotide toward nerve growth factor in combination 
with a cationic peptide ( s ) in an amount that promotes the 
uptake of the antisense oligonucleotide into bladder cells to 
reduce the level of nerve growth factor and reduce the 
frequency of urination and / or feeling of urgency to urinate . 
In a specific non - limiting embodiment the cationic peptide 
( s ) is a mixture of cationic peptides as comprised in a 
protamine solution . 
[ 0037 ] A subject may be a human or a non - human subject , 
including but not limited to a non - human primate , a rodent , 
a rabbit , a dog , a cat , a horse , a goat , a cow or bull , a sheep , 
or a bird . 

6. WORKING EXAMPLE 

[ 0038 ] The present study describes the use of a new carrier 
for ODN , Protamine , which has been used as a component 
in the delivery system for gene and ODN in the past , but not 
in this context [ 14 ] . Protamine is highly stable , well char 
acterized and is used clinically as an antidote to heparin 
overdoses and a complexing agent for insulin in long - acting 
preparations [ 15 ] . It has , however , been reported to have 
toxic effects when instilled into bladder at relatively higher 
concentration [ 21-23 ] . 
[ 0039 ] A. Methods 
[ 0040 ] Oligonucleotides : The 18mer phosphorothioated 
antisense oligonucleotide ( ODN ) was used in all experi 
ments with the sequence 5'GCCCGAGACGCCTCCCGA 
( SEQ ID NO : 10 ) , which was directed against unique 
sequence in exon 3 of rat NGF mRNA and was custom made 
by Integrated DNA technologies ( San Diego , Calif . ) . ODN 
had a 5 ' tag of TYETM 563 for uptake studies . Stock solution 
of HPLC grade ODN was prepared at 2 mM in nuclease free 
distilled water ( Invitrogen , Grand Island , N.Y. , USA ) . 
[ 0041 ] Protamine : Protamine sulfate Grade X , was pur 
chased from Sigma ( Catalog P4020 ) with a molecular mass 
of approx . 5.1 KDa and stock solution was prepared at 5 
mg / mL . Aliquots of ODN solution containing 5 ug / mL were 
mixed in mass ratios ranging from 1 : 1 to 1:40 with aqueous 
solutions of Protamine sulfate 5-200 ug / mL . The binary 
complex was incubated at room temperature for 30 minutes 
prior to experiments and prepared fresh before every experi 
ment . 

[ 0042 ] Cell lines and cell culture : UROtsa cell line was 
maintained in a humidified incubator containing 5 % CO2 
95 % atmospheric air at 37 ° C. in Minimum Essential 
Medium ( Thermo Fisher Scientific , Pittsburgh , Pa . ) supple 
mented with 10 % ( v / v ) fetal bovine serum and 1 % ( v / v ) 
antibiotic / antimycotic ( Catalog Number 15240 , Invitrogen ) . 
[ 0043 ] Intracellular uptake of TYETM - labeled ODN - 10 , 
000 cells of UROtsa cell line were plated in an eight - well 
tissue culture chamber slides made of glass ( Falcon , Becton 
Dickinson , N.Y. ) at 37 ° C. and after 19 h , plated cells were 
treated with 5 ug / mL of TYETM 563 - labeled ODN or the 
binary complex containing ODN complexed with protamine 
5-200 ug / mL in different mass ratios . All preparations were 
diluted 2 - fold with incomplete media and incubated for 4 
hours . After 4 hours , cells were washed to remove residual 
ODN preparations and then incubated with complete media 
for 19 h . After incubation , cells were washed three times 
with cold PBS and were fixed with a 5 % ( w / w ) solution of 

