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FIGURE 18 
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FIGURE 20 
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FIGURE 31 
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FIGURE 35 
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FIGURE 36 
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FIGURE 41 
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FIGURE 43 
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FIGURE 45 
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FIGURE 47 
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FIGURE 49 

Body Weights 

28 : 
23 

Weight ( g ) 

18 

13 
VEH 
G - CNP37 
CNP - 27PEO12 

8 

- 2 3 8 13 23 28 

Time ( days ) 

FIGURE 50 

Tail Lengths 

OVEH 

G - CNP37 
9 

2 CNP27 - PEO12 

Length ( cm ) 

6 

5 

4 

1 8 15 22 29 36 

Time ( days ) 



U.S. Patent Oct. 20 , 2020 Sheet 38 of 61 US RE48,267 E 9 

FIGURE 51 
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FIGURE 53 
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FIGURE 54 
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FIGURE 55 
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FIGURE 57 
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FIGURE 59 

CGMP response after 15 - min post - dose from 
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FIGURE 61 
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CGMP response 15 - min post - dose from CNP variant exposure 

T 

VE 

40 pmol / mL o ô 8 8 8 8 8 

1 

Vehicle G - CNP37 CNP27 - PEO12 



U.S. Patent Oct. 20 , 2020 Sheet 45 of 61 US RE48,267 E 9 

FIGURE 63 
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FIGURE 65 
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FIGURE 66 
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FIGURE 67 
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FIGURE 68 
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FIGURE 69 
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FIGURE 70 
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FIGURE 71 
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FIGURE 72 
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FIGURE 73 
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FIGURE 74 
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FIGURE 75 
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FIGURE 76 
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FIGURE 77 
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FIGURE 78 

Increase in Right Tibia Length from Pre - study Value A. 
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FIGURE 80 
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FIGURE 82 
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VARIANTS OF C - TYPE NATRIURETIC In humans , CNP is initially produced from the natriuretic 
PEPTIDE peptide precursor C ( NPPC ) gene as a single chain 126 

amino acid pre - pro polypeptide ( Biochem . Biophys . Res . 
Commun . , 168 : 863-870 ( 1990 ) ) . Removal of the signal 

Matter enclosed in heavy brackets [ ] appears in the 5 peptide yields pro - CNP , and further cleavage by the endo 
original patent but forms no part of this reissue specifica protease furin generates an active 53 - amino acid peptide 
tion ; matter printed in italics indicates the additions ( CNP - 53 ) , which is secreted and cleaved again by an 
made by reissue ; a claim printed with strikethrough unknown enzyme to produce the mature 22 - amino acid 
indicates that the claim was canceled , disclaimed , or held peptide ( CNP - 22 ) ( Wu , J. Biol . Chem . 278 : 25847-852 
invalid by a prior post - patent action or proceeding . 10 ( 2003 ) ) . CNP - 53 and CNP - 22 differ in their distribution , 

with CNP - 53 predominating in tissues , while CNP - 22 is 
CROSS - REFERENCE TO RELATED mainly found in plasma and cerebrospinal fluid ( J. Alfonzo , 

APPLICATIONS Recept . Signal . Transduct . Res . , 26 : 269-297 ( 2006 ) ) . The 
predominant CNP form in cartilage is unknown . Both CNP 

[ The present application ] This application is a continua- 15 53 and CNP - 22 bind similarly to NPR - B . Furthermore , they 
tion reissue of Reissue application Ser . No. 14 / 604,262 , both induce cGMP production in a dose - dependent and 
which is an application for reissue of U.S. Pat . No. 8,598 , similar fashion ( V T Yeung , Peptides , 17 : 101-106 ( 1996 ) ) . 
121 , issued Dec. 3 , 2013 , which is a continuation of U.S. Natural CNP gene and polypeptide have been previously 

described . U.S. Pat . No. 5,352,770 discloses isolated and patent application Ser . No. 12 / 784,117 , now U.S. Pat . No. 20 purified CNP - 22 from porcine brain identical in sequence to 8,198,242 , issued Jun . 12 , 2012 , which claims the priority human CNP and its use in treating cardiovascular indica and benefit of U.S. Provisional Application No. 61 / 254,563 , tions . U.S. Pat . No. 6,034,231 discloses the human gene and filed on Oct. 23 , 2009 , and U.S. Provisional Application No. polypeptide of proCNP ( 126 amino acids ) and the human 61 / 180,112 , filed on May 20 , 2009 , the disclosure of each of CNP - 53 gene and polypeptide . which is incorporated herein by reference in its entirety . Clearance of CNP from the extracellular space occurs 
through the action of membrane - bound neutral endopepti FIELD OF THE DISCLOSURE dase ( NEP ) , which rapidly degrades CNP ( Biochem . J. , 291 
( Pt 1 ) : 83-88 ( 1993 ) ) , and through NPR - C , which binds to 

The field of the disclosure relates , in general , to variants and deposits CNP into lysosomes , where CNP is degraded . 
of C - type natriuretic peptide ( CNP ) , compositions compris- 30 CNP has been shown to have an in vivo half - life of 2.6 min 
ing CNP variants , methods of making CNP variants , and in the normal human ( J. Clin . Endocrinol . Metab . , 78 : 
methods of using CNP variants to treat disorders responsive 1428-35 ( 1994 ) ) . The low plasma concentration of CNP ( I. 
to CNP , including but not limited to bone - related disorders Bone Moner . Res . , 19 ( Suppl . 1 ) S20 ( 2004 ) ) and its 
such as skeletal dysplasias ( e.g. , achondroplasia ) and vas co - expression with NPR - B in a number of tissues suggests 
cular smooth muscle disorders . 35 that CNP functions primarily through an autocrine / paracrine 

mechanism . 
BACKGROUND OF THE DISCLOSURE As stated above , CNP binds to and activates natriuretic 

peptide receptor B ( NPR - B ) , also termed guanylyl cyclase B 
The natriuretic peptide family consists of three structur ( GC - B ) , resulting in higher intracellular cyclic guanosine 

ally related peptides : atrial natriuretic peptide ( ANP ) ( Gen- 40 monophosphate ( cGMP ) levels . Downstream signaling 
bank Accession No. NP_006163 , for the ANP precursor mediated by cGMP generation influences a diverse array of 
protein , NPPA ) , brain natriuretic peptide ( BNP ) ( GenBank biological processes that include endochondral ossification . 
Accession No. NP_002512 , for the BNP precursor protein , Accordingly , elevated or depressed levels of any of the 
NPPB ) , and C - type natriuretic peptide ( CNP ) ( Biochem . components in this pathway may lead to aberrant bone 
Biophys . Res . Commun . , 168 : 863-870 ( 1990 ) ( GenBank 45 growth . For example , knockout of either CNP or NPR - B in 
Accession No. NP_077720 , for the CNP precursor protein , mouse models results in animals having a dwarfed pheno 
NPPC ) ( J. Hypertens . , 10 : 907-912 ( 1992 ) ) . These small , type with shorter long bones and vertebrae . Mutations in 
single chain peptides ( ANP , BNP , CNP ) have a 17 - amino human NPR - B that block proper CNP signaling have been 
acid loop structure ( Levin et al . , N. Engl . J. Med . , 339 : identified and result in dwarfism ( Olney , et al . , J. Clin . 
863-870 ( 1998 ) ) and have important roles in multiple bio- 50 Endocrinol . Metab . 91 ( 4 ) : 1229-1232 ( 2006 ) ; Bartels , et al . , 
logical processes . ANP and BNP bind to and activate the Am . J. Hum . Genet . 75 : 27-34 ( 2004 ) ) . In contrast , mice 
natriuretic peptide receptor A ( NPR - A ) , also termed guana engineered to produce elevated levels of CNP display elon 
lyl cyclase A ( GC - A ) , resulting in higher intracellular cyclic gated long bones and vertebrae . 
guanosine monophosphate ( cGMP ) levels . Likewise , CNP Achondroplasia is a result of an autosomal dominant 
interacts with NPR - B ( GC - B ) to stimulate the generation of 55 mutation in the gene for fibroblast growth factor receptor 3 
CGMP ( J. Hypertens . , 10 : 1111-1114 ( 1992 ) ) . A third type of ( FGFR - 3 ) , which causes an abnormality of cartilage forma 
receptor , NPR - C , binds each of the natriuretic peptides with tion . FGFR - 3 normally has a negative regulatory effect on 
high affinity and functions primarily to capture the peptides chondrocyte growth , and hence bone growth . In achondro 
from the extracellular compartment and deposit the peptides plasia , the mutated form of FGFR - 3 is constitutively active , 
into lysosomes , where they are degraded ( Science , 238 : 60 which leads to severely shortened bones . Both chondrocyte 
675-678 ( 1987 ) ) . ANP and BNP are produced primarily proliferation and differentiation appear to be disturbed , 
within the muscle cells of the heart , and are believed to have leading to remarkably short growth plate cartilage ( P. Krejci 
important roles in cardiovascular homeostasis ( Science , 252 : et al . , J. Cell Sci . 118 : 5089-5100 ( 2005 ) ) . Endochondral 
120-123 ( 1991 ) ) . CNP is expressed more widely , including ossification is the process that governs longitudinal long 
in the central nervous system , reproductive tract , bone and 65 bone growth . There are four zones of the growth plate 
endothelium of blood vessels ( Hypertension , 49 : 419-426 resting , proliferative , hypertrophic and zone of calcification . 
( 2007 ) ) . In the growth plate , NPR - B is expressed by proliferative 
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cells while NPR - C is expressed by hypertrophic cells ( Ya the size of a bone growth plate in abnormal bone and 
mashite et al . , J. Biochem . 127 : 177-179 ( 2000 ) ) . In normal elongation of an abnormal bone . However , no significant 
endochondral bone growth , chondrocytes organize in col gains in activity as measured by cGMP production were 
umns and proliferate in the proliferative zone of the growth obtained for these variants , and activity was diminished for 
plate . These columns are disorganized in achondroplasia 5 nearly all of the variants , as observed in an in vitro cell 
patients . Additionally , the hypertrophic zone is where the based method ( Example 7 ) . Further no supportive data , such 
cells become large and eventually apoptose ( lyse ) , leading to as for example in vitro stability or in vivo determination of 
osteocyte invasion and mineralization . The hypertrophic improved pharmacokinetics ( PK ) were provided to substan chondrocytes and the overall size of the zone are much tiate the asserted NEP resistance and NPR - C resistance of 
smaller in achondroplasia patients than in normal patients . 10 the CNP analogs . U.S. Pat . No. 6,743,425 discloses sub 
CNP is an agonist for NPR - B , a positive regulator of stances for treating achondroplasia which activate NPR - B / chondrocyte and bone growth . Downstream signaling of GC - B and are peptides or low molecular weight compounds , 
CNP / NPR - B inhibits the FGFR - 3 pathway at the level of including the C - type natriuretic peptides CNP - 22 and CNP mitogen - activated protein kinase ( MAP K ) . Inhibition at 53. PCT Publication No. WO 94/20534 discloses a chimera MAP K promotes proliferation and differentiation of the 15 of CNP - 22 and the 5 - amino acid C - terminus ofANP desig chondrocytes in the proliferative and hypertrophic zones of nated as the vasonatrin peptide ( VNP ) , a limited number of the growth plate , resulting in bone growth . amino acid substitutions and cyclic chimeric peptides that 

In humans activating mutations of FGFR - 3 are the pri result from formation of a disulfide or double bond . 
mary cause of genetic dwarfism . Mice having activated Approaches for improving the half - life of other natriuretic 
FGFR - 3 serve as a model of achondroplasia , the most 20 peptide family members include decreasing the affinity of 
common form of the skeletal dysplasias , and overexpression ANP for NPR - C ( U.S. Pat . No. 5,846,932 ) , utilizing penta 
of CNP rescues these animals from dwarfism . Accordingly , peptide antagonists of NPR - C ( WO 00/61631 ) , and co CNP and functional variants of CNP are potential therapeu administering NEP inhibitors such as thiorphan and candox tics for treatment of the various skeletal dysplasias . atril ( Clin . Exp . Pharma . Physiol . , 25 : 986-991 ( 1997 ) , 

Therapeutic use of CNP is currently limited by its short 25 Hyperten . , 30 : 184-190 ( 1997 ) ) . WO 2004/047871 describes plasma half - life , which has been shown to be 2.6 minutes in conjugates of BNP and BNP variants to polyalkylene glycol 
vivo in humans ( J. Clin . Endocrinol . Metab . , 78 : 1428-35 moieties , sugar moieties , polysorbate moieties , polycationic ( 1994 ) ) . To increase CNP concentration above intrinsic moieties , and other hydrophilic polymer moieties that levels ( about 5 PM ) typically found in human plasma , reportedly exhibit improved half - life in circulation and 
continuous infusion has been necessary in all human and 30 reportedly are useful for the treatment of acute congestive animal studies using systemically administered CNP . A CNP heart failure . 
variant having a longer in vivo serum half - life and exhibit There have been no published reports , however , on a ing similar or improved activity to that of wild - type CNP is successful strategy for making CNP resistant to NEP while important for a sustainable therapeutic strategy . Two mecha retaining its functionality . 
nisms by which the half - life of CNP is reduced in human 35 
plasma are degradation by neutral endopeptidase ( NEP ) and SUMMARY OF THE DISCLOSURE 
clearance by natriuretic peptide receptor C ( NPR - C ) ( Growth 
Horm . & IGF Res . , 16 : S6 - S14 ( 2006 ) ) . Modifications of The present disclosure relates to variants of C - type natri 
peptides reportedly can improve resistance to endopeptidase uretic peptide ( CNP ) which are useful in the treatment of 
and exopeptidase cleavage ( Amino Acids , 30 : 351-367 40 bone - related disorders ( e.g. , achondroplasia ) and vascular 
( 2006 ) ; Curr . Opin . Biotech . , 17 : 638-642 ( 2006 ) ) . smooth muscle disorders . The disclosure encompasses CNP 
The biological activities of various analogs and deriva variants having increased serum half - life , e.g. as a result of 

tives of CNP have been evaluated . By substituting S - methyl reduced ability to bind to neutral endopeptidase ( NEP ) , 
Cys in place of both Cys , and Cys22 , cyclization of the greater resistance to proteolysis by NEP and / or reduced 
peptide via a Cys6 - Cys22 disulfide linkage was reportedly 45 affinity to the clearance natriuretic peptide receptor C ( NPR 
shown to be important for the activity of CNP in stimulating C ) , while retaining the functionality of CNP . 
CGMP formation ( Biochem . Biophys . Res . Comm . , 183 : The wild - type sequence of human CNP - 22 ( referred to 
964-969 ( 1992 ) , also using alanine scanning to identify herein as “ hCNP22 ” , “ wtCNP22 ” or “ CNP22 ” ) is set forth 
amino acids important for CNP functionality ) . A significant below : 
additional enhancement of activity reportedly results from 50 
the combined presence of the amino acids Leu ,, Ly $ 10 , and 
Leu¡1 . U.S. Pat . No. 5,434,133 describes CNP analogs ( SEQ ID NO : 1 ) 
comprising CNP - 22 with substitutions at amino acid posi ( N - termi Gly? - Leuz - Ser 3 - Ly S4 - Glys - Cys6 - Phez 
tion 6 , 7 , 9 , 11 , or 22 , wherein the amino acid is selected Glys - Leug - Lys 10 - Leu 11 - Asp12 - Arg13 - Ile14 - Gly15 

Ser 16 - Met 17 - Ser 18 - Gly19 - Leu20 - Gly21 - Cys22 . from Cys or Pmp ( pentacyclomercaptopropionic acid ) at 55 
position 6 , Phe , 4 - chloro - Phe , 4 - fluoro - Phe , 4 - nitro - Phe , or Positions 6 to 22 of CNP22 form a cyclic domain by means 
Cha ( 3 - cyclohexyl - Ala ) at position 7 , Gly , Val , Aib , or tLeu of a disulfide bond between Cys6 and Cys22 . The 17 - amino 
at position 9 , Leu or Ile at position 11 , and Cys or Pmp at acid cyclic structure has been shown to be important for 
position 22 . binding of CNP to NPR - B ( Schiller , Biochem . Biophys . Res . 