paraformaldehyde in PBS for 7 min and then embedded in 
an antifading substance . Images were taken with a fluores 
cence microscope equipped with a laser ( BX51 , Olympus 
America Inc , Center Valley , Pa . , ) and image digitized by 
Magnafire . All optical sections were recorded at the same 
exposure time and images were processed with the Image 
software . 
[ 0044 ] Cell viability : 10,000 cells were seeded in 96 - well 
culture plates and after 19 h , the medium was replaced with 
incomplete medium containing different concentrations of 
prepared ODN + protamine complexes for 4 h . The cell media 
was replaced after ODN exposure with complete culture 
medium for the next 19 h . 3- ( 4,5 - dimethylthiazol - 2 - yl ) -2,5 
diphenyltetrazolium bromide salt ( 5 mg / mL of stock in PBS ) 
was then added ( 10 ul per well in 100 ul ) and plate was 
further incubated for 5 h . At the end of the incubation period , 
the reaction mixture was carefully removed and 200 ul of 
culture grade DMSO was added to each well . The plates 
were kept on rocker shaker for 10 min at room temperature 
and then analyzed at 550 nm using multi well micro plate 
reader ( Synergy HT , Bio - Tek , USA ) . Unexposed sets were 
also run under identical conditions and served as untreated 
controls . 
[ 0045 ] Bladder uptake studies : Rats were anesthetized 
with 2 % isoflurane and their bladders were catheterized by 
24 - gauge angiocatheters ( Becton Dickinson ) , washed with 
saline to instill 0.5 mL of fluorescent TYETM conjugated 
ODN dissolved in nuclease free water or complexed with 
protamine for 60 min . Rats restarted their voiding in meta 
bolic cages at the end of instillation . Bladders were har 
vested at the time of sacrifice and cryopreserved for cryo 
sectioning into 8 micron thick tissue sections . Sections were 
examined for fluorescence signal by fluorescence micro 
scope equipped with a laser . 
[ 0046 ] Efficacy studies : 13 rats were anesthetized with 2 % 
isoflurane and 24 - gauge angiocatheters were inserted into 
their urethras . Via these catheters , urine was drained from 
the bladders and phosphorothioated NGF antisense ODN 
( 2-12 uM ) complexed with protamine ( n = 5 ) , in a volume of 
0.5 ml , was instilled . The sham group received saline or 
protamine sulfate 0.3 mg / mL ( n = 4 ) and a control group 
without any instillation was also included for saline cystom 
etry 24 h after instillation under urethane anesthesia ( 1.0 
g / kg , s.c. ) . The efficacy of instilled treatments were assessed 
by comparing results of saline with acetic acid cystometry 
0.25 % v / v acetic acid in saline infusion at the rate of 0.04 
mL / min . A polyethylene catheter ( PE - 50 ) was connected by 
a three - way stopcock to a pressure transducer and to a 
syringe pump . The catheter was then inserted into the 
bladder transurethrally for recording intravesical pressure 
and for infusing solutions into the bladder . The intravesical 
pressure was recorded with data - acquisition software ( sam 
pling rate 400 Hz ; Chart ) on a computer system equipped 
with an analog - to - digital converter . The rats ' body tempera 
tures were maintained in the physiologic range using a 
heating lamp . A control CMG was performed by slowly 
filling the bladder with saline ( 0.04 mL / min ) to elicit repeti 
tive voiding for more than for 1 hour . Subsequently , bladder 
irritation was induced by 0.25 % AA infusion . The ICI of the 
reflex bladder contractions during saline and AA was deter 
mined as the time between 2 continuing contraction cycles . 
The average of at least 3 ICIs measured for more than 30 min 
after saline infusion and 60 min after AA infusion , respec 