U.S. Patent Publication No. 2004/0138134 ( now U.S. Pat . 60 Commun . , 138 : 880-886 ( 1986 ) ) . The amino acid sequence 
No. 7,276,481 ) describes CNP variants comprising amino of positions 6 to 22 of CNP22 is referred to herein as 
acids Cysg to Cys22 of CNP - 22 ( “ CNP - 17 ” ) which include at “ CNP17 ” ( SEQ ID NO : 2 ) . 
least one substitution for another natural amino acid at CNP is susceptible to NEP cleavage at a number of sites : 
position 9 , 10 , 11 , 16 , 17 , 19 , or 20 , CNP variants with Cys - Phe7 , Gly8 - Leu9 , Lys10 - Leull , Arg13 - Ile14 , Ser16 
insertions and deletions , such as addition of a His residue at 65 Met17 and Gly19 - Leu20 . In one embodiment , the disclosure 
the reported primary site of NEP cleavage , between Cys . encompasses a CNP variant that is ( 1 ) modified to increase 
and Phez , and methods of using such variants for increasing its overall size or molecular weight , e.g. , to a range from 
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about 2.6 kDa or 2.8 kDa to about 4 kDa , 4.2 kDa , 4.4 kDa , one embodiment , the covalent bond is formed between the 
4.6 kDa , 4.8 kDa , 5 kDa , 5.2 kDa , 5.4 kDa , 5.6 kDa , 5.8 side chains of the two terminal amino acids or the amino 
kDa , 6 kDa , 6.2 kDa , 6.4 kDa , or to about 7 kDa , 7.2 kDa acids at positions corresponding to 6 and 22 of CNP22 . In 
or about 8.2 kDa , and / or ( 2 ) modified at certain amino acid another embodiment , the covalent bond is formed between 
positions to reduce its susceptibility to NEP cleavage at 1 , 2 , 5 the side chain of one terminal amino acid and the terminal 
3 , 4 , 5 or all 6 of the sites listed above . The size or molecular group of the other terminal amino acid , or between the 
weight of the CNP variant can be increased by various terminal groups of each terminal amino acid . For example , 
means , e.g. , by conjugating additional amino acids and / or head - to - tail , side chain - to - side chain , side chain - to - head , or 
other kinds of chemical ( e.g. , natural or synthetic polymeric ) side chain - to - tail bonds are possible for the covalent bond 
groups to the peptide sequence at , e.g. , the N - terminus , the 10 formed between the terminal amino acids or between the 
C - terminus and / or side chain ( s ) , and / or by using natural amino acids at positions corresponding to 6 and 22 of 
amino acids , unnatural amino acids , and / or peptidomimetics CNP22 . 
with bulkier side chains . The CNP variant is optionally In one embodiment , the disclosure provides a CNP variant 
further conjugated to other functional or structural moieties . having reduced affinity to NEP , and / or greater resistance to 
Optionally in combination with any of the embodiments 15 cleavage by NEP and / or increased in vivo serum half - life , 
described herein , mutation ( s ) ( e.g. , substitution ( s ) , while retaining functionality of CNP ( e.g. , stimulation of 
addition ( s ) , and / or deletion ( s ) ) may be introduced to certain CGMP production ) . NEP preferably recognizes substrates 
position ( s ) of CNP22 to reduce the CNP variants ' affinity to smaller than about 3 kDa , due to the limited size of its active 
NPR - C . Further modifications may be made without affect site cavity ( Oefner , J. Mol . Biol . , 296 : 341-349 ( 2000 ) ) . In 
ing NEP resistance or CNP activity , e.g. , conservative sub- 20 an embodiment , the CNP variants are modified to increase 
stitutions , or other modifications known in the art . their overall molecular weight to a range from about 2.6 or 

In one embodiment , the CNP variant is represented by the 2.8 kDa to about 4 , 4.6 , 5 , 5.2 , 5.8 , 6 , 6.4 or 7 kDa , e.g. , by 
general formula : ( x ) -Gly , -Leu - Serz - Lys -Gly - Cys -Phe , adding about 0.6 to about 5 kDa of amino acids , hydrophilic 
Glyg - Leu , -Lys 10 - Leu , 1 - Asp 12 - Arg13 - Ile 4 - Gly15 - Ser16 or water - soluble polymers , hydrophobic acids ( including 
Met 7 - Ser 18 - Gly 19 - Leu20 - Gly21 - Cys22- ( z ) ( SEQ ID NO : 5 ) , 25 fatty acids ) , and / or carbohydrates . In specific exemplary 
wherein : embodiments , the CNP variants have a molecular weight 

the CNP variant comprises one or more modified amino between about 2.6 kDa and about 7 kDa , or between about 
acids , which may result in modified peptide bonds ( e.g. , 2.8 kDa and 6 kDa , or between about 2.8 kDa and about 5.8 
through use of peptide bond isosteres ) , at a position corre kDa . In certain embodiments , at least about 0.6 , 0.8 , 1 , 1.2 , 
sponding to one or more of the following CNP residues : 30 1.4 , 1.6 or 1.8 kDa , or up to 2 , 2.2 , 2.4 , 2.6 , 2.8 , 3 , 3.2 , 3.4 , 
Gly1 , Lys4 , Gly5 , Cys , Phe7 , Gly8 , Leu9 , Lys10 , Leull , 3.6 , 3.8 , 4 , 4.2 , 4.4 , 4.6 , 4.8 or 5 kDa are added , to increase 
Ile14 , Gly15 , Ser16 , Met17 , Gly19 , Leu20 and Gly21 ; and the total molecular weight of the CNP variant , e.g. , to a 

( x ) and ( 2 ) independently may be absent or may be an range from about 2.6 or 2.8 kDa up about 4 kDa , 4.2 kDa , 
amino acid sequence derived from a natriuretic polypeptide 4.4 kDa , 4.6 kDa , 4.8 kDa , 5 kDa , 5.2 kDa , 5.4 kDa , 5.6 
( e.g. , NPPC , ANP , BNP ) or a non - natriuretic polypeptide 35 kDa , 5.8 kDa , 6 kDa , 6.2 kDa , 7.2 kDa , 8.2 kDa or higher . 
( e.g. , human serum albumin ( HSA ) , IgG , etc. ) . In some embodiments , such CNP variants comprise an 

In an embodiment , the CNP variant includes : ( 1 ) a modi amino acid sequence at least about 70 % , 75 % . 80 % , 85 % , 
fication at an amino acid position corresponding to one of 90 % , or 95 % identical or homologous to amino acids 6-22 
positions 6 , 7 or 8 ( Cys6 , Phe7 or Gly8 ) of CNP22 , ( 2 ) of CNP22 . In other embodiments , such CNP variants com 
optionally deletion , addition and / or substitution of any or all 40 prise a substitution , insertion or deletion of 1 , 2 , 3 , 4 , 5 , 6 or 
of the amino acids at positions 1-5 ( Gly1 , Leu2 , Ser3 , Lys4 , 7 amino acids with another natural or unnatural amino acid 
and Gly5 ) and ( 3 ) optionally up to 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 or or peptidomimetic . While both conservative and non - con 
10 further modifications ( deletions , additions and / or substi servative substitutions or insertions are envisioned at any 
tutions ) at positions corresponding to positions 6-22 , of position , introduction of modifications may commence , e.g. , 
which 1 , 2 , 3 , 4 , 5 , 6 , 7 , 8 , 9 or 10 may be conservative 45 by conservative substitutions in regions that have been 
substitutions or other substitutions described herein or identified in the art as involved in CNP activity or NPR - B 
known in the art . binding , while non - conservative substitutions may be made 

It is understood that a reference to a particular amino acid in those regions that have been previously shown to be 
position by number ( e.g. position 7 of CNP22 ) refers to the tolerant of modification . 
corresponding amino acid position in any CNP variant , even 50 In another embodiment , the CNP variants comprise a 
if the number of the position in that CNP variant has changed CNP having an intact cyclized portion between Cys6 and 
due to preceding insertions or deletions . For example , a Cys22 , and N - terminal and / or C - terminal tails that contain 
reference to “ position 7 ” or “ Phe7 ” would mean the corre about 1-40 , 1-20 , 5-40 , 5-35 , 10-35 , 15-35 , 5-31 , 10-31 , or 
sponding position 2 for a CNP variant in which the first five 15-31 amino acids and are fragments derived from a CNP 
amino acids had been deleted . Similarly , a reference to 55 polypeptide and / or a non - CNP polypeptide . In an embodi 
" position 7 ” would mean the corresponding position 8 for a ment , such CNP variants have a molecular weight in a range 
CNP variant in which one amino acid had been added to the from about 2.8 kDa to about 4 , 4.6 , 5 , 5.2 , 5.8 , 6 , 6.4 or 7 
N - terminus . kDa . Non - limiting examples of such CNP variants include 

In any of the embodiments described herein , the CNP wild - type CNP22 or CNP22 with one or more amino acid 
variant may be cyclized through a covalent bond between 60 substitutions ( e.g. , a K4R substitution ) , having an N - termi 
positions corresponding to 6 and 22 of CNP22 . It is con nal and / or C - terminal extension derived from natriuretic 
templated that the covalent bond is formed using any peptide precursor sequences ( e.g. , ANP , BNP or CNP ) from 
methods known in the art . In another embodiment , the CNP human or other species , a natriuretic peptide precursor C 
variant may be cyclized through a covalent bond formed ( NPPC ) variant with amino acid substitutions , additions 
between an amino acid at or toward the N - terminus and an 65 and / or deletions ( e.g. , the CNP variants may be truncations 
amino acid at or toward the C - terminus ( referred to as of CNP - 53 which result in peptides with a molecular weight 
" terminal ” amino acids for this purpose ) of the peptide . In between about 2.8 kDa and 5.8 kDa ) , or other non - CNP 
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polypeptides such as , e.g. , serum albumin or IgG protein - continued 
( e.g. , the CNP variants may be CNP chimeras containing ( SEQ ID NO : 15 ) 

Gly - Ala - Asn - Arg - Ser , fragments of serum albumin or IgG from human or other 
species ) . ( SEQ ID NO : 16 ) 

In one embodiment , CNP variants having a total mass Ala - Ala - Trp - Ala - Arg - Leu - Leu - Gln - Glu - His - Pro - Asn 
characterized by the ranges described generally herein , e.g. , 
from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa , designed ( SEQ ID NO : 17 ) 
for increased resistance to NEP degradation , are represented Ala - Ala - Trp - Ala - Arg - Leu - Leu - Gln - Glu - His - Pro - Asn 

Ala - Arg , by the general formula : 
( x ) -Gly , -Leu - Serz- ( b ) .- Glys - Cys -Phez - Gly : -Leu , - ( h ) 10 ( SEQ ID NO : 18 ) 

Leu 1 - Aspiz - Arg13 - Ile 4 - Gly15 - Ser 16 - Met 7 - Ser78 - Gly 19 Asp - Leu - Arg - Val - Asp - Thr - Lys - Ser - Arg - Ala - Ala - Trp 
Ala - Arg , Leu20 - Gly21 - Cys22- ( z ) ( SEQ ID NO : 6 ) , wherein : 

( x ) is a synthetic or natural polymeric group , or a com ( SEQ ID NO : 19 ) 
bination thereof , wherein a non - limiting example of a syn Gln - Glu - His - Pro - Asn - Ala - Arg - Lys - Tyr - Lys - Gly - Ala 
thetic polymeric group is polyethylene glycol ( PEG , also Asn - Lys - Lys , 
called polyethylene oxide ( PEO ) ) , and a non - limiting ( SEQ ID NO : 20 ) example of a natural polymeric group is an amino acid Gln - Glu - His - Pro - Asn - Ala - Arg - Lys - Tyr - Lys - Gly - Ala sequence containing from 1 to 35 amino acids and derived Asn - Arg - Arg , 
from NPPC or variants thereof with substitutions and / or 

( SEQ ID NO : 21 ) deletions , ANP , BNP , or other non - CNP ( poly ) peptides such Asp - Leu - Arg - Val - Asp - Thr - Lys - Ser - Arg - Ala - Ala - Trp as , e.g. , serum albumin , IgG , histidine - rich glycoproteins , Ala - Arg - Leu - Leu - Gin - Glu - His - Pro - Asn - Ala - Arg - Lys fibronectin , fibrinogen , zinc finger - containing polypeptides , Tyr - Lys - Gly - Ala - Asn - Lys - Lys , 
osteocrin or fibroblast growth factor 2 ( FGF2 ) ; and 

( 2 ) may be absent or may be a synthetic or natural ( SEQ ID NO : 22 ) polymeric group , or a combination thereof , wherein a non Asp - Leu - Arg - Val - Asp - Thr - Lys - Ser - Arg - Ala - Ala - Trp 
limiting example of a synthetic polymeric group is PEG , and Ala - Arg - Leu - Leu - Gln - Glu - His - Pro - Asn - Ala - Arg - Lys 
a non - limiting example of a natural polymeric group is an Tyr - Lys - Gly - Ala - Asn - Arg - Arg . 
amino acid sequence derived from a natriuretic polypeptide Non - limiting examples ofamino acid sequences derived ( e.g. , NPPC , CNP , ANP or BNP ) or non - natriuretic poly 30 from non - CNP polypeptides such as , e.g. , ANP , BNP , serum peptide ( e.g. , serum albumin or IgG ) ; and albumin and IgG include : ( b ) and ( h ) independently may each be the wild type Lys 
at that position or may be replaced with a conservative 
amino acid substitution or any natural or unnatural amino ( SEQ ID NO : 23 ) 
acid or peptidomimetic that does not have a reactive primary Ser - Leu - Arg - Arg - Ser - Ser ; 
amine on a side chain , including but not limited to Arg , Gly , ( SEQ ID NO : 24 ) 6 - hydroxy - norleucine , citrulline ( Cit ) , Gln , Glu or Ser . In Asn - Ser - Phe - Arg - Tyr ; 
one embodiment , ( b ) is Arg . In another embodiment , for 
improved NEP resistance , ( b ) is not Gly . In yet another ( SEQ ID NO : 25 ) 
embodiment , ( h ) is not Arg . Ser - Pro - Lys - Met - Val - Gln - Gly - Ser - Gly ; 
Non - limiting examples of amino acid sequences derived ( SEQ ID NO : 26 ) 

from NPPC or variants thereof include : Met - Val - Gln - Gly - Ser - Gly ; 

20 

25 

35 

40 

( SEQ ID NO : 27 ) 
Arg , Lys - Val - Leu - Arg - Arg - Tyr ; 

45 

Glu - Arg , ( SEQ ID NO : 28 ) 
Lys - Val - Leu - Arg - Arg - His ; 

( SEQ ID NO : 7 ) 
Gly - Ala - Asn - Lys - Lys , ( SEQ ID NO : 29 ) 

Gly - Gln - His - Lys - Asp - Asp - Asn - Pro - Asn - Leu - Pro - Arg ; 
( SEQ ID NO : 8 ) 50 

Gly - Ala - Asn - Arg - Arg , ( SEQ ID NO : 30 ) 
Gly - Val - Pro - Gln - Val - Ser - Thr - Ser - Thr ; 

( SEQ ID NO : 9 ) 
Gly - Ala - Asn - Pro - Arg , ( SEQ ID NO : 31 ) 

Gly - Glu - Arg - Ala - Phe - Lys - Ala - Trp - Ala - Val - Ala - Arg 
Leu - Ser - Gln ; 
and 

( SEQ ID NO : 10 ) 55 
Gly - Ala - Asn - Gln - Gln , 

( SEQ ID NO : 11 ) 
Gly - Ala - Asn - Ser - Ser , 

( SEQ ID NO : 32 ) 
Gly - Gln - Pro - Arg - Glu - Pro - Gin - Val - Tyr - Thr - Leu - Pro 
Pro - Ser . 

( SEQ ID NO : 12 ) 60 Gly - Ala - Asn - Arg - Gin , 

( SEQ ID NO : 13 ) 
Gly - Ala - Asn - Arg - Met , 

In an embodiment , the N - terminus and / or C - terminus of 
CNP22 or a variant thereof independently may be conju 
gated to an amino acid extension containing 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 

65 or 40 amino acids . In one embodiment , the amino acid 
extension is derived from NPPC , CNP53 , ANP or BNP . In 
a specific embodiment , the amino acid extension is Gln 

( SEQ ID NO : 14 ) 
Gly - Ala - Asn - Arg - Thr , 
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Glu - His - Pro - Asn - Ala - Arg - Lys - Tyr - Lys - Gly - Ala - Asn - Lys CNP variants conjugated to such a polymer at an internal 
Lys ( SEQ ID NO : 33 ) . In a related embodiment , this site . For purposes of brevity here , PEG ( or PEO ) will be 
15 - amino acid extension is added to the N - terminus to used as a representative example of a hydrophilic or water 
provide a CNP variant of the formula Gln - Glu - His - Pro - Asn soluble polymer . Various sites of PEGylation of a CNP 
Ala - Arg - Lys - Tyr - Lys - Gly - Ala - Asn - Lys - Lys - Gly , -Leuz 5 variant are possible , including but not limited to : ( 1 ) PEGY 
Serz- ( b ) 4 - Glys - Cysg - Phez - Glyg - Leu , - ( h ) 1. - Leu11 - Asp12 lation only at the N - terminus ; ( 2 ) PEGylation only at the 
Arg13 - Ile 4 - Gly1l , 5 - Ser 16 - Met 7 - Ser 8 - Gly 19 - Leu 20 - Gly21 C - terminus ; ( 3 ) PEGylation only at an internal site ( e.g. , 
Cys22- ( z ) ( SEQ ID NO : 34 ) . Lys4 ) ; ( 4 ) PEGylation at both the N - terminus and the 

In one embodiment , the CNP variants comprise wtCNP22 C - terminus ; ( 5 ) PEGylation at the N - terminus and an inter 
or a variant thereof ( e.g. , one having addition ( s ) , deletion ( s ) , 10 nal site ; and ( 6 ) PEGylation at the C - terminus and an 
and / or substitution ( s ) such as , e.g. , a K4R substitution ) internal site . For increased resistance to NEP degradation 
( SEQ ID NO : 35 ) conjugated at the N - terminus and / or and retention of CNP functionality , in certain embodiments 
C - terminus to a hydrophilic polymer ( e.g. , PEG ) to increase the total mass of PEGylatedCNP variants is characterized by 
their overall molecular size to a range from about 2.6 kDa the ranges described generally herein , e.g. , in the range from 
or 2.8 kDa to about 4 , 5 , 6 or 7 kDa . Such CNP variants are 15 about 2.6 kDa or 2.8 kDa to about 4 , 5 , 6 or 7 kDa . In a 
optionally further conjugated at the N - terminus and / or C - ter particular embodiment , CNP17 , CNP22 , CNP37 ( defined 
minus to a polymeric group comprising , e.g. , amino acids , below ) or variants thereof ( including those having amino 
carbohydrates , hydrophobic acids and / or phospholipids , a acid additions , substitutions and / or deletions ) are PEGylated 
non - limiting example of which is an N - terminal amino acid only at the N - terminus . In another embodiment , the CNP 
extension containing 1 to 35 , or 5 to 31 , amino acids . In an 20 variants are PEGylated only at an internal site ( e.g. , Lys4 ) . 
embodiment , a hydrophilic polymeric ( e.g. , PEG ) moiety of In yet another embodiment , the CNP variants are PEGylated 
at least about 0.4 , 0.6 , 0.8 , 1 , 1.2 , 1.4 , 1.6 or 1.8 kDa , or up at the N - terminus and an internal site ( e.g. , Lys4 ) . In still 
to about 2 , 2.2 , 2.4 , 2.6 , 2.8 , 3 , 3.2 , 3.4 , 3.6 , 3.8 , 4 , 4.2 , 4.4 , another embodiment , for better functionality the CNP vari 
4.6 , 4.8 or 5 kDa , is added to the N - terminus and / or ants are not PEGylated at a site ( e.g. , Lys10 ) within the 
C - terminus of wtCNP22 or a variant thereof . 25 cyclic domain ( corresponding to Cys6 to Cys22 of CNP22 ) . 
As shown herein , conjugation of a hydrophilic or water To prevent PEGylation at an internal site , Lys4 and / or Lys10 

soluble PEG ( or PEO ) polymer of about 0.6 kDa or more to can be substituted with a natural or unnatural amino acid or 
CNP22 or variants thereof generally increases resistance to peptidomimetic that does not contain a reactive primary 
NEP cleavage markedly . However , addition of PEG , even as amino group on a side chain , such as , e.g. , Gly , Ser , Arg , 
small as 0.6 kDa , to wtCNP22 may reduce CNP function- 30 Asn , Gln , Asp , Glu or citrulline ( Cit ) . In a particular embodi 
ality ( e.g. , stimulation of cGMP signaling ) , and addition of ment , Lys4 and / or Lys10 are replaced with Arg . In another 
greater than about 2 or 3 kDa of PEG to CNP22 or variants embodiment , Lys10 is not replaced with Arg . 
thereof may reduce CNP functional activity in a size The disclosure contemplates use of hydrophilic or water 
dependent manner . But CNP functionality ( at least compa soluble polymers ( e.g. , PEG molecules ) that may vary in 
rable to that of wtCNP22 ) is retained when a PEG ( or PEO ) 35 type ( e.g. , homopolymer or copolymer ; random , alternating 
polymer of about 0.6 kDa to about 1.2 kDa , or potentially to or block copolymer ; linear or branched ; monodispersed or 
about 2 kDa , is conjugated to a CNP variant having an polydispersed ) , linkage ( e.g. , hydrolysable or stable linkage 
N - terminal amino acid extension in which at least one such as , e.g. , amide , imine , aminal , alkylene , or ester bond ) , 
relatively large amino acid that may potentially be positively conjugation site ( e.g. , at the N - terminus and / or C - terminus , 
charged under physiological conditions ( e.g. , arginine ) 40 preferably not at any of the residues in the cyclized region 
immediately precedes the position corresponding to Glyl of of CNP ( corresponding to residues 6-22 of CNP22 ) ) , and 
CNP22 , such as , e.g. , GANPR - CNP22 ( K4R ) ( SEQ ID NO : length ( e.g. , from about 0.2 , 0.4 or 0.6 kDa to about 2 , 3 , 4 
36 ) , GANPR - CNP22 ( K4R ) ( SEQ ID NO : 37 ) , ER - CNP22 or 5 kDa ) . The hydrophilic or water - soluble polymer can be 
( SEQ ID NO : 38 ) , ER - CNP22 ( K4R ) ( SEQ ID NO : 39 ) , conjugated to the CNP peptide by means of N - hydroxy 
R - CNP22 ( SEQ ID NO : 40 ) and R - CNP22 ( K4R ) ( SEQ ID 45 succinimide ( NHS ) -or aldehyde - based chemistry or other 
NO : 41 ) . chemistry , as is known in the art . Such CNP variants can be 

Accordingly , in one embodiment , PEGylated CNP vari generated using , e.g. , wtCNP - 22 ( 2.2 kDa ) , CNP - 17 retain 
ants comprise at the N - terminus of CNP22 or a variant ing only the cyclized region ( residues 6-22 ) of wtCNP22 , 
thereof ( e.g. , one having a K4R substitution ) an amino acid CNP variants having an amino acid extension at the N - ter 
extension containing at least 1 , 2 , 3 , 4 or 5 amino acids , 50 minus and / or C - terminus of CNP22 , or variants with amino 
wherein the PEG polymer is conjugated to the N - terminus of acid substitutions , additions and / or deletions , for example , 
the amino acid - extended CNP variant to result in a total GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) , GANPR - CNP22 
mass characterized by the ranges described generally herein , ( K4R ) ( SEQ ID NO : 37 ) , R - CNP22 ( SEQ ID NO : 40 ) , 
e.g. , from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa for R - CNP22 ( K4R ) ( SEQ ID NO : 41 ) , ER - CNP22 ( SEQ ID 
increased resistance to NEP cleavage . In an embodiment , for 55 NO : 38 ) and ER - CNP22 ( K4R ) 
enhanced CNP functionality , such pegylated , amino acid ( SEQ ID NO : 39 ) . In an embodiment , the PEG - CNP 
extended CNP variants contain at least one relatively large variants having a total mass characterized by the ranges 
natural or unnatural amino acid that may potentially be described generally herein , e.g. , from about 2.6 kDa or 2.8 
positively charged under physiological conditions , immedi kDa to about 6 or 7 kDa , contain a monodispersed , linear 
ately preceding the position corresponding to Glyl of 60 PEG ( or PEO ) group conjugated at the N - terminus and / or 
CNP22 . In a specific embodiment , the pegylated , amino C - terminus via NHS- or aldehyde - based chemistry , or a 
acid - extended CNP variants contain at least one arginine two - arm or three - arm branched PEG group conjugated at the 
residue immediately preceding the position corresponding to N - terminus and / or C - terminus via NHS - based chemistry . 
Glyl of CNP22 . The disclosure further contemplates negatively charged 

In addition to CNP variants conjugated at the N - terminus 65 PEG - CNP variants designed for reduced renal clearance , 
and / or C - terminus to a hydrophilic or water - soluble polymer including but not limited to carboxylated , sulfated and 
such as , e.g. , PEG ( or PEO ) , the disclosure encompasses phosphorylated compounds . 
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In a related embodiment , the disclosure contemplates one embodiment , CNP analogs or variants comprise modi 
PEG - CNP conjugates comprising NHS- or aldehyde - based fications at more than one peptidase cleavage site . In a 
PEG of the formula ( CH2CH2O ) n , wherein n is an integer further embodiment , such variant comprises a CNP with 
from 12 to 50 , and the PEG polymer is up to about 2.5 kDa substitutions at amino acid residues important in binding to 
in molecular weight . Ina specific embodiment , n is 12 or 24. 5 the NEP active site , thereby increasing resistance to NEP 
In an embodiment , the terminal hydroxyl group of the PEG degradation . One or more NEP - binding residues , including 
polymer is capped with a non - reactive group . In a particular but not limited to Gly8 , Gly15 , Ser18 , Gly19 and / or Gly21 , 
embodiment , the capping group is an alkyl group , e.g. , a are replaced with larger - size natural or unnatural amino acid 
lower alkyl group such as methyl . residues to reduce affinity to the NEP active site . In yet 

In an additional embodiment , the PEG polymers or 10 another embodiment , one or more hydrophobic residues 
derivatives thereof have a polymer number - average molecu essential in NEP recognition , including but not limited to 
lar weight in the range from about 0.4 kDa to about 2.5 kDa Phe7 , Leu9 , Leu11 , Ile14 , Met17 and Leu20 , are substituted 
or from about 0.6 kDa to about 1.5 kDa . with natural or unnatural amino acids and / or peptidomimet 

In a further embodiment , the wtCNP or CNP variant ics that decrease NEP binding . In yet another embodiment , 
peptide is conjugated to a moiety including , e.g. , bisphos- 15 one to five of the first five amino acids of CNP can be deleted 
phonates , carbohydrates , hydrophobic acids ( including fatty or substituted with any other natural amino acids or unnatu 
acids ) or amino acid sequences . Such amino acid sequences ral amino acids or peptidomimetics , or one or more natural 
include for example polyAsp or polyGlu useful in bone / or unnatural amino acids or peptidomimetics can be added 
cartilage targeting , or can be derived from bone proteins to any one or to all of the first five positions of CNP . 
with elucidated bone - targeting domains or derivatives 20 In a further embodiment , the CNP variants have a total 
thereof , such as for example fusion proteins or peptide mass characterized by the ranges described generally herein , 
sequences of osteopontin , osteocalcin , sialoprotein , etc. In e.g. , from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa for 
embodiments described herein where CNP22 or a variant increased resistance to NEP , and are represented by the 
thereof is attached to a bone- or cartilage - targeting moiety , formula : 
such a moiety is designed to promote getting the modified 25 ( x ) -Gly , -Leuz - Serz- ( a ) 4 - Gly5- ( b ) .- ( C ) -- ( d ) :-( e ) , - ( f ) 10- ( g ) 11 
CNP peptide to chondrocytes of bone growth plates , where Asp12 - Arg13- ( h ) 14 - Gly 15 - Ser 6- ( 1 ) 17 - Ser , g - Gly 19- ( 1 ) 20 
the peptide can bind and activate NPR - B on the chondro Gly21 - Cys22- ( z ) ( SEQ ID NO : 46 ) , wherein : 
cytes . ( x ) may be absent or may be selected from the group 

In another embodiment , the disclosure provides CNP consisting of synthetic bone - targeting compounds such as , 
variants with a peptide bond that is less susceptible to 30 e.g. , bisphosphonates ; amino acid sequences useful in bone 
cleavage by peptidases including NEP . The disclosure or cartilage targeting such as , e.g. , poly Asp and polyGlu ; 
encompasses a CNP variant comprising at least one modified amino acid sequences derived from bone proteins with 
residue at a site of endopeptidase cleavage . In one embodi elucidated bone - targeting domains , such as , e.g. , fusion 
ment , the Cys6 - Phe7 peptide bond ( 0 ) —NH— ) at proteins or peptide sequences of osteopontin , osteocalcin , 
an NEP cleavage site in CNP can be replaced with anyone 35 sialoprotein , etc .; polymeric or non - polymeric molecules 
of the following peptide - bond isosteres : that reduce renal clearance such as , e.g. , charged PEG 

CH , —NH , molecules ; and extensions comprising , e.g. , polymers ( e.g. , 
CEO ) N ( R ) — , where the amide group is alkylated PEGs ) , carbohydrates , hydrophobic acids ( including fatty 

with any of the following R groups : methyl , ethyl , n - propyl , acids ) , and / or amino acids , and wherein such amino acid 
isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert- 40 extensions can contain , e.g. , from 1 to 31 , or 1 to 35 , or 5 to 
butyl , 35 , or 10 to 35 , or 15 to 35 amino acid residues , and can be 

C ( 0 ) NH CH? , derived from NPPC , ANP , BNP , other non - CNP ( poly ) 
CH2S- , peptides such as , e.g. , serum albumin or IgG , or variants of 
CH2 - S ( O ) n where n is 1 or 2 , the aforementioned polypeptides having substitutions , addi 
CH = CH- , 45 tions and / or deletions , or combinations thereof ; 
C ( O ) -CH2- , ( z ) may be absent or may be selected from the group 
CH ( CN ) —NH— , consisting of amino acid sequences useful in bone or carti 
CH ( OH ) CH lage targeting such as for example poly Asp and polyGlu , 
HOC_O ) NH? , and amino acid sequences from bone - targeting domains of bone 
-NHCO ) NH? . 50 proteins such as , e.g. , osteopontin , osteocalcin and sialopro 

In another embodiment , Phe7 is substituted with its tein , and amino acid sequences derived from non - CNP 
enantiomer D - Phe . In yet another embodiment , D - enantiom ( poly ) peptides such as , e.g. , ANP or BNP ; 
ers are introduced to one or more , up to all 22 , positions ( a ) may be the wild type Lys at that position or may be 
within wtCNP - 22 . In a further embodiment , a beta amino replaced with a conservative amino acid substitution or a 
acid such as 3 - amino - 2 - phenylpropionic acid is substituted 55 natural or unnatural amino acid or peptidomimetic that does 
for Phe7 , which increases the length of the backbone while not have a reactive primary amine on a side chain , including 
reducing the length of the side chain . In yet another embodi but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline 
ment , the disclosure contemplates Cys analogs at the Cys6 ( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( a ) is Arg ; 
position including but not limited to homocysteine , penicil ( b ) is selected from the group consisting of Cys and 
lamine , 2 - mercaptopropionic acid , and 3 - mercaptopropionic 60 peptide - bond isosteres between Cys6 and Phe7 such as , e.g. , 
acid . Cys - CH - NH ; 
Even in the presence of a NEP - resistant bond between ( c ) is selected from the group consisting of L - Phe ; D - Phe ; 

Cys6 and Phe7 , other peptide bonds can be hydrolyzed by 3 - amino - 2 - phenylpropionic acid ; N - alkylated derivatives of 
NEP , including Gly8 - Leu9 , Lys10 - Leull , Arg13 - Ile14 , Phe , wherein the N - alkyl group is methyl , ethyl , n - propyl , 
Ser16 - Met17 and Gly19 - Leu20 . Accordingly , the disclosure 65 isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert 
encompasses CNP analogs containing peptide bond isosteres butyl ; and Phe analogs , wherein one or more ortho- , meta- , 
at multiple locations in the backbone of the CNP analogs . In and / or para - positions of the benzene ring of the Phe analog 
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are substituted with one or more substituents selected from ( x ) -Gly , -Leuz - Serz- ( a ) 4 - Glys- ( b ) .- ( C ) -- ( d ) z- ( e ) , - ( 1 ) 10- ( g ) 11 
the group consisting of halogen , hydroxyl , cyano , straight or Asp 12 - Arg13- ( h ) 14 - Gly 15 - Ser16- ( i ) 17 - Ser18 - Gly 19- ( 1 ) 20 
branched C1-6 alkyl , straight or branched C1-6 alkoxy , Gly21 - Cys22- ( 2 ) ( SEQ ID NO : 47 ) , wherein : 
straight or branched halo - C1-6 alkyl , C3-10 cycloalkyl , het ( x ) may be absent or may be a peptide sequence contain 
erocyclyl , C6-14 aryl and heteroaryl ( examples include , but 5 ing one to five amino acids which is derived from a 
are not limited to , tyrosine , 3 - chlorophenylalanine , 2,3 natriuretic polypeptide ( e.g. NPPC , CNP , ANP or BNP ) or a 
chloro - phenylalanine , 3 - chloro - 5 - fluoro - phenylalanine , non - natriuretic polypeptide as described herein ( e.g. , HSA , 
2 - chloro - 6 - fluoro3 - methyl - phenylalanine ) , or wherein the IgG , a bone - targeting protein , etc. ) ; 
benzene ring of the Phe analog can be replaced with another ( z ) may be absent or may be selected from the group 
aryl group ( non - limiting examples include 1- and 2 - naph consisting of synthetic bone - targeting compounds such as , 
thylalanine ) or with a heteroaryl group ( non - limiting e.g. , bisphosphonates ; amino acid sequences useful in bone / 
examples include pyridylalanine , thienylalanine and furyl cartilage targeting such as , e.g. , polyAsp and polyGlu ; bone 
alanine ) ; proteins with bone - targeting domains and derivatives 