tively was compared . 
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[ 0047 ] Immunohistochemistry : Following cystometry , 
bladders were cryopreserved and 8 um thick cryosections 
were washed in PBS and pre - incubated with PBS containing 
20 % normal serum ( Jackson Immunoresearch ) and 0.2 % 
Triton X - 100 ( VWR International , ) for 2 h at room tem 
perature . The primary polyclonal rabbit H - 20 antibody 
( 1:50 ) ( Santa Cruz Biotechnology , Santa Cruz , Calif . ) for 
NGF was applied in PBS containing 5 % normal serum , 
0.2 % Triton X - 100 for 16-18 h at 4 ° C. Sections were 
washed in PBS containing 0.1 % BSA , 0.1 % Triton X - 100 , 
4x for 5 min each at room temperature . The secondary 
donkey anti - rabbit Alexa Fluor 488 ( 1 : 200 ) ( Molecular 
Probes , Eugene , Oreg . ) antibody was applied for 2 h at room 
temperature in PBS containing 0.1 % BSA , 0.1 % Triton 
X - 100 . Washing was performed 3x at room temperature in 
PBS , and sections were mounted with an aqueous mounting 
medium . Immunostaining was analyzed with a Nikon con 
focal microscope . 
[ 0048 ] NGF levels in harvested bladders : The rat bladders 
were harvested at the end of cystometry . Tissues were 
homogenized in RIPA lysis buffer system ( Santa Cruz Bio 
technology Inc. , USA ) in the presence of 1 mM Naz V04 , 2 
mM PMSF and 10 uL / mL protease inhibitor cocktail . Pro 
tein was estimated using pierce BCA protein Assay kit 
( Thermo Scientific , USA ) . Tissue lysates were stored at 
-20 ° C. until assay and assayed in triplicate in an antigen 
capture ELISA Emax Immuno - Assay System ( Promega , 
Madison , Wis . ) according to the manufacturer's instructions . 
ELISA plates were read at 450 nm on an Elx800 microplate 
reader ( Bio - Tek Instruments , Winooski , Vt . ) . Tissue NGF 
values were normalized against the protein concentrations of 
each sample and expressed as picograms per milligram of 
protein . 
( 0049 ] B. Results : 
[ 0050 ] Cellular uptake studies : Cellular uptake was inves 
tigated by incubating naked and ODN complexed with 
protamine at 37 ° C. for 4 hours and assessing the fluorescent 
signal in cells 24 h later . Cells treated with ODNs in the 
absence of protamine showed absence of any fluorescent 
signal ( FIG . 1A ) . In contrast , all protamine / ODN complexes 
showed protamine concentration dependent increase of 
ODN uptake . The highest efficacy was found with increasing 
mass ratios ( FIG . 1 & 2 ) . At the mass ratio 1 : 5 the cells 
seemed to be full of ODN and uptake increased up to 1:10 
ratio and cellular toxicity was observed at higher concen 
tration . 
[ 0051 ] Images taken at higher magnification demonstrate 
that protamine nanoparticles formed with ODN were local 
ized in the nucleus ( FIG . 2G - I ) . The binary complex showed 
toxicity at higher concentration of protamine sulfate in FIG . 
1 bottom panel as revealed by decrease in cell viability 
relative to control untreated cells represented by 0 ug on 
x - axis . Higher concentration of protamine reduced cell 
viability . Protamine sulfate induced toxicity is also related to 
reduced fluorescence ( FIGS . 2C & F ) . Although cellular 
uptake and subcellular localization of fluorescent ODN is 
visible at higher magnification ( FIG . 2G - I ) , images taken at 
lower magnification showed the uniform uptake of binary 
complexes and were better in revealing toxicity from higher 
concentrations of protamine , for example 40 ug per well or 
0.2 mg / mL . 
[ 0052 ] Bladder Uptake : Rat bladders harvested after ODN 
instillation were cryosectioned for viewing the red fluores 
cence under the microscope ( FIG . 3 ) The fluorescent signal 

was used as a measure of bladder uptake of ODN after 
instillation . Protamine mediated bladder uptake of ODN was 
evident from intense fluorescence of TYETM 563 in bladder 
sections . Increasing the dose of TYETM 563 labeled ODN , 
while keeping the mass ratio of ODN : protamine 1:10 , 
increased the intensity of fluorescence in bladder . Our pre 
vious studies have demonstrated the naked ODN at the 
concentration of 15 ug / mL ( or 0.015 mg / mL ) does not 
transfer into the bladder cells [ 7 ] . Fluorescence integrated 
intensity images are shown below the fluorescent images to 
reveal the localization of fluorescent signal . 
[ 0053 ] Cystometry : Baseline CMG under saline infusion 
was indistinct between the groups . Pretreatment of antisense 
ODN ( n = 4 ) complexed with protamine blocked the AA 
induced bladder overactivity ( FIG . 4A , middle and bottom 
tracing ) . The sequence specificity of NGF antisense ODN 
selected for these experiments has been demonstrated pre 
viously , with scrambled ODN sequence not showing any 
effect [ 7 ] in this model . The ICI was longer in the antisense 
treated group , compared to the sham group and the differ 
ences were statistically significant using one - way ANOVA 
followed by Tukey's post test ( * p < 0.05 ) ( FIG . 4B ) . 
[ 0054 ] Bladder NGF levels : AA exposure elevated the 
NGF production in the sham group relative to the control 
group . Pretreatment with NGF antisense ODN significantly 
blocked the AA induced NGF overexpression in the tissue 
lysates of bladder ( FIG . 5 ) . Results of FIG . 5 can be directly 
inferred from the bladder uptake of ODN facilitated by 
protamine . NGF levels in control rat group not exposed to 
AA were not raised . 
[ 0055 ] C. Discussion 
[ 0056 ] A carrier for therapeutic oligonucleotides that is 
easy to make and instill in the bladder for in vivo experi 
ments as described here has translation potential for patients 
that are refractory to traditional treatment of overactive 
bladder ( “ OAB ” ) , bladder cancer or interstitial cystitis . 
Protamine is a natural and arginine - rich polycationic peptide 
of ~ 5.1 KDa . It is found in male gametes , where it forms 
compact structures with DNA and facilitates DNA delivery 
to the egg nucleus after fertilization . Protamine possesses 
several amino acid sequences resembling that of a nuclear 
localization signal [ 14 ] , which may facilitate DNA delivery 
to nucleus . It is non - antigenic [ 16 ] , due to the lack of 
aromatic amino acids and the lack of a rigid structure [ 17 ] . 
We hypothesized that cationic protamine can self - assemble 
with the anionic ODN , forming a stable complex , which 
facilitates the bladder uptake of ODN . 
[ 0057 ] In earlier experiments protamine was shown to 
form nanoparticles with ODN [ 18 , 19 ] in the size range of 
100-200 nm . The ratio of bound ODN and number of 
particles increased with increasing mass ratio of protamine 
in the binary complex [ 10 ] . Binary complexes at mass ratios 
higher than 1 : 2 showed positive surface potentials [ 20 ] due 
to excess amounts of cationic peptide . However those obser 
vations were only from cell culture and the complexes were 
yet to be tested in animals , an essential prerequisite for 
assessing potential clinical benefit . 
[ 0058 ] The observations described here are unexpected , 
when considered in the light of the reports describing toxic 
effects of protamine when instilled into the bladder at 
relatively higher concentration [ 21-23 ] . High concentrations 
of protamine sulfate ( e.g. , 10-30 mg / mL ) [ 24 ] induce dam 
age to the bladder epithelium in animals that mimics the 
damage to urothelium in interstitial cystitis patients . How 
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approaches are hindered by side effects such as immunoge 
nicity and toxicity , whereas nonviral delivery systems have 
limited transfection efficiency and biodegradability issues 
[ 33 ] . Protamine and ODN can be simply mixed together and 
rapidly delivered , without cumbersome steps attendant to 
many other types of vectors such as liposomes and polymers 
or other tools of nanotechnology . The formulation is par 
ticularly well suited for localized use , particularly intravesi 
cal instillation in the safe dose range for delivery of thera 
peutic ODN against NGF in treatment of interstitial cystitis , 
overactive bladder . 
[ 0064 ] Conclusions : Protamine is an effective carrier for 
delivering therapeutic ODN to bladder . It non - covalently 
binds to form a liquid complex for easy instillation into 
bladder . 
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SEQUENCE LISTING 