( d ) is selected from the group consisting of Gly , tert - butyl- is thereof , such as fusion proteins or peptides sequences of 
Gly ( tBu - Gly ) , Thr , Ser , Val and Asn ; osteopontin , osteocalcin , and sialoprotein ; molecules that 

( e ) is selected from the group consisting of Leu , Ser , Thr reduce renal clearance , such as , e.g. , charged PEGs ; and 
and peptide - bond isosteres such as , e.g. , N - Me - Leu ; molecules that increase resistance of CNP to NEP - mediated 

( f ) may be the wild type Lys at that position or may be degradation , as described herein ; 
replaced with a conservative amino acid substitution or a 20 ( a ) may be the wild type Lys at that position or may be 
natural or unnatural amino acid or peptidomimetic that does replaced with a conservative amino acid substitution or a 
not have a reactive primary amine on a side chain , including natural or unnatural amino acid or peptidomimetic that does 
but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline not have a reactive primary amine on a side chain , including 
( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( f ) is not but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline 
Arg ; 25 ( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( a ) is Arg ; 

( g ) is selected from the group consisting of Leu and ( b ) may be Cys or descarboxy cysteine , or the ( b ) - ( c ) , 
peptide - bond isosteres such as , e.g. , N - Me - Leu ; peptide bond ( C 0 NH— ) may be replaced with any 

( h ) is selected from the group consisting of Ile , tBu - Gly , one of the following peptide bond isosteres : 
and peptide - bond isosteres such as , e.g. , N - Me - Ile ; CH —NH , 

( i ) is selected from the group consisting of Met , Val , Asn , 30 C ( = O ) —N ( R ) , where the amide group is alkylated 
beta - Cl - Ala , 2 - aminobutyric acid ( Abu ) and 2 - amino - isobu with any of the following R groups : methyl , ethyl , n - propyl , 
tyric acid ( Aib ) ; and isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert 

( j ) is selected from the group consisting of Leu , norleu butyl , 
cine ( Nle ) , homoleucine ( Hleu ) , Val , tert - butyl - Ala ( tBu -C ( 0 ) NHCH , … , 
Ala ) , Ser , Thr , Arg , and peptide - bond isosteres such as , e.g. , 35 -CH - SC , 
N - Me - Leu . -CH2 - S ( O ) n where n is 1 or 2 , 

In one embodiment , the CNP variants comprise a modi CH - CH2 
fication at one or more of positions 6 , 7 , 8 , 9 , 10 , 11 , 13 , 14 , CH = CH 
16 , 17 , 19 and / or 20 , and may optionally have modifications CEO ) CH 
at any of the other positions disclosed herein . CH ( CN ) -NH 

In embodiments described herein where CNP22 or vari CH ( OH ) CH 
ants thereof can be attached to a hydrophobic acid , the CNP O CONH , or 
peptides can be attached to one or hydrophobic acids . -NHC = O ) NH 
Nonlimiting examples of hydrophobic acids include ( c ) is selected from the group consisting of L - Phe ; D - Phe ; 
straightchain or branched , saturated or unsaturated C5 - C12 45 3 - amino - 2 - phenylpropionic acid ; peptide bond isosteres of 
carboxylic acids ( e.g. , pentanoic acid , heptanoic acid , etc. ) Phe such as N - alkylated derivatives of Phe wherein the 
and natural fatty acids . The hydrophobic acids can be N - alkyl group is selected from the group consisting of 
attached to the N - terminus , the C - terminus , and / or the side methyl , ethyl , n - propyl , isopropyl , cyclopropyl , n - butyl , 
chain of one or more amino acid residues . In one embodi isobutyl , sec - butyl and tert - butyl ; and Phe analogs , wherein 
ment , the hydrophobic acids are conjugated to the N - termi- 50 one or more ortho- , meta- , and / or para - positions of the 
nus . In an embodiment , conjugation of CNP22 or a variant benzene ring of the Phe analog are substituted with one or 
thereof to a hydrophobic acid is designed , inter alia , to more substituents selected from the group consisting of 
promote non - specific interaction between the modified CNP halogen , hydroxyl , cyano , straight or branched C1-6 alkyl , 
peptide and serum albumin , thereby increasing the size of straight or branched C - alkoxy , straight or branched halo 
the CNP peptide and protecting it from cleavage by pro- 55 C -6 alkyl , C3-10 cycloalkyl , C6-14 aryl , heterocyclyl and 
teases such as , e.g. , NEP . The interaction between the heteroaryl ( examples include , but are not limited to , tyro 
hydrophobic acid - conjugated CNP peptide and albumin is sine , 3 - chlorophenylalanine , 2,3 - chloro - phenylalanine , 
designed to be not too strong , so that the modified CNP 3 - chloro - 5 -fluoro - phenylalanine , 2 - chloro - 6 - fluoro - 3 
peptide can diffuse through cartilage , get to chondrocytes of methyl - phenylalanine ) , or wherein the benzene ring of the 
bone growth plates , and bind and activate NPR - B . 60 Phe analog can be replaced with another aryl group ( non 

In a further embodiment , the disclosure provides CNP limiting examples include 1- and 2 - naphthylalanine ) or with 
variants that in vitro or in vivo stimulate the production of a heteroaryl group ( non - limiting examples include pyridyl 
at least about 50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 110 % , alanine , thienylalanine and furylalanine ) ; 
120 % , 130 % , 140 % or 150 % of the cGMP level produced ( d ) is selected from the group consisting of Gly , tert - butyl 
under the same concentration of wtCNP22 ( e.g. , 1 uM ) , 65 Gly ( tBu - Gly ) , Val , Ser , Thr and Asn ; 
comprise at least one modified amino acid at position ( b ) , ( e ) is selected from the group consisting of Leu , Ser , Thr , 
( c ) , and / or ( d ) s , and are represented by the general formula : and peptide - bond isosteres such as , e.g. , N - Me - Leu ; 

9 
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( f ) is any natural or unnatural amino acid or peptidomi ( y ) -Cys . - Phe -- Glyg - Leu , -Lys 10 - Leu 11 - Asp12 - Arg13 - Ile14 
uretic that does not have a reactive primary amino group on Gly15 - Ser 16 - Met 7 - Serig - Gly 19 - Leu 20 - Gly2 . - Cys22 ( SEQ 
a side chain , including but not limited to Arg , Gly , 6 - hy ID NO : 138 ) , wherein : 
droxy - norleucine , citrulline ( Cit ) , Gln , Ser or Glu , wherein ( y ) comprises one or more amino acids selected from 
in one embodiment ( f ) is not Arg ; Gly , -Leuz - Serz - Lys4 - Gly , ( SEQ ID NO : 1 ) and / or substitu 

( g ) is selected from the group consisting of Leu and tions at one or more of those positions using natural or 
peptide - bond isosteres such as , e.g. , N - Me - Leu ; unnatural amino acids ( e.g. , K4R substitution ) , and further ( h ) is selected from the group consisting of Ile , tBu - Gly comprises a hydrophilic or water soluble polymer of 
and peptide - bond isosteres such as , e.g. , N - Me - Ile ; molecular weight from about 0.6 kDa to about 5 kDa . In an ( i ) is selected from the group consisting of Met , Val , Asn , 10 embodiment , the hydrophilic or water - soluble polymer is beta - Cl - Ala , 2 - aminobutyric acid ( Abu ) and 2 - amino - isobu 
tyric acid ( Aib ) ; and conjugated to the N - terminus of such amino acid - extended 

( ) is selected from the group consisting of Leu , norleu CNP variant . In a particular embodiment , the hydrophilic or 
cine ( Nle ) , homoleucine ( Hleu ) , Val , tert - butyl - Ala ( tBu water - soluble polymer is PEG ( or PEO ) . 
Ala ) , Ser , Thr , Arg , and peptide - bond isosteres such as , e.g. , 15 In yet another embodiment , the disclosure provides CNP 
N - Me - Leu . variants that in vitro or in vivo stimulate the production of 

In a further embodiment , the disclosure encompasses at least about 50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 110 % , 
CNP variants that in vitro or in vivo stimulate the production 120 % , 130 % , 140 % or 150 % of the cGMP level produced 
of at least about 50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 110 % , under the same concentration of wtCNP22 ( e.g. 1 uM ) , 
120 % , 130 % , 140 % or 150 % of the cGMP level produced 20 wherein the CNP variants comprise an N - terminal and / or 
under the same concentration of wtCNP22 ( e.g. , 1 uM ) , have C - terminal peptide extension containing from 1 to 15 amino 
a total mass characterized by the ranges described generally acids , and are conjugated to a hydrophilic or water soluble 
herein , e.g. , from about 2.6 kDa or 2.8 kDa to about 6 or 7 polymer . In an embodiment , the peptide extension contains 
kDa for increased resistance to NEP degradation , and are from 5 to 10 amino acids . In a specific embodiment , the 
represented by the general formula : 25 peptide extension contains 5 amino acids . In another specific 
( x ) - ( y ) -Cysg - Phe -- Glyg - Leu , - ( h ) 10 - Leu11 - Asp12 - Arg13 embodiment , the hydrophilic or water - soluble polymer is 

Ile 14 - Gly15 - Ser16 - Met17 - Ser18 - Gly19 - Leu 20 - Gly21 - Cys22 PEG ( or PEO ) . 
( 2 ) ( SEQ ID NO : 48 ) , wherein : In a still further embodiment , the CNP variants of the ( x ) is a synthetic or natural polymeric group , or a com disclosure in vitro or in vivo stimulate the production of at 

bination thereof , wherein a non - limiting example of a syn- 30 least about 50 % , 60 % , 70 % , 80 % , 90 % , 100 % , 110 % , 120 % , thetic polymeric group is polyethylene glycol ( PEG ) , and a 130 % , 140 % or 150 % of the cGMP level produced under the nonlimiting example of a natural polymeric group is an same concentration of wtCNP22 ( e.g. 1 uM ) , and comprise amino acid sequence containing from 1 35 amino acids 
and derived from NPPC or variants thereof with substitu at least a 15 amino acid fragment derived from natriuretic 
tions and / or deletions , ANP , BNP , or other non - CNP ( poly ) 35 peptide precursor C ( NPPC ) , wherein the fragment is at least 
peptides such as , e.g. , serum albumin , IgG , histidine - rich 70 % homologous to a sequence from wild type NPPC 
glycoproteins , fibronectin , fibrinogen , zinc finger - containing containing the same number of amino acid residues . 
polypeptides , osteocrin or FGF2 ; In still another embodiment , the CNP variants have a total 

( y ) may be absent or may be one or more amino acids mass characterized by the ranges described generally herein , 
from Gly , -Leu - Serz - Lys4 - Glys ( corresponding to positions 40 e.g. , from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa for 
1 to 5 of CNP22 ) ( SEQ ID NO : 1 ) and / or substitutions at one increased NEP resistance , and are represented by the for 
or more of those positions using natural or unnatural amino mula : 
acids ( e.g. , K4R substitution ) ; ( x ) - ( b ) .- ( C ) -- ( d ) :-( e ) , ( f ) 10- ( ) 11 - Asp.2 - Arg13- ( h ) 4 - Gly15 

( h ) may be the wild - type Lys at that position or may be Ser16- ( i ) 17 - Ser18 - Gly19- ( 1 ) 20 - Gly21 - Cys22- ( z ) ( SEQ ID 
replaced with a conservative amino acid substitution or a 45 NO : 49 ) , wherein : 
natural or unnatural amino acid or peptidomimetic that does ( x ) may be absent ( i.e. , the N - terminus ends with an 
not have a reactive primary amine on a side chain , including -NH2 group ) or may be selected from the group consisting 
but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline of a sequence of 1 , 2 , 3 , 4 or 5 amino acids from the peptide 
( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( h ) is not Gly , -Leuz - Serz - Lys -Glys ( SEQ ID NO : 1 ) ; amino acid 
Arg ; and 50 sequences useful in bone / cartilage targeting such as for 

( 2 ) may be absent or may be a synthetic or natural example polyAsp or polyGlu ; bone - targeting domains from 
polymeric group , or a combination thereof , wherein a non bone proteins such as for example osteopontin , osteocalcin 
limiting example of a synthetic polymeric group is PEG , and or sialoprotein ; molecules that reduce renal clearance such 
non - limiting example of a natural polymeric group is as hydrophilic or water - soluble polymers , including but not 

amino acid sequence derived from a natriuretic polypeptide 55 limited to charged PEG molecules , and moieties comprising 
( e.g. , NPPC , CNP , ANP or BNP ) or non - natriuretic poly PEG , carbohydrates , hydrophobic acids , amino acids , or 
peptide ( e.g. , serum albumin or IgG ) . combinations thereof , wherein such moieties can be amino 

In an embodiment , ( x ) , ( y ) and ( 2 ) together contain from acid extensions including but not limited to amino acid 
about 10 to about 40 , or from about 15 to about 35 amino sequences derived from NPPC or non - CNP ( poly ) peptides 
acids . In another embodiment , ( x ) is an amino acid sequence 60 such as , e.g. , BNP , ANP , serum albumin or IgG ; 
comprising from 1 to 40 amino acids , or from 1 to 20 amino ( 2 ) may be absent or may be selected from the group 
acids . consisting of amino acid sequences useful in bone / cartilage 

Further contemplated are CNP variants that in vitro or in targeting such as for example polyAsp or polyGlu ; amino 
vivo stimulate the production of at least about 50 % , 60 % , acid sequences derived from bone - targeting proteins , such 
70 % , 80 % , 90 % , 100 % , 110 % , 120 % , 130 % , 140 % or 150 % 65 as for example osteopontin , osteocalcin or sialoprotein ; and 
of the cGMP level produced under the same concentration of amino acid sequences derived from NPPC or non - CNP 
wtCNP22 ( e.g. , 1 uM ) , and comprise the sequence : ( poly ) peptides , as described herein ; 
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( b ) is selected from the group consisting of Cys and not have a reactive primary amine on a side chain , including 
peptide bond isosteres between Cys6 and Phe7 such as , e.g. , but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline 
Cys - CH2 - NH ; ( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( a ) is Arg ; 

( c ) is selected from the group consisting of L - Phe ; D - Phe ; ( b ) is selected from the group consisting of Cys and 
3 - amino - 2 - phenylpropionic acid ; N - alkylated derivatives of 5 peptide bond isosteres between Cys6 and Phe7 such as , e.g. , 
Phe , wherein the N - alkyl group is methyl , ethyl , n - propyl , Cys - CH2 - NH ; 
isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert ( C ) is selected from the group consisting of L - Phe ; D - Phe ; 
butyl ; and Phe analogs , wherein one or more ortho- , meta- , 3 - amino - 2 - phenylpropionic acid ; N - alkylated derivatives of 
and / or para - positions of the benzene ring of the Phe analog Phe , wherein the N - alkyl group is methyl , ethyl , n - propyl , 
are substituted with one or more substituents selected from 10 isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert 
the group consisting of halogen , hydroxyl , cyano , straight or butyl ; and Phe analogs , wherein one or more ortho- , meta- , 
branched C1-6 alkyl , straight or branched C1-6 alkoxy , and / or para - positions of the benzene ring of the Phe analog 
straight or branched halo - C1-6 alkyl , C3-10 cycloalkyl , C6-14 are substituted with one or more substituents selected from 
aryl , heterocyclyl and heteroaryl ( examples include , but are the group consisting of halogen , hydroxyl , cyano , straight or 
not limited to , tyrosine , 3 - chlorophenylalanine , 2,3 - chloro- 15 branched C1-6 alkyl , straight or branched C1-6 alkoxy , 
phenylalanine , 3 - chloro - 5 - fluoro - phenylalanine , 2 - chloro straight or branched halo - C1-6 alkyl , C3-10 cycloalkyl , C6-14 
6 - fluoro - 3 - methyl - phenylalanine ) , or wherein the benzene aryl , heterocyclyl and heteroaryl ( examples include , but are 
ring of the Phe analog can be replaced with another aryl not limited to , tyrosine , 3 - chlorophenylalanine , 2,3 - chloro 
group ( non - limiting examples include 1- and 2 - naphthylala phenylalanine , 3 -chloro - 5 - fluoro - phenylalanine , 2 - chloro 
nine ) or with a heteroaryl group ( non - limiting examples 20 6 - fluoro - 3 - methyl - phenylalanine ) , or wherein the benzene 
include pyridylalanine , thienylalanine and furylalanine ) ; ring of the Phe analog can be replaced with another aryl 

( d ) is selected from the group consisting of Gly , tert - butyl group ( non - limiting examples include 1- and 2 - naphthylala 
Gly ( tBu - Gly ) , Val , Ser , Thr and Asn ; nine ) or with a heteroaryl group ( non - limiting examples 

( e ) is selected from the group consisting of Leu , Ser , Thr , include pyridylalanine , thienylalanine and furylalanine ) ; 
and peptide - bond isosteres such as , e.g. , N - Me - Leu ; ( d ) is selected from the group consisting of Gly , tert - butyl 

( f ) may be the wild type Lys at that position or may be Gly , Thr , Ser , Val and Asn ; 
replaced with a conservative amino acid substitution or a ( e ) is selected from the group consisting of Leu , Ser , Thr , 
natural or unnatural amino acid or peptidomimetic that does and peptide bond isosteres such as , e.g. , N - Me - Leu ; 
not have a reactive primary amine on a side chain , including ( f ) may be the wild type Lys at that position or may be 
but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline 30 replaced with a conservative amino acid substitution or a 
( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( f ) is not natural or unnatural amino acid or peptidomimetic that does 
Arg ; not have a reactive primary amine on a side chain , including 

( g ) is selected from the group consisting of Leu and but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline 
peptide - bond isosteres such as , e.g. , N - Me - Leu ; ( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( f ) is not 

( h ) is selected from the group consisting of Ile , tBu - Gly 35 Arg ; 
and peptide - bond isosteres such as , e.g. , N - Me - Ile ; ( g ) is selected from the group consisting of Leu , Asn , and 

( i ) is selected from the group consisting of Met , Val , Asn , peptide bond isosteres such as , e.g. , N - Me - Leu ; 
beta - Cl - Ala , 2 - aminobutyric acid ( Abu ) and 2 - amino - isobu ( h ) is selected from the group consisting of Ile , tert - butyl 
tyric acid ( Aib ) ; and Gly ( tBu - Gly ) , Asn , and peptide bond isosteres such as , e.g. , 

( ) is selected from the group consisting of Leu , norleu- 40 N - M - Ile ; 
cine ( Nle ) , homoleucine ( Hleu ) , Val , tert - butyl - Ala ( tBu ( i ) is selected from the group consisting of Gly , Arg , Ser 
Ala ) , Ser , Thr , Arg , and peptide - bond isosteres such as , e.g. , and Asn ; 
N - Me - Leu . ( j ) is selected from the group consisting of Met , Val , Asn , 

In a further embodiment , the CNP variants have a total beta - Cl - Ala , 2 - aminobutyric acid ( Abu ) and 2 - amino - isobu 
mass characterized by the ranges described generally herein , 45 tyric acid ( Aib ) ; and 
e.g. , from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa for ( k ) is selected from the group consisting of Leu , norleu 
increased NEP resistance , and are represented by the for cine ( Nle ) , homoleucine ( Hleu ) , Val , tert - butyl - Ala ( tBu 
mula : Ala ) , Arg , Thr , Ser , and peptide bond isosteres such as , e.g. , 
( x ) -Gly , -Leu - Serz- ( a ) 4 - Glys- ( b ) .- ( C ) -- ( d ) :-( e ) , - ( 1 ) - ( 8 ) u N - Me - Leu . 
Asp 12 - Arg13- ( h ) 14- ( i ) 15 - Ser16-6 ) .7 - Ser18 - Gly19- ( k ) 20 In a further embodiment , the CNP variants can have 
Gly21 - Cys22- ( z ) ( SEQ ID NO : 50 ) , wherein : amino acid substitution ( s ) at one or more of any of positions 
( x ) and ( z ) independently may be absent or may be 1 to 22 of CNP22 . In one embodiment , Glylis substituted 

selected from the group consisting of synthetic bone - target with Arg or Glu . In another embodiment , Lys4 is replaced 
ing compounds such as , e.g. , bisphosphonates ; amino acid with Arg . In still another embodiment , Gly5 is substituted 
sequences useful in bone / cartilage targeting such as for 55 with Arg , Gln or Ser . In yet another embodiment , Gly15 is 
example poly Asp or polyGlu ; amino acid sequences derived substituted with Ser , Asn , Arg or Cit . In a further embodi 
from bone - targeting domains of bone proteins and deriva ment , Gly19 is substituted with Ser , Arg or Asn . In yet 
tives thereof , such as for example fusion proteins or peptide another embodiment , Gly21 is substituted with Ser , Thr , or 
sequences of osteopontin , osteocalcin , sialoprotein , etc .; Arg . 
moieties that reduce renal clearance , including but not 60 In one embodiment , the CNP variant is selected from the 
limited to hydrophilic or water - soluble polymers such as , group consisting of GLSKGC ( CH NH ) FGLKLDRIGSMS 
e.g. , charged PEG molecules ; and moieties comprising , e.g. , GLGC ( formed using descarboxy - Cys ) ( SEQ ID NO : 56 ) , 
hydrophilic polymers ( e.g. , PEG ) , carbohydrates , hydropho GLSKGC- ( N - Me - Phe ) -GLKLDRIGSMSGLGC ( SEQ ID 
bic acids , and / or amino acids ; NO : 57 ) , GLSKGC- ( D - Phe ) -GLKLDRIGSMSGLGC ( SEQ 

( a ) may be the wild type Lys at that position or may be 65 ID NO : 136 ) , GLSKGCF- ( tBuG ) -LKLDRIGSMSGLGC 
replaced with a conservative amino acid substitution or a ( SEQ ID NO : 58 ) , GLSKGC- ( 3 - C1 - Phe ) -GLKLDRIGSMS 
natural or unnatural amino acid or peptidomimetic that does GLGC ( SEQ ID NO : 137 ) , and GLSKGC- [ NHCH2CH ( Ph ) 

50 
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CO ] -GLKLDRIGSMSGLGC ( formed using 3 - amino - 2 In one embodiment , CNP variants having a PEG ( or PEO ) 
phenylpropionic acid ) ( SEQ ID NO : 59 ) . In a further moiety and an amino acid extension at the N - terminus 
embodiment , a disulfide bond exists between Cys6 , descar contain arginine at the position immediately preceding the 
boxy - Cys or another sulfhydryl - containing cysteine analog position corresponding to Glyl of CNP22 . Such PEGylated 
at the Cys6 position , and Cys22 of any CNP variant 5 CNP variants are designed for increased resistance to NEP 
described herein . degradation , reduced binding to serum albumin , and 

In another embodiment , the CNP variants contain an enhanced CNP functional activity ( e.g. , activation of cGMP 
amino cid extension at the N - terminus and / or C - terminus of signaling ) . Non - limiting examples of PEGylated CNP vari 
CNP22 or CNP17 , including but not limited to : ants include PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 

36 ) , PEO12 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) , 
PEO24 - GANRR - CNP22 ( SEQ ID NO : 65 ) , PEO12 ( SEQ ID NO : 4 ) GANRR - CNP22 ( SEQ ID NO : 65 ) , PEO24 - GANPR DLRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMS 

( CNP - 53 ) ; CNP22 ( K4R ) ( SEQ ID NO : 37 ) , PEO12 - GANPR - CNP22 
( K4R ) ( SEQ ID NO : 37 ) , PEO24 - GANPR - CNP22 ( SEQ ID 

( SEQ ID NO : 60 ) NO : 37 ) , PEO12 - GANPR - CNP22 ( SEQ ID NO : 66 ) , QEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( CNP - 37 , Analog BL ) ; PEO24 - GANQQ - CNP22 ( SEQ ID NO : 64 ) , PEO12 

GANQQ - CNP22 ( SEQ ID NO : 64 ) , PEO24 - ER - CNP22 
( SEQ ID NO : 61 ) ( K4R ) ( SEQ ID NO : 39 ) , PEO12 - ER - CNP22 ( K4R ) ( SEQ 

AAWARLLQEHPNAGLSKGCFGLKLDRIGSMSGLGC ( Analog CA ) ; ID NO : 39 ) , PEO24 - ER - CNP22 ( SEQ ID NO : 38 ) , PEO12 
( SEQ ID NO : 62 ) ER - CNP22 ( SEQ ID NO : 38 ) , PEO24 - R - CNP22 ( K4R ) 

AAWARLLQEHPNARGLSKGCFGLKLDRIGSMSGLGC ( Analog CB ) ; ( SEQ ID NO : 41 ) , PEO12 - R - CNP22 ( K4R ) ( SEQ ID NO : 
41 ) , PEO24 - R - CNP22 ( SEQ ID NO : 40 ) , and PEO12 - R 

( SEQ ID NO : 63 ) CNP22 ( SEQ ID NO : 40 ) , wherein PEO24 is a monodis DLRVDTKSRAAWARGLSKGCFGLKLDRIGSMSGLGC ( Analog CC ) ; persed 1.2 kDa PEG polymer and PEO12 is a monodis 
( SEQ ID NO : 40 ) persed 0.6 kDa PEG polymer . In an embodiment , the PEG 

RGLSKGCFGLKLDRIGSMSGLGC ; ( or PEO ) polymer is attached to the N - terminus of the CNP 
variants . ( SEQ ID NO : 38 ) Additional CNP variants include , but are not limited to , ERGLSKGCFGLKLDRIGSMSGLGC ; 
derivatives of CNP37 having mutation ( s ) at the furin cleav 

( SEQ ID NO : 64 ) age site ( underlined ) , designed to improve in vivo resistance 
GANQQGLSKGCFGLKLDRIGSMSGLGC ; to the furin protease , and / or having glycine ( underlined ) 

( SEQ ID NO : 65 ) preceding glutamine , designed to prevent pyroglutamine 
GANRRGLSKGCFGLKLDRIGSMSGLGC ; formation , including but not limited to : 

20 

25 

30 

35 ( SEQ ID NO : 66 ) 
GANPRGLSKGCFGLKLDRIGSMSGLGC ; ( SEQ ID NO : 71 ) 

GQEHPNARKYKGANPKGLSKGCFGLKLDRIGSMSGLGC ( An . CS ) ; ( SEQ ID NO : 67 ) 
GANSSGLS KGCFGLKLDRIGSMSGLGC ; ( SEQ ID NO : 72 ) 

( SEQ ID NO : 144 ) 40 GQEHPNARKYKGANOKGLSKGCFGLKLDRIGSMSGLGC ( An . CT ) ; 
GHKSEVAHRFKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( sometimes designated " CNP27 - HSA " or ( SEQ ID NO : 73 ) " HSA - CNP27 " GQEHPNARKYKGANQQGLSKGCFGLKLDRIGSMSGLGC ( An . CU ) ; in the Examples and FIGS . ) ; 

( SEQ ID NO : 74 ) 
( SEQ ID NO : 68 ) GQEHPNARKYKGANKPGLSKGCFGLKLDRIGSMSGLGC ( An . CW ) ; SPKMVQGSG - CNP17 - KVLRRH ( Analog CD ) ( CNP17 having 45 

N - terminal and C - terminal tails derived from BNP ) . ( SEQ ID NO : 75 ) 
GQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 

In a further embodiment , the CNP variants have a K4R ( Gly - CNP37 , An . DB ) ; 
substitution at position 4 of CNP22 . Non - limiting examples 
of CNP ( K4R ) variants include : ( SEQ ID NO : 145 ) 

50 PGQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( Pro - Gly - CNP37 ) . 

( ( SEQ ID NO : 36 ) 
GANRRGLSRGCFGLKLDRIGSMSGLGC ( Analog AY ) ; 

In another embodiment , the CNP variants are chimera 
comprising CNP22 and an N - terminal peptide fragment , 
including but not limited to : 

55 ( SEQ ID NO : 37 ) 
GANPRGLSRGCFGLKLDRIGSMSGLGC ( Analog CI ) ; 

( SEQ ID NO : 41 ) 
RGLSRGCFGLKLDRIGSMSGLGC ( Analog AZ ) ; 

( SEQ ID NO : 76 ) 
GHHSHEQHPHGANQQGLSKGCFGLKLDRIGSMSGLGC ( Analog co ) 
( histidine - rich glycoprotein ( HRGP ) fragment 
CNP22 chimera ) ; ( SEQ ID NO : 39 ) 

ERGLSRGCFGLKLDRIGSMSGLGC ( Analog BA ) ; 
60 

( SEQ ID NO : 69 ) 
GANOOGLSRGCFGLKLDRIGSMSGLGC ( Analog CH ) ; 
and 

( SEQ ID NO : 77 ) 
GAHHPHEHDTHGANQQGLSKGCFGLKLDRIGSMSGLGC ( Analog CR ) 
( HRGP fragment - CNP22 chimera ) ; 

( SEQ ID NO : 70 ) 
GANSSGLSRGCFGLKLDRIGSMSGLGC ( Analog CG ) . 

( SEQ ID NO : 78 ) 
65 GHHSHEQHPHGANPRGLSKGCFGLKLDRIGSMSGLGC ( Analog CX ) 

( HRGP fragment - CNP22 chimera ) ; 
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- continued In yet another embodiment , the CNP variant may be a 
monomer or a dimer . In a related embodiment the monomers 

( SEQ ID NO : 79 ) of dimeric CNP variants can be attached N - terminus to GQPREPOVYTLPPSGLSKGCFGLKLDRIGSMSGLGC ( Analog CF ) 
( IgG ( F . ) fragment - CNP22 chimera ) ; N - terminus via a linker or no linker , N - terminus to C - ter 

5 minus via a linker or no linker , or C - terminus to C - terminus 
( SEQ ID NO : 80 ) via a linker or no linker . 