< 160 > NUMBER OF SEQ ID NOS : 10 

< 210 > SEQ ID NO 1 
< 211 > LENGTH : 51 
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- continued 

< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 1 

Met Ala Arg Tyr Arg Cys Cys Arg Ser Gin Ser Arg Ser Arg Tyr Tyr 
1 5 10 15 

Arg Gin Arg Gin Arg Ser Arg Arg Arg Arg Arg Arg Ser Cys Gin Thr 
20 25 30 

Arg Arg Arg Ala Met Arg Cys Cys Arg Pro Arg Tyr Arg Pro Arg Cys 
35 40 45 

Arg Arg His 
50 

< 210 > SEQ ID NO 2 
< 211 > LENGTH : 102 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 2 

Met Val Arg Tyr Arg Val Arg Ser Leu Ser Glu Arg Ser His Glu Val 
1 5 10 15 

Tyr Arg Gln Gln Leu His Gly Gin Glu Gln Gly His His Gly Gin Glu 
20 25 30 

Glu Gin Gly Leu Ser Pro Glu His Val Glu Val Tyr Glu Arg Thr His 
35 40 45 

Gly Gin Ser His Tyr Arg Arg Arg His Cys Ser Arg Arg Arg Leu His 
50 55 60 

Arg Ile His Arg Arg Gln His Arg Ser Cys Arg Arg Arg Lys Arg Arg 
65 70 75 80 

Ser Cys Arg His Arg Arg Arg His Arg Arg Gly Cys Arg Thr Arg Lys 
85 90 95 

Arg Thr Cys Arg Arg His 
100 

< 210 > SEQ ID NO 3 
< 211 > LENGTH : 32 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Oryzias latipes 

< 400 > SEQUENCE : 3 

Met Arg Arg Gin Ala Ser Leu Pro Ala Arg Arg Arg Arg Arg Val Arg 
1 5 10 15 

Arg Thr Arg Val Val Arg Arg Arg Arg Arg Val Gly Arg Arg Arg His 
20 25 30 

< 210 > SEQ ID NO 4 
< 211 > LENGTH : 32 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 4 

Pro Arg Arg Arg Arg Arg Ser Ser Ser Arg Pro Ile Arg Arg Arg Arg 
15 1 5 10 

Arg Pro Arg Ala Ser Arg Arg Arg Arg Arg Gly Gly Arg Arg Arg Arg 
20 25 30 
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- continued 

< 210 > SEQ ID NO 5 
< 211 > LENGTH : 31 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 5 

Pro Arg Arg Arg Arg Ser Ser Arg Arg Pro Val Arg Arg Arg Arg Arg 
1 5 10 15 

Pro Arg Val Ser Arg Arg Arg Arg Arg Gly Gly Arg Arg Arg Arg 
20 25 30 

< 210 > SEQ ID NO 6 
< 211 > LENGTH : 31 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 6 

Pro Arg Arg Arg Arg Ser Ser Ser Arg Pro Val Arg Arg Arg Arg Arg 
1 5 10 15 

Pro Arg Val Ser Arg Arg Arg Arg Arg Gly Gly Arg Arg Arg Arg 
20 25 30 

< 210 > SEQ ID NO 7 
< 211 > LENGTH : 30 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

polypeptide 

< 400 > SEQUENCE : 7 

Pro Arg Arg Arg Arg Ala Ser Arg Arg Ile Arg Arg Arg Arg Arg Pro 
1 5 10 15 

Arg Val Ser Arg Arg Arg Arg Arg Gly Gly Arg Arg Arg Arg 
20 25 30 

< 210 > SEQ ID NO 8 
< 211 > LENGTH : 8 
< 212 > TYPE : PRT 
< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 

peptide 
< 220 > FEATURE : 
< 221 > NAME / KEY : MOD_RES 
< 222 > LOCATION : ( 4 ) .. ( 5 ) 
< 223 > OTHER INFORMATION : Gly , Val or Ala 
< 220 > FEATURE : 
< 223 > OTHER INFORMATION : See specification as filed for detailed 

description of substitutions and preferred embodiments 

< 400 > SEQUENCE : 8 

Arg Arg Arg Xaa Xaa Arg Arg Arg 
1 5 

< 210 > SEQ ID NO 9 
< 211 > LENGTH : 1029 
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< 212 > TYPE : DNA 