GQHKDDNPNLPRGANPRGLSKGCFGLKLDRIGSMSGLGC ( Analog Chimera comprising an IgG fragment and CNP22 or a CY ) ( human serum albumin ( HSA ) fragment - CNP22 
chimera ) ; variant thereof are designed for , inter alia , increased resis 

tance to NEP degradation and reduced binding to serum 
( SEQ ID NO : 81 ) 10 albumin . CNP chimera comprising a surface fragment of 

GERAFKAWAVARLSQGLSKGCFGLKLDRIGSMSGLGC ( Analog CE ) HSA are designed for , inter alia , reduced immunogenicity ( HSA fragment - CNP22 chimera ) ; and reduced binding to serum albumin . HRGP - CNP22 and 
( SEQ ID NO : 82 ) HRGP - CNP22 ( K4R ) chimera containing a cationic , histi 

FGIPMDRIGRNPRGLSKGCFGLKLDRIGSMSGLGC ( Analog cz ) dine - rich , non - lysine , non - arginine sequence at the N - termi 
( osteocrin " NPR C inhibitor " fragment - CNP22 15 nus are designed for , inter alia , increased stability to pro chimera ) ; teases . Chimera containing an osteocrin fragment are 

designed to release , upon protease ( e.g. , furin ) cleavage , the 
( SEQ ID NO : 83 ) osteocrin fragment at bone growth plates , where the frag 

GKRTGQYKLGSKTGPGPKGLSKGCFGLKLDRIGSMSGLGC ment would inhibit the clearance receptor NPR - C . With ( Analog DA ) ( FGF2 " heparin - binding domain " 
fragment - CNP22 chimera ) . 20 respect to chimera comprising an FGF2 heparin - binding 

fragment , heparin binding to the fragment is designed to 
In a further embodiment , the CNP variants are chimera protect the chimera from degradation , thereby providing a 

comprising an N - terminal peptide fragment and CNP22 in longer serum half - life . Chimera containing a fibronectin , 
which arginine is substituted for Lys4 of CNP22 ( “ CNP22 fibrinogen , or zinc - finger fragment are designed for reduced 
( K4R ) ” ) , including but not limited to : 25 binding to serum albumin , among other advantageous fea 

tures . 
Not intending to be bound by theory , a CNP variant of 

( SEQ ID NO : 84 ) molecular weight from about 2.6 kDa or 2.8 kDa to about 6 GQPREPOVYTGANQQGLSRGCFGLKLDRIGSMSGLGC ( Analog CK ) or 7 kDa which has increased resistance to NEP degradation ( IgG ( Fc ) fragment - CNP22 ( K4R ) chimera ) ; 30 and has similar or improved functionality ( e.g. , binding to 
( SEQ ID NO : NPR - B and stimulation of cGMP signaling ) as compared to 

GVPQVSTSTGANQQGLSRGCFGLKLDRIGSMSGLGC ( Analog CL ) wtCNP22 , may be more effective if it does not bind tightly 
( HSA fragment - CNP22 ( K4R ) chimera ) to plasma proteins such as serum albumin . A CNP variant 

( SEQ ID NO : 86 ) that does not bind tightly to plasma proteins ( e.g. , serum 
GQPSSSSQSTGANQQGLSRGCFGLKLDRIGSMSGLGC 35 albumin ) may be more effective in diffusing through carti 
( Analog CM ) ( fibronectin fragment - CNP22 ( K4R ) lage , getting to chondrocytes of bone growth plates , and 
chimera ) ; binding to and activating NPR - B for cGMP signaling . In one 

( SEQ ID NO : 87 ) embodiment , CNP variants designed for reduced binding to 
GQTHSSGTQSGANQQGLSRGCFGLKLDRIGSMSGLGC plasma proteins ( e.g. , serum albumin ) are chimeras com 
( Analog CN ) ( fibrinogen fragment - CNP22 ( K4R ) 40 prising CNP22 or a variant thereof and a peptide fragment chimera ) ; from IgG . In another embodiment , CNP variants designed 

( SEQ ID NO : 88 ) for reduced binding to plasma proteins are chimeras com 
GSTGQWHSESGANOQGLSRGCFGLKLDRIGSMSGLGC prising CNP22 or CNP22 ( K4R ) and a fragment from a 
( Analog Co ) ( fibrinogen fragment - CNP22 ( K4R ) polypeptide ( e.g. , IgG , HSA , fibronectin , fibrinogen , a zinc 
chimera ) ; 45 finger - containing polypeptide , etc. ) . In yet another embodi 

ment , CNP variants designed for reduced binding to plasma 
( SEQ ID NO : 89 ) proteins comprise CNP22 or a variant thereof conjugated to 

GSSSSSSSSSGANQQGLSRGCFGLKLDRIGSMSGLGC a hydrophilic or water - soluble polymer . In one embodiment , ( Analog CP ) ( zinc finger fragment - CNP22 ( K4R ) the hydrophilic or water - soluble polymer is PEG ( or PEO ) . chimera ) . 50 In another embodiment , the hydrophilic or water - soluble 
In yet another embodiment , the CNP variants are chimera , polymer ( e.g. , PEG ) is functionalized with one or more 

or fusion proteins , comprising a CNP peptide or variant , and functional groups that impart a negative charge to the 
a cleavable peptide or protein , or peptide tag . Exemplary polymer under physiological conditions , such as , e.g , car 
cleavable proteins or peptides include , but are not limited to , boxyl , sulfate or phosphate groups , or a combination 
histidine ( e.g. , hexa - His ) tags ; TAF12 : human transcription 55 thereof . 
factor TAF12 ; KSI : ketosteroid isomerase ; MBP : maltose In any of the embodiments disclosed herein , the CNP 
binding protein ; B - Gal : B - galactosidase ; GST : glutathione variants may have substantially the same or better biological 
S - transferase ; Trx : thioredoxin ; CBD : chitin binding activity than wild - type CNP22 . For example , the CNP 
domain ; BMPM : BMP - 2 mutation , SUMO , CAT , TrpE , variants may retain at least 50 % , 60 % , 70 % , 80 % , 90 % , 95 % 
staphylococcal protein A , streptococcal proteins , starch- 60 or more of the activity of wild - type CNP22 , or may have 
binding protein , cellulose - binding domain of endoglucanase greater activity than CNP22 , e.g. , with respect to interaction 
A , cellulose - binding domain of exoglucanase Cex , biotin with NPR - B ( GC - B ) to stimulate the generation of cGMP . 
binding domain , recA , Flag , c - Myc , poly ( His ) , poly ( Arg ) , Alternatively , or in addition , the CNP variants may retain at 
poly ( Asp ) , poly ( Gln ) , poly ( Phe ) , poly ( Cys ) , green fluores least 50 % , 0 % , 70 % , 80 % , 90 % , 95 % or more of the 
cent protein , red fluorescent protein , yellow fluorescent 65 activity of wild - type CNP22 , or may have greater activity 
protein , cyan fluorescent protein , biotin , avidin , streptavidin , than CNP22 , with respect to regulating endochondral bone 
antibody epitopes , and fragments thereof . growth and chondrocyte activity , including but not limited to 

and 
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chondrocyte proliferation , chondrocyte differentiation , inhi a lysine , a serine , a cysteine or a threonine , or can be 
bition of the mitogen activated protein ( MAP ) kinase / MEK attached to the N - terminus and / or C - terminus of the CNP 
( Raf - 1 ) kinase signaling pathway , and promoting endochon variant . 
dral ossification . In any of the embodiments described In an embodiment , the CNP variants as described herein 
herein , the CNP variants may comprise an amino acid 5 have a pl in the range from about 8 to about 10.5 or from 
sequence that is at least 40 % , 50 % , 60 % , 70 % , 80 % , 90 % , about 8.5 to about 10 . 
95 % or more identical or homologous to amino acids 6-22 In a further embodiment , the disclosure provides a phar 
or 1-22 of wild - type CNP22 . maceutical composition comprising a CNP variant , option 

In a further embodiment , the disclosure provides variants ally another biologically active agent , and optionally a 
of CNP22 having less affinity to the NPR - C clearance pharmaceutically acceptable excipient , carrier or diluent . In 
receptor while retaining the ability to bind and activate some embodiments , the compositions are sterile pharmaceu 
NPR - B . The present disclosure encompasses variants that tical compositions suitable for parenteral injection . In some 
were , or can be , generated from a homology - based structural embodiments , the compositions comprise substantially pure 
model of the CNP variant , e.g. at least about 90 % or 95 % pure . In some 
NPR - B / CNP complex as described in the Detailed embodiments , the compositions contain less than about 5 % , 

Description . In another embodiment , the CNP variants have 4 % , 3 % , 2 % , 1 % or 0.5 % contaminants , such as other 
substitution ( s ) at one or more Gly sites at positions 1 , 5 , 8 , human proteins , porcine proteins , or CNP53 or fragments 
15 , 19 and 21 , to reduce conformational flexibility , which thereof ( other than the desired CNP variant ) . In certain 
may increase their specificity for binding to NPR - B over 20 embodiments , the sterile composition is administered to a 
NPR - C . Variants of CNP having potentially reduced affinity subject for treating or preventing any of the CNP - responsive 
to the NPR - C include but are not limited to those having one conditions or disorders disclosed herein . 
or more of the following substitutions : GIR , GIE , G5R , CNP variants of the disclosure advantageously retain 
G5Q , G5S , F7Y , GST , G6S , G8V , G8N , LIS , LIT , K10Cit , CNP activity and exhibit increased serum half - life . Reten 
K100 , K10S , 114N , G15R , G15S , G15N , G15Cit , S16Q , 25 tion of CNP activity can be shown , for example , as retention 
M17V , of desired in vivo biological effect , or retention of at least 
M17N , G19S , G19R , G19N , L20V , L2OR , L20T , L20S , about 50 % , 60 % , 70 % , 80 % , 90 % , 95 % or at least about 

G21S , G21T and G21R . 100 % of the cGMP stimulating activity of CNP22 , under the 
In yet another embodiment , the CNP variants have a same concentration ( e.g. , 1 uM of CNP peptide or greater 

modification and / or substitution at one or more of positions 30 than the ED80 ) . In some embodiments , CNP variants exhibit 
5 , 7 , 8 , 9 , 10 , 14 , 15 , 16 , 17 , 19 , 20 and 21 , and may at least about 1.5 - fold , 2 - fold , 3 - fold , 4 - fold , 5 - fold , 10 - fold , 
optionally have modifications and / or substitutions at any of 15 - fold , 20 - fold , 25 - fold , 30 - fold , 35 - fold or 40 - fold 
the other positions disclosed herein . In a further embodi increase in serum half - life compared to CNP22 . 
ment , the CNP variants can optionally have conjugation ( s ) In a related embodiment , the CNP variants described 
or extension ( s ) , e.g. , at the N- and / or C - terminus to facilitate 35 herein have increased NEP resistance and exhibit increased 
bone / cartilage targeting , reduce renal clearance , and / or half - life compared to wild - type CNP22 . In one embodiment , 
increase resistance to NEP degradation . Such conjugation ( s ) the half - life of the CNP variants is increased by about 20 % , 
or extension ( s ) can comprise molecules or sequences formed 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 95 % , 96 % , 97 % , 
or derived from , e.g. , polyAsp , polyGlu , bone - or cartilage 98 % , 99 % or about 100 % compared to wild - type CNP22 . 
targeting peptides , osteopontin , osteocalcin , sialoprotein , 40 In certain embodiments , the CNP variants described 
PEGs , carbohydrates , hydrophobic acids , NPPC or non herein increase cGMP production in vitro , increase cGMP 
CNP ( poly ) peptides , or combinations thereof . production in vivo , increase in vivo the level of one or more 

In still another embodiment , the CNP variants are pre biomarkers associated with cartilage or bone formation or 
pared by standard solid - phase peptide synthesis methods growth , increase resistance to NEP cleavage in vitro , 
with natural or unnatural amino acid ( s ) or peptidomimetic ( s ) 45 increase plasma or serum half - life in vivo , increase bioavail 
being substituted and / or added where appropriate . In another ability in vivo , or increase the length of particular bones in 
embodiment , the CNP variants are produced by recombinant vivo , or effect combinations of such increases , by about 
synthesis processes , e.g. , via fusion proteins containing a tag 1.5 - fold , about 2 - fold , about 2.5 - fold , about 3 - fold , about 
or carrier protein , wherein use of the tag or carrier protein 3.5 - fold , about 4 - fold , about 4.5 - fold , or about 5 - fold or 
facilitates , e.g. , detection , isolation and / or purification of the 50 more compared to wild - type CNP22 . 
fusion protein , and selective chemical or proteolytic cleav In yet another embodiment , the disclosure provides meth 
age of the tag or carrier protein from the fusion protein ods of treating conditions or disorders responsive to CNP , 
provides the target CNP variant . In a further embodiment , comprising administering a therapeutically effective amount 
PEGylation of the CNP variants occurs following , or part of , of a CNP variant or a composition comprising the same to 
chemical or biological synthesis with the conjugation reac- 55 a subject in need thereof . In one embodiment , disorders 
tion being performed by NHS - or aldehyde - based chemistry responsive to CNP are disorders of bone growth , including 
or other chemistry known in the art . In another embodiment , but not limited to skeletal dysplasias and inherited skeletal 
the CNP variants comprise a disulfide bond . In a related malformations such as disorders associated with fibroblast 
embodiment , the disulfide bond forms a cyclic peptide . In a growth factor receptor 3 ( FGFR - 3 ) mutations . In a specific 
particular embodiment , the disulfide bond is formed 60 embodiment , the disorder associated with FGFR - 3 
between cysteine residues at positions corresponding to mutation ( s ) is achondroplasia . In another embodiment , the 
positions 6 and 22 of CNP22 . disorders responsive to CNP are disorders associated with 

It is further contemplated that the CNP variants can be vascular smooth muscle cells and tissues . In a further 
conjugated to a hydrophobic polymeric or non - polymeric embodiment , the CNP variants are useful for increasing the 
moiety , such as , e.g. , heptanoic acid , pentanoic acid , or fatty 65 size of the growth plate of a bone ( e.g. , a limb bone ) . In 
acids . The hydrophobic moiety can be conjugated to the side another embodiment , the CNP variants are useful for elon 
chain of an amino acid residue , including but not limited to gating a bone or increasing long bone growth . In still another 
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embodiment , the CNP variants are useful for enhancing level of a biomarker decreases in association with bone or 
matrix production , proliferation and differentiation of chon cartilage formation or growth , a decrease in the level of that 
drocytes . biomarker indicates a therapeutic effect of the CNP peptide 

In certain embodiments , the CNP variants described or variant on the subject . 
herein are administered at a dose in the range from about 5 5 In further embodiments , the therapeutic method further 
or 10 nmol / kg to about 300 nmol / kg , or from about 20 comprises adjusting the amount ( or dose ) or frequency of 
nmol / kg to about 200 nmol / kg . In some embodiments , the administration of the CNP peptide or variant , wherein : 
CNP variants are administered at a dose of about 5 , 10 , 15 , ( i ) the amount ( or dose ) or frequency of administration of 
20 , 25 , 30 , 35 , 40 , 45 , 50 , 55 , 60 , 65 , 70 , 75 , 80 , 85 , 90 , 95 , the CNP peptide or variant is increased if the level of 
100 , 125 , 150 , 175 , 200 , 210 , 220 , 230 , 240 , 250 , 260 , 270 , 10 the at least one bone - or cartilage - associated biomarker 
280 , 290 , 300 , 350 , 400 , 450 , 500 , 750 , 1000 , 1250 , 1500 , is below a target level , where the level of the biomarker 
1750 or 2000 nmol / kg or other dose deemed appropriate by increases in association with bone or cartilage forma 
the treating physician . In other embodiments , the CNP tion or growth ; or 
variants are administered at a dose of about 5 , 10 , 20 , 30 , 40 , ( ii ) the amount ( or dose ) or frequency of administration of 
50 , 60 , 70 , 80 , 90 , 100 , 110 , 120 , 130 , 140 , 150 , 160 , 170 , 15 the CNP peptide or variant is decreased if the level of 
180 , 190 , 200 , 250 , 300 , 350 , 400 , 450 , 500 , 550 , 600 , 650 , the at least one bone - or cartilage - associated biomarker 
700 , 750 or 800 ug / kg , or about 1 mg / kg , 1.25 mg / kg , 1.5 is above a target level , where the level of the biomarker 
mg / kg , 2 mg / kg or other dose deemed appropriate by the increases in association with bone or cartilage forma 
treating physician . The doses of CNP variants described tion or growth ; or 
herein can be administered according to the dosing fre- 20 ( iii ) the amount ( or dose ) or frequency of administration 
quency / frequency of administration described herein , of the CNP peptide or variant is increased if the level 
including without limitation daily , 2 or 3 times per week , of the at least one bone- or cartilage - associated bio 
weekly , every 2 weeks , every 3 weeks , monthly , etc. marker is above a target level , where the level of the 

In another embodiment , the CNP variants are adminis biomarker decreases in association with bone or carti 
tered in a single treatment or in multiple doses . The multiple 25 lage formation or growth ; or 
doses may be administered daily , or in multiple doses over ( iv ) the amount ( or dose ) or frequency of administration 
the course of treatment . In certain embodiments , it is con of the CNP peptide or variant is decreased if the level 
templated that the CNP variant is administered , in a single of the at least one bone- or cartilage - associated bio 
dose or in multiple doses , daily , every other day , every 3 marker is below a target level , where the level of the 
days , 2 times per week , 3 times per week , weekly , bi - weekly , 30 biomarker decreases in association with bone or carti 
every 3 weeks , monthly , every 6 weeks , every 2 months , lage formation or growth . 
every 3 months or as deemed appropriate by a treating It is contemplated that the target level of a biomarker refers 
physician . to the level or range of levels of the biomarker that is 

In certain embodiments , administration of the CNP vari associated with therapeutic effect in the subject and / or 
ant is adjusted to allow for periods of growth ( e.g. , chon- 35 beneficial effect in alleviating or ameliorating symptoms of 
drogenesis ) , followed by a recovery period ( e.g. , osteogen the disorder or condition . In certain embodiments , a level of 
esis ) . For example , the CNP variant may be administered a biomarker above or below a target level may be deleterious 
subcutaneously , intravenously , or by another mode daily or to the subject . 
multiple times per week for a period of time , followed by a In other embodiments , the disclosure contemplates a 
period of no treatment , then the cycle is repeated . In some 40 method for assessing the effect of administration of a CNP 
embodiments , the initial period of treatment ( e.g. , adminis peptide or variant on bone or cartilage formation or growth . 
tration of the CNP variant daily or multiple times per week ) In one embodiment , the method provides for assaying or 
is for 3 days , 1 week , 2 weeks , 3 weeks , 4 weeks , 5 weeks , measuring the level of at least one bone- or cartilage 
6 weeks , 7 weeks , 8 weeks , 9 weeks , 10 weeks , 11 weeks or associated biomarker in a subject that has been administered 
12 weeks . In a related embodiment , the period of no treat- 45 a CNP peptide or variant in order to assess the effect of the 
ment lasts for 3 days , 1 week , 2 weeks , 3 weeks or 4 weeks . CNP peptide or variant on bone and cartilage formation and 
In certain embodiments , the dosing regimen of the CNP growth in vivo . In a related embodiment , an increase in the 
variant is daily for 3 days followed by 3 days off ; or daily level of the at least one bone- or cartilage - associated bio 
or multiple times per week for 1 week followed by 3 days marker may indicate that administration of a CNP peptide or 
or 1 week off ; or daily or multiple times per week for 2 50 variant has a positive effect on bone or cartilage formation 
weeks followed by 1 or 2 weeks off ; or daily or multiple or growth and is a useful treatment for skeletal dysplasias 
times per week for 3 weeks followed by 1 , 2 or 3 weeks off ; and other bone- or cartilage - related diseases or disorders 
or daily or multiple times per week for 4 , 5 , 6 , 7 , 8 , 9 , 10 , associated with decreased CNP activity . Exemplary bone - or 
11 or 12 weeks followed by 1 , 2 , 3 or 4 weeks off . cartilage - associated biomarkers include , but are not limited 

In additional embodiments , the disclosure provides a 55 to , CNP ( e.g , endogenous level of CNP - 22 or CNP - 53 ) , 
method of treating a CNP - responsive condition or disorder , CGMP , osteocalcin , proliferating cell nuclear antigen 
comprising administering a CNP peptide or variant to a ( PCNA ) , propeptides of type I procollagen ( PINP ) and 
subject , and monitoring the level of at least one bone- or fragments thereof , collagen type I and fragments thereof , 
cartilage - associated biomarker in the subject ( e.g. , in a propeptides of collagen type II and fragments thereof , col 
biological sample from the subject ) , wherein an increase or 60 lagen type II and fragments thereof , aggrecan chondroitin 
decrease in the level of the bone- or cartilage - associated sulfate , and alkaline phosphatase . 
biomarker indicates a therapeutic effect of the CNP peptide In further embodiments , the disclosure contemplates a 
or variant on the subject . In some embodiments , when the method for assessing the effect of a CNP peptide or variant 
level of a biomarker increases in association with bone or on the level of at least one bone- or cartilage - associated 
cartilage formation or growth , an increase in the level of that 65 biomarker in a subject , comprising assaying or measuring 
biomarker indicates a therapeutic effect of the CNP peptide the level of the bone- or cartilage - associated biomarker in a 
or variant on the subject . In other embodiments , when the biological sample from a subject that has been administered 
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a CNP peptide or variant . In some embodiments , the method In one embodiment , the disclosure provides a bacterial 
further comprises administering the CNP peptide or variant host cell comprising an expression vector , said vector com 
to the subject before assaying or measuring the level of the prising a polynucleotide encoding a CNP variant peptide 
bone- or cartilage - associated biomarker . linked to a polynucleotide encoding a cleavable peptide or 

In certain embodiments , the at least one bone- or carti- 5 protein . In some embodiments , the cleavable peptide or 
lage - associated biomarker is selected from the group con protein is selected from the group consisting of a histidine sisting of CNP ( e.g , endogenous level of CNP - 22 or CNP tag , human transcription factor TAF12 , ketosteroid 53 ) , cGMP , propeptides of collagen type II and fragments isomerase , maltose - binding protein , B - galactosidase , gluta thereof , collagen type II and fragments thereof , osteocalcin , 
proliferating cell nuclear antigen ( PCNA ) , propeptides of 10 and BMP - 2 mutation , or fragments thereof . thione - S - transferase , thioredoxin , chitin binding domain , 
type I procollagen ( PINP ) and fragments thereof , collagen In another embodiment , the host cell is a bacteria , such as type I and fragments thereof , aggrecan chondroitin sulfate , 
and alkaline phosphatase . E. coli . In a related embodiment , the E. coli cell is selected 

In some embodiments of methods ( e.g. , therapeutic , diag from the group consisting of BL21 ( DE3 ) , BL21 ( DE3 ) PL 
nostic and assay methods ) relating to bone- or cartilage- 15 ysS , BL21 ( DE3 ) pGro7 , ArcticExpress ( DE3 ) , C41 [ also 
associated biomarkers , the CNP peptide or variant is CNP called C41 ( DE3 ) ] , C43 [ also called C43 ( DE3 ) ] , Origami 
22 , CNP - 53 , or any of the CNP peptides and variants B ( DE3 ) , Origami B ( DE3 ) pLysS , KRX , and Tuner ( DE3 ) . In 
described herein . In certain embodiments of such methods , still a further embodiment , the host cell comprises a vector 
the CNP peptide or variant is not CNP - 22 or CNP - 53 . as described above . In some embodiments , the host cell is 

In other embodiments , the disclosure provides a method 20 transformed with the vector prior to cell culture . 
for recombinant production of a CNP variant , comprising In certain embodiments , it is contemplated that the host 
culturing in a medium a host cell comprising a polynucle cell is cultured in a medium under conditions suitable for 
otide encoding a CNP variant peptide linked to a polynucle expression of a fusion polypeptide encoded by the poly 
otide encoding a cleavable peptide or protein , under condi nucleotides . In one embodiment , the fusion polypeptide is 
tions that result in expression of a fusion polypeptide 25 expressed as a soluble protein or as inclusion body . In a 
encoded by the polynucleotides . In a related embodiment , related embodiment , the expressed fusion polypeptide is 
the host cell is transformed with an expression vector isolated from the host cell or culture medium . In still another 
comprising a polynucleotide encoding a CNP variant pep embodiment , the isolated fusion polypeptide is contacted 
tide linked to a polynucleotide encoding a cleavable peptide with a cleaving agent as described herein . 
or protein . 

In one embodiment , the vector is a plasmid . In still BRIEF DESCRIPTION OF THE FIGURES 
another embodiment , the plasmid is selected from the group 
consisting of pET - 21a , pJexpress , PET - 31b , pET - 15b , PET FIG . 1 shows expression of CNP fusion proteins in E. coli 
32a , PET - 41a , pMAL , PQE - 30 , PET - SUMO , PET - 22b , and ( FIG . 1A : Coomassie blue stain , FIG . 1B : Western blot ) . M : 
pTYB11 . 35 protein marker ; T : total cell lysates ; S : soluble supernatants ; 

In certain embodiments , the cleavable peptide or protein P : 2 ug CNP22 ; KSI : KSI - CNP ( M / N ) fusion protein expres 
comprises a polypeptide that is selected from the group sion ( insoluble ) ; N : Un - induced KSI - CNP fusion protein 
consisting of a histidine tag , human transcription factor total lysates ; KSI ' : KSI - P - CNP fusion protein expression 
TAF12 , ketosteroid isomerase , maltose - binding protein , ( insoluble ) ; Trx : Trx - P - CNP fusion protein expression 
B - galactosidase , glutathione - S - transferase , thioredoxin , chi- 40 ( soluble ) ; MBP : MBP - P - CNP fusion protein expression 
tin binding domain , and BMP - 2 mutation , or fragments ( soluble ) ; TAF : TAF - P - CNP fusion protein expression ( in 
thereof soluble ) ( BL21 ) ; TAF ' : TAF - P - CNP fusion protein expres 

In a related embodiment , the cleavable peptide or protein sion ( insoluble ) BL21 ( DE3 ) , where CNP is Gly - CNP37 . 
is cleaved by a cleaving agent . In some embodiments , the FIG . 2 shows formic acid cleavage of TAF - CNP inclusion 
cleaving agent is selected from the group consisting of 45 bodies . M : protein marker ; 1 : Gly - CNP37 positive control ; 
formic acid , cyanogen bromide ( CNBr ) , hydroxylamine , 2 : uncleaved TAF - CNP inclusion bodies ; 3 : 2 % formic acid 
protein self cleavage , Factor Xa , enterokinase , ProTEV , and cleaved TAF - CNP inclusion bodies , where CNP is Gly 
SUMO protease . Additional exemplary cleaving agents CNP37 . 
include , but are not limited to , palladium , clostripain , throm FIGS . 3A - E depict expression of CNP fusion proteins in 
bin , chymotrypsin , trypsin , trypsin - like proteases , carboxy- 50 E. coli . M : protein marker ; Tu : total un - induced cell lysates ; 
peptidase , enteropeptidase , Kex 2 protease , Omp T protease , Su : un - induced soluble supernatants ; T : total induced cell 
subtilisin , V8 protease , HIV protease , rhinovirus protease , lysates ; S : soluble supernatants ; Cl : CNP22 ; C : Gly 
furilisin protease , IgA proteases , human Pace protease , col wtCNP37 ( “ CNP38 " ) ; P : insoluble pellets . A : KSI : KSI 
lagenase , Nia protease , poliovirus 2Apro protease , poliovi CNP38 ( M / N ) fusion protein expression ( Insoluble ) ; KSI ' : 
rus 3C protease , genenase , furin , elastase , Proteinase K , 55 KSI - Pro - CNP38 ( Pro - Gly - wtCNP37 is designated “ Pro 
pepsin , rennin ( chymosin ) , microbial aspartic proteases , CNP38 " ) fusion protein expression ( Insoluble ) ; Trx : Trx 
papain , calpain , chymopapain , ficin ( ficain ) , bromelain ( bro Pro - CNP38 fusion expression ( Soluble ) ; MBP : MBP - Pro 
melase ) , cathespisin B , caspases , thermolysin , Endoprotease CNP38 fusion protein expression ( Soluble ) ; TAF : TAF - Pro 
Arg - C , Endoprotease Glu - C , Endoprotease Lys - C , kal CNP38 fusion protein expression ( Insoluble ) from BL21 
likrein , and plasmin . 60 cell ; TAF ' : TAF - Pro - CNP38 fusion protein expression ( In 

In certain embodiments , the fusion polypeptide is soluble ) from BL21 ( DE3 ) cell . B : TAF - Pro - CNP37 and 
expressed as a soluble protein or as an inclusion body . In a BMP - Pro - CNP37 fusion protein expression . C : BMP - Pro 
related embodiment , the disclosure contemplates isolating CNP38 fusion protein and BMP protein expression . D : 
the expressed fusion polypeptide from the host cell or TAF - Pro - HSA - CNP ( “ Pro - GH - KSEVAHRFK - wtCNP27 
culture medium . In a further embodiment , the isolated fusion 65 ( SEQ ID NO : 188 ) is designated “ Pro - HSA - CNP ” ) fusion 
polypeptide is contacted with a cleaving agent as described protein expression . E : TAF - Pro - CNP38 fusion protein and 
herein . TAF protein expression . 
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FIGS . 4A - C depict formic acid cleavage of TAF - Pro CNP37 . M : protein marker ; P : positive control [ Gly - CNP37 
CNP38 inclusion bodies . A : 50 % formic acid cleavage of ( “ CNP38 ” ) ] ; U : uncleaved ; C : cleaved ; CS : cleaved super 
TAF - Pro - CNP38 inclusion bodies . M : protein marker ; U : natant ; CP : cleaved pellet . 
un - cleaved TAF - Pro - CNP38 inclusion bodies ; 25 ° C. , 37 ° FIG . 14 is a Western blot , using an anti - CNP antibody , of 
C. , 42 ° C. , 55 ° C .: TAF - Pro - CNP38 inclusion bodies were a TAF - Pro - CNP38 fusion protein produced in a 10 L fer 
cleaved in 50 % formic acid at 25 ° C. , 37 ° C. , 42 ° C. or 55 ° men - tation of BL21 ( DE3 ) cells , where the cells were 
C. for 24 hours . 37 ° C. - S and 55 ° C. - S : soluble supernatants induced at OD600 = 64 and hour 17 and “ Pro - CNP38 ” denotes 
from the cleavage reactions at 37 ° C. and 55 ° C. neutralized Pro - Gly - CNP37 . 
with 10N NaOH and centrifuged at 14,000 rpm for 15 FIG . 15 is an SDS - PAGE ( Coomassie blue stain ) of eluate 
minutes . B : 10 % and 2 % formic acid cleavage of TAF - Pro- 10 fractions from SP - Sepharose cation - exchange column chro 
CNP38 inclusion bodies . M : protein marker ; U : un - cleaved matography of a cruder Pro - Gly - CNP37 ( “ Pro - CNP38 " ) 

product . A : TAF - Pro - CNP38 inclusion body ( IB ) in water ; TAF - Pro - CNP38 inclusion bodies ; C : formic acid cleaved B : IB in formate ; C : IB in formate , neutralized ; D : neutral TAF - Pro - CNP38 ; S : soluble supernatant after centrifuged at ized pellet ; E : neutralized supernatant ; F : TMAE HI - CAP 
14,000 rpm for 5 minutes without neutralization ; P : 15 load ; G : TMAE HI - CAP flow through / SP - Sepharose load ; insoluble pellet after centrifuged at 14,000 rpm for 5 minutes H : SP - Sepharose flow through ; SP - Sepharose eluate frac 
without neutralization . C : LC / MS analysis of 2 % and 10 % tions 1-47 : 10 L / lane . 
formic acid cleaved products from TAF - Pro - CNP38 inclu FIG . 16 shows the degree of resistance of N - terminal 
sion bodies . PEGylated CNP22 conjugates to neutral endopeptidase 
FIGS . 5A - C depict formic acid cleavage of TAF - Pro- 20 ( NEP ) in vitro . 

CNP38 inclusion bodies at different temperature and time of FIG . 17 depicts the degree of NEP resistance of CNP 
formic acid cleavage . M : protein marker ; C : Gly - wtCNP37 variants having an amino acid extension at the N - terminus 
( “ CNP38 " ) positive control ; U : un - cleaved TAF - Pro - CNP38 [ “ CNP27 " is GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) ] . 
inclusion bodies . A : 2 % formic acid cleaved TAF - Pro FIG . 18 illustrates the degree of NEP resistance of N - ter 
CNP38 at 42 ° C. , 55 ° C. or 70 ° C. for 6 , 24 or 48 hours . B : 25 minal PEGylated CNP17 and GANRR - CNP22 ( K4R ) 
2 % formic acid cleaved TAF - Pro - CNP38 at 55 ° C. , 60 ° C. , ( “ CNP27 " ) ( SEQ ID NO : 36 ) . 
65 ° C. or 70 ° C. for 17 or 24 hours . C : LC / MS analysis of FIG . 19 illustrates the degree of NEP resistance of 
2 % formic acid cleaved products from TAF - Pro - CNP38 wtCNP22 and CNP variants Gly - CNP37 , GHKSEVAH 
inclusion bodies . RFK - wtCNP27 ( “ CNP27 - HSA ” in the figures ) ( SEQ ID 
FIG . 6 is an SDS - PAGE ( Coomassie blue stain ) for the 30 NO : 144 ) and PEO12 - GANRR - CNP22 ( K4R ) ( “ CNP27 

expression of a TAF - CNP34 fusion protein . M : protein PEO12 ” in the figures ) ( SEQ ID NO : 36 ) . 
marker ; C : control [ Gly - CNP37 ( " CNP38 " ' ) ) ; T : total cell FIG . 20 shows the ability of CNP variants having an 
lysates ; S : supernatant ; TI : total cell lysates induced ; SI : N - terminal amino acid extension to stimulate cGMP pro 
supernatant induced . duction in NIH3T3 cells in vitro . The results are relative to 
FIG . 7 is an SDS - PAGE ( Coomassie blue stain ) for the 35 the level of cGMP produced in the presence of 1 uM CNP22 . 

expression of fusion proteins TAF - NL- ( CIA & 6D / 6E ) -Pro “ CNP27 ” is GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) 
CNP38 , TAF ( C / A & 10D / 10E ) -Pro - CNP38 , and TAF - Pro FIG . 21 displays the ability of N - terminal PEGylated 
CNP53 , where “ Pro - CNP38 ” denotes Pro - Gly - CNP37 . M : CNP17 and GANRR - CNP22 ( K4R ) ( “ CNP27 ” ) ( SEQ ID 
protein marker ; C : control [ Gly - CNP37 ( “ CNP38 ” ) ] ; T : total NO : 36 ) to stimulate cGMP production in NIH3T3 cells . 
cell lysates ; TI : total cell lysates induced ; S : supernatant ; SI : 40 FIG . 22 illustrates the effects of N - terminal PEGylation of 
supernatant induced . CNP22 on cGMP production . 
FIG . 8 is an SDS - PAGE ( Coomassie blue stain ) of the FIG . 23 illustrates the cGMP production induced by 

products of formic acid cleavage of the fusion proteins wtCNP22 and CNP variants Gly - CNP37 , GHKSEVAHRF 
TAF - CNP34 and TAF - Pro - CNP53 . M : protein marker ; P : KwtCNP27 ( “ CNP27 - HSA ” ) ( SEQ ID NO : 144 ) , wtCNP29 
positive control [ Gly - CNP37 ( “ CNP38 % ) ] ; U : uncleaved ; C : 45 and PEO12 - GANRR - CNP22 ( K4R ) ( “ CNP27 - PEO12 ” ) 
cleaved ; CS : cleaved supernatant ; CP : cleaved pellet . ( SEQ ID NO : 36 ) in NIH3T3 cells . 
FIG . 9 is an LC / MS chromatogram showing the peak for FIGS . 24A and B show that CNP - 22 and Pro - Gly - CNP37 