< 213 > ORGANISM : Homo sapiens 

< 400 > SEQUENCE : 9 

tctgctttta ataagcttcc caatcagctc tcgagtgcaa agcgctctcc ctccctcgcc 60 

cagccttcgt cctcctggcc cgctcctctc atccctccca ttctccattt cccttccgtt 120 

ccctccctgt cagggcgtaa ttgagtcaaa ggcaggatca ggttccccgc cttccagtcc 180 

aaaaatcccg ccaagagagc cccagagcag aggaaaatcc aaagtggaga gaggggaaga 240 

aagagaccag tgagtcatcc gtccagaagg cggggagagc agcagcggcc caagcaggag 300 

ctgcagcgag ccgggtacct ggactcagcg gtagcaacct cgccccttgc aacaaaggca 360 

gactgagcgc cagagaggac gtttccaact caaaaatgca ggctcaacag taccagcago 420 

agcgtcgaaa atttgcagct gccttcttgg cattcatttt catactggca gctgtggata 480 

ctgctgaagc agggaagaaa gagaaaccag aaaaaaaagt gaagaagtct gactgtggag 540 

aatggcagtg gagtgtgtgt gtgcccacca gtggagactg tgggctgggc acacgggagg 600 

gcactcggac tggagctgag tgcaagcaaaccatgaagac ccagagatgt aagatcccct 660 

gcaactggaa gaagcaattt ggcgcggagt gcaaatacca gttccaggcc tggggagaat 720 

gtgacctgaa cacagccctg aagaccagaa ctggaagtct gaagcgagcc ctgcacaatg 780 

ccgaatgcca gaagactgtc accatctcca agccctgtgg caaactgacc aagcccaaac 840 

ctcaagcaga atotaagaag aagaaaaagg aaggcaagaa acaggagaag atgctggatt 900 

aaaagatgtc acctgtggaa cataaaaagg acatcagcaa acaggatcag ttaactattg 960 

catttatatg taccgtaggc tttgtattca aaaattatct atagctaagt acacaataag 1020 

????????? 1029 

< 210 > SEQ ID NO 10 
< 211 > LENGTH : 18 

< 212 > TYPE : DNA 

< 213 > ORGANISM : Artificial Sequence 
< 220 > FEATURE : 

< 223 > OTHER INFORMATION : Description of Artificial Sequence : Synthetic 
oligonucleotide 

< 400 > SEQUENCE : 10 

gcccgagacg cctcccga 18 
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- continued 
( SEQ ID NO : 3 ) 

MRRQASLPAR RRRRVRRTRV VRRRRRVGRR RH ; 

( SEQ ID NO : 4 ) 
PRRRRRSSSR PIRRRRRPRAS RRRRRGGRRR R ; 

( SEQ ID NO : 5 ) 
PRRRRSSRRP VRRRRRPRVSR RRRRGGRRRR ; 

( SEQ ID NO : 6 ) 
PRRRRSSSRP VRRRRRPRVSR RRRRGGRRRR ; 

( SEQ ID NO : 7 ) 

What is claimed : 
1. A method of treating a subject with overactive bladder , 

comprising administering into the bladder of the subject an 
effective amount of an antisense oligonucleotide directed 
against nerve growth factor in combination with protamine 
in an amount that promotes the uptake of the antisense 
oligonucleotide into bladder cells , wherein the antisense 
oligonucleotide and the protamine form a non - covalent 
attachment , and wherein the mass ratio of protamine to 
antisense oligonucleotide directed against nerve growth fac 
tor is 5 : 1 to 15 : 1 respectively . 

2. The method of claim 1 which is a method of treating a 
subject with overactive bladder , comprising administering 
into the bladder of the subject a therapeutic amount of the 
antisense oligonucleotide toward nerve growth factor in 
combination with protamine in an amount that promotes the 
uptake of the antisense oligonucleotide into bladder cells to 
reduce the level of nerve growth factor and reduce the 
frequency of urination and / or feeling of urgency to urinate . 

3. The method of claim 1 , where the oligonucleotide 
inhibits expression of nerve growth factor . 

4. The method of any of the claim 1 , where the protamine 
comprises one or more of the following sequences : 

PRRRRASRRI RRRRRPRVSR RRRRGGRRRR ; 

and / or 
a peptide comprising the sequence RRRX1 X2 RRR 

where X1 or X2 or both is / are G or V or A ( SEQ ID 
NO : 8 ) . 

5. The method of claim 1 , where the mass ratio of 
protamine to antisense oligonucleotide directed against 
nerve growth factor is 10 : 1 respectively . 

6. The method of claim 1 , where the mass ratio of 
protamine to antisense oligonucleotide directed against 
nerve growth factor is 5 : 1 respectively . 

7. The method of claim 1 , comprising the antisense 
oligonucleotide directed against nerve growth factor in a 
concentration range between 2 to 20 uM . 

8. The method of claim 1 , comprising protamine in a 
concentration range between 20 to 200 uM . 

9. The method of claim 1 , comprising the antisense 
oligonucleotide directed against nerve growth factor in a 
concentration range between 2 to 20 uM and protamine in a 
concentration range between 20 to 200 uM . 

10. The method of claim 1 , where the antisense oligo 
nucleotide directed against nerve growth factor encoded by 
a mRNA having a corresponding cDNA sequence as fol 
lows : 

( SEQ ID NO : 1 ) 
MARYRCCRSQ SRSRYYRQRQ RSRRRRRRSC QTRRRAMRCC 

RPRYRPRCRR H ; 

( SEQ ID NO : 2 ) 
MVRYRVRSLS ERSHEVYROQ LHGQEQGHHG QEEQGLSPEH 

VEVYERTHGQ SHYRRRHCSR RRLHRIHRRO HRSCRRRKRR 

SCRHRRRHRR GCRTRKRTCR RH ; 

[ SEQ ID NO : 9 ] 
1 tctgctttta ataagcttcc caatcagctc tcgagtgcaa agcgctctcc ctccctcgcc 

61 cagccttcgt cctcctggcc cgctcctctc atccctccca ttctccattt cccttccgtt 
121 ccctccctgt cagggcgtaa ttgagtcaaa ggcaggatca ggttccccgc cttccagtcc 

181 aaaaatcccg ccaagagagc cccagagcag aggaaaatcc aaagtggaga gaggggaaga 

241 aagagaccag tgagtcatcc gtccagaagg cggggagagc agcagcggcc caagcaggag 

301 ctgcagcgag ccgggtacct ggactcagcg gtagcaacct cgccccctgc aacaaaggca 

361 gactgagcgc cagagaggac gtttccaact caaaaatgca ggctcaacag taccagcago 

421 agcgtcgaaa atttgcagct gccttcttgg cattcatttt catactggca gctgtggata 

481 ctgctgaagc agggaagaaa gagaaaccag aaaaaaaagt gaagaagtct gactgtggag 

541 aatggcagtg gagtgtgtgt gtgcccacca gtggagactg tgggctgggc acacgggagg 

601 gcactcggac tggagctgag tgcaagcaaa ccatgaagac ccagagatgt aagatcccct 

661 gcaactggaa gaagcaattt ggcgcggagt gcaaatacca gttccaggcc tggggagaat 

721 gtgacctgaa cacagccctg aagaccagaa ctggaagtct gaagcgagcc ctgcacaatg 

781 CO jaatgoca gaagactgtc accatctcca agccctgtgg caaa aagcccaaac 

841 ctcaagcaga atctaagaag aagaaaaagg aaggcaagaa acaggagaag atgctggatt 

901 aaaagatgtc acctgtggaa cataaaaagg acatcagcaa acaggatcag ttaactattg 



US 2021/0052734 A1 Feb. 25 , 2021 
13 

- continued 

961 catttatatg taccgtaggc tttgtattca aaaattatct atagctaagt acacaataag 

1021 caaaaacaa 

11. The method of claim 1 , where the antisense oligo 
nucleotide directed against nerve growth factor comprises 
the following sequence : GCCCGAGACGCCTCCCGA 
( SEQ ID NO : 10 ) . 