CNP - 34 after formic acid cleavage of TAF - CNP34 . ( “ Pro - CNP38 " ) stimulated cGMP production through 
FIG . 10 is an LC / MS chromatogram showing the peak for NPR - B with similar dose - response curves , and to a much 

Pro - CNP53 after formic acid cleavage of TAF - Pro - CNP53 . 50 greater extent than through NPR - A , and exhibited a similar 
FIG . 11 is an SDS - PAGE ( Coomassie blue stain ) for the profile for NPR - B vs. NPR - C selectivity in in vitro signaling 

expression of fusion proteins TAF ( CIA & 4D / 4E ) -Pro competition assays . 
CNP38 and TAF ( 4D / 4E ) -Pro - CNP38 , where “ Pro - CNP38 " FIG . 25 demonstrates that exposure of rat chondrosar 
denotes Pro - Gly - CNP37 . M : protein marker ; C : control coma cells to CNP22 1 hour once daily or 2 hours once daily 
[ Gly - CNP37 ( “ CNP38 ” ) ] ; T : total cell lysates ; TI : total cell 55 has substantially similar effectiveness in reversing FGF2 
lysates induced ; S : supernatant ; SI : supernatant induced . induced arrest of chondrocyte growth as continuous expo 
FIG . 12 is an SDS - PAGE ( Coomassie blue stain ) of the sure to CNP22 . 

products of formic acid cleavage of the fusion proteins TAF FIGS . 26A and B show results from a dose response study 
( 4D / 4E ) -Pro - CNP38 and TAF ( CIA & 4D / 4E ) -Pro - CNP38 , of CNP22 effects on FGF2 - arrested rat chondrosarcoma 
where “ Pro - CNP38 ” denotes Pro - Gly - CNP37 . M : protein 60 ( RCS ) cells . 
marker ; P : positive control [ Gly - CNP37 ( " CNP38 " ' ) ) ; U : FIGS . 27A - D show that addition of CNP22 to RCS cells 
uncleaved ; C : cleaved ; CS : cleaved supernatant ; CP : cleaved arrested by FGF2 increases matrix synthesis and partly 
pellet . inhibits FGF2 , as assessed by 35S - sulfate and H - Pro incor 
FIG . 13 is an SDS - PAGE ( Coomassie blue stain ) of the poration into or decrease from matrix . Panels A and C , 

products of formic acid cleavage of the fusion proteins 65 synthesis ; B and D , degradation ; A and B , 35S measurement ; 
TAF - NL- ( C / A & 6D / 6E ) -Pro - CNP38 and TAF ( C / A & 10D / C and D , PH measurement . Statistically significant differ 
10E ) -Pro - CNP38 , where “ Pro - CNP38 " denotes Pro - Gly ences are highlighted ( ANOVA ; * p < 0.05 , ** p < 0.01 ) . 
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FIGS . 28A - C show the levels of aggrecan and fibronectin FIG . 41 depicts CGMP levels in conditioned media from 
production ( mRNA , panels A and C , and protein , panel B ) wild - type mouse tibias treated ex vivo with CNP22 , CNP37 
in RCS cells cultured with FGF2 and CNP22 . or PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) 
FIG . 29 shows the efficacy of CNP37 and PEO24 ( p < 0.01 ) . 

GANRR - CNP22 ( K4R ) ( “ CNP27 - PEO24 ” in the figures ) 5 FIG . 42 shows cGMP levels in conditioned media from 
( SEQ ID NO : 36 ) in stimulating longitudinal growth of FGFR3ach mouse tibias treated ex vivo with CNP22 , CNP37 
wild - type femur in an ex vivo mouse organ model . or PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) 
FIG . 30 shows longitudinal bone growth of 2-3 day - old ( p < 0.01 ) . 

wild - type mouse tibias treated with CNP22 , CNP37 or FIG . 43 demonstrates that ex vivo exposure of wild - type 
PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) every two 10 and FGFR3ach mouse femurs to CNP22 , CNP37 or PEO24 
days . Results are normalized to measurements prior to GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) increased the 
treatment ( day 0 ) . Data is represented as means + SEM ( n = 8 ) . levels of cleaved collagen type II in the conditioned media 
FIG . 31 shows longitudinal bone growth of 2-3 day old ( p < 0.05 ) . 

achondroplastic FGFR3ach mouse tibias treated with FIG . 44 depicts the hypertrophic region of femoral bones 
CNP22 , CNP37 or PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID 15 isolated from wild - type mice and FGFR3 13670 mice ( a 
NO : 36 ) every two days . Results are normalized to mea mouse model of severe achondroplasia ) and treated ex vivo 
surements prior to treatment ( day 0 ) . Data is represented as with vehicle or 1 uM Pro - Gly - CNP37 ( “ ProCNP38 ” ) for 6 
means : SEM ( n = 7-8 ) . days , demonstrating that Pro - Gly - CNP37 treatment resulted 
FIG . 32 shows longitudinal bone growth of 2-3 day - old in increase in bone growth and expansion in the growth 

wild - type mouse femurs treated with CNP22 , CNP37 or 20 plate . 
PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) every two FIG . 45 shows that CNP37 and PEO24 - GANRR - CNP22 
days . Results are normalized to measurements prior to ( K4R ) ( SEQ ID NO : 36 ) intravenously ( i.v. ) administered to 
treatment ( day 0 ) . Data is represented as means : SEM ( n = 8 ) . rats have a much longer half - life and a much greater 
FIG . 33 shows longitudinal bone growth of 2-3 day - old bioavailability in the plasma than CNP22 . 

FGFR3ach mouse femurs treated with CNP22 , CNP37 or 25 FIG . 46 illustrates that PEO24 - GANRR - CNP22 ( K4R ) 
PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) every two ( SEQ ID NO : 36 ) subcutaneously ( s.c. ) administered to rats 
days . Results are normalized to measurements prior to also has a much longer half - life and a much greater bio 
treatment ( day ( ) . Data is represented as means : SEM ( n = 3 availability in the plasma than CNP22 . 

FIG . 47 demonstrates that i.v. administered CNP37 and 
FIGS . 34A - I depict CNP37 biodistribution in FGFR3ach 30 PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) stimulate 

mouse femurs treated ex vivo every two days . Panels A - C a much greater level of cGMP production in rats than 
illustrate distribution in distal femurs , panels D - F illustrate CNP22 . 
distribution in articular chondrocytes and panels G - I illus FIG . 48 shows that s.c. administered PEO24 - GANRR 
trate distribution in hypertrophic chondrocytes . CNP22 ( K4R ) ( SEQ ID NO : 36 ) and , to a lesser extent , 

FIGS . 35A - C depict the cellularity of proliferating col- 35 CNP37 are substantially more effective in stimulating cGMP 
umns in growth plates after treatment of wild - type and production in rats than CNP22 . 
FGFR3ach mouse femurs with CNP22 or CNP37 every two FIG . 49 shows body weight measurements of wild - type 
days for 8 days . ( A ) no treatment , ( B ) cell numbers per mice treated with Gly - CNP37 or PEO12 - GANRR - CNP22 
column after treatment , ( C ) morphological studies after ( K4R ) ( SEQ ID NO : 36 ) . 
treatment . The panels in FIGS . 35C ( i ) to C ( vi ) . correspond 40 FIG . 50 shows tail length measurements of wild - type 
to the sample order set out in FIG . 35B . Data is represented mice treated with Gly - CNP37 or PEO12 - GANRR - CNP22 
as means + SEM ( n = 4-8 ) . ( K4R ) ( SEQ ID NO : 36 ) . 
FIGS . 36A - C depict chondrocyte hypertrophy after ex FIG . 51 illustrates the effect of treatment of FGFR3ach 

vivo treatment of wild - type and FGFR3ach mouse femurs mice with CNP22 , CNP37 or PEO24 - GANRR - CNP22 
with CNP22 or CNP37 every two days for 8 days . ( A ) no 45 ( K4R ) ( SEQ ID NO : 36 ) on body length ( p = 0.02 , 1 - tailed 
treatment , ( B ) cell size after treatment , ( C ) morphological t - test , unequal variance ) . 
studies after treatment . The panels in FIGS . 36C ( i ) to C ( vi ) FIG . 52 shows the effect of CNP22 , CNP37 and PEO24 
correspond to the sample order set out in FIG . 36B . Data is GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) on tail length in 
represented as means + SEM ( n = 4-9 ) . FGFR3ach mice . 

FIGS . 37A - I depict the biodistribution of CNP37 in 50 FIGS . 53A and B show the effect of CNP22 , CNP37 and 
FGFR3ach mouse tibias treated in vivo . Panels A - C show PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) on the 
distribution in distal femurs , panels D - F illustrate distribu length of distal long bones ( A , ulna ; B , tibia ) in FGFR3ach 
tion in articular chondrocytes and panels G - I illustrate mice ( p < 0.01 , one - tailed t - test , unequal variance ) . 
distribution in hypertrophic chondrocytes . FIGS . 54A and B show the effect of CNP22 , CNP37 and 
FIGS . 38A - C illustrate the in vivo effects of CNP37 on 55 PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) on the 

FGFR3ach mouse tibia growth plate : ( A ) total growth plate length of proximal bones ( A , humerus ; B , femur ) in 
thickness , ( B ) proliferating zone thickness , and ( C ) hyper FGFR3ach mice ( p < 0.01 , one - tailed t - test , unequal variance ) . 
trophic zone thickness . Data is represented as means : SEM FIG . 55 illustrates that CNP37 administration corrects 
( n = 7-15 ) . rhizomelia ( disproportion of the length of the proximal 
FIG . 39 shows cGMP levels in conditioned media from 60 limbs ) as assessed by the femur : tibia ratio observed in 

wild - type mouse femurs treated ex vivo with CNP22 , FGFR3ach mice ( p < 0.01 , one - tailed t - test , unequal variance ) . 
CNP37 PEO24 - GANRR - CNP22 ( K4R ) ( “ CNP27 FIG . 56 shows the effect of CNP22 , CNP37 and PEO24 
PEO24 ” ) ( SEQ ID NO : 36 ) ( p < 0.01 ) . GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) on head length in 
FIG . 40 shows CGMP levels in conditioned media from FGFR3ach mice ( p < 0.01 one - tailed t - test , unequal variance ) . 

FGFR3ach mouse femurs treated ex vivo with CNP22 , 65 FIG . 57 shows that treatment of FGFR3ach mice with 
CNP37 or PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) CNP37 increases the size of the external auditory meatus 
( p < 0.01 ) . ( EAM ) ( P = 0.03 , one - tailed t - test , unequal variance ) . 

or 
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FIG . 58 shows the effect of CNP22 , CNP37 and PEO24 lengths ( FIGS . 78A and B ) , increased leg length ( FIG . 79 ) , 
GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) on spinal length in increased arm length ( FIG . 80 ) , increased body length ( FIG . 
achondroplasic mice , expressed as extension of vertebral 81 ) , and increased the serum level of alkaline phosphatase 
bodies ( e.g. , lumbar vertebra 5 ) . ( FIG . 82 ) . 
FIG . 59 shows that treatment of FGFR3ach mice with 5 FIG . 83 depicts the observed plot of degradation rate 

CNP37 or PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) constant ( Kobs ) vs. pH at pH 3-8 and 5 ° C. , 25º C. and 40 ° 
results in increased cGMP plasma levels 15 - min post - dose . C. for Gly - CNP37 formulations . 
FIG . 60 illustrates the serum levels of cleaved collagen 

type II in FGFR3ach mice treated 5 weeks with CNP22 , DETAILED DESCRIPTION OF THE 
CNP37 or PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 10 DISCLOSURE 
36 ) . 
FIG . 61 shows the serum levels of osteocalcin in The present disclosure relates to novel variants of CNP 

FGFR3ach mice treated 5 weeks with CNP22 , CNP37 or having reduced affinity to NEP and / or NPR - C , and reduced 
PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) . susceptibility to cleavage by NEP and / or clearance by NPR 
FIG . 62 shows cGMP plasma levels 15 - min post - dose 15 C , pharmaceutical compositions comprising such CNP vari 

from wild - type mice treated with Gly - CNP37 or PEO12 ants , and methods of using such 
GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) ( p < 0.05 ) . CNP variants to treat disorders responsive to CNP , includ 
FIG . 63 shows the serum levels of cleaved collagen type ing but not limited to bone - related disorders such as achon 

II in wild - type mice treated 5 weeks with Gly - CNP37 or droplasia and disorders associated with vascular smooth 
PEO12 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) . 20 muscle cells and tissues . 
FIGS . 64-66 display the levels of cGMP , cleaved collagen 

type II and alkaline phosphatase after administration of A. Definitions 
vehicle or 20 nmol / kg or 70 nmol / kg Pro - Gly - CNP37 ( “ Pro 
CNP38 " ' ) to wild - type mice . Unless otherwise stated , the following terms used in this 

FIGS . 67 and 68 depict cleaved collagen type II and total 25 application , including the specification and claims , have the 
alkaline phosphatase levels after administration of vehicle or definitions given below . 
Pro - Gly - CNP37 ( “ Pro - CNP38 ” ) under different dosing regi As used in the specification and the appended claims , the 

indefinite articles " a " and " an " and the definite article " the " 
FIG . 69 illustrates the relative increase in body length of include plural as well as singular referents unless the context 

Pro - Gly - CNP37 ( “ Pro - CNP38 ” ) and vehicle treated animals 30 clearly dictates otherwise . 
in two separate studies ( S1 and S2 ) at Day 37 vs Day 1 . The term “ about ” or “ approximately ” means an accept 
FIGS . 70A and B show changes in bone mineral density able error for a particular value as determined by one of 

( A ) and bone mineral con ( B ) after administration of ordinary skill in the art , which depends in part on how the 
Pro - Gly - CNP37 ( “ Pro - CNP38 " ) . value is measured or determined . In certain embodiments , 
FIG . 71 shows plasma cGMP levels 15 min after the last 35 the term “ about ” or “ approximately ” means within 1 , 2 , 3 , 

subcutaneous dose of CNP variant , Day 36 , where Gly or 4 standard deviations . In certain embodiments , the term 
wtCNP37 is “ CNP38 ” , Pro - Gly - wtCNP37 is “ Pro - CNP38 ” , “ about ” or “ approximately ” means within 30 % , 25 % , 20 % , 
and GHKSEVAHRFK - wtCNP27 ( SEQ ID NO : 144 ) is 15 % , 10 % , 9 % , 8 % , 7 % , 6 % , 5 % , 4 % , 3 % , 2 % , 1 % , 0.5 % , 
“ HSA - CNP27 ” in FIGS . 71-73 . or 0.05 % of a given value or range . Whenever the term 
FIG . 72 shows serum levels of cleaved collagen type II 40 “ about ” or “ approximately ” precedes the first numerical 

from mice treated with Gly - CNP37 , Pro - Gly - CNP37 or value in a series of two or more numerical values , it is 
GHKSEVAHRFK - CNP27 ( SEQ ID NO : 144 ) . understood that the term “ about ” or “ approximately ” applies 
FIG . 73 shows serum levels of alkaline phosphatase from to each one of the numerical values in that series . 

mice treated with Gly - CNP37 , Pro - Gly - CNP37 or GHKSE The terms “ ambient temperature ” and “ room tempera 
VAHRFK - CNP27 ( SEQ ID NO : 144 ) . 45 ture ” are used interchangeably herein and refer to the 
FIGS . 74A and B depict desensitization of the cGMP temperature of the surrounding environment ( e.g. , the room 

response after acute ( A ) or chronic ( B ) treatment with 1 uM in which a reaction is conducted or a composition is stored ) . 
Gly - CNP37 . In certain embodiments , ambient temperature or room tem 
FIG . 75A demonstrates that daily treatment of wild - type perature is a range from about 15 ° C. to about 28 ° C. , or 

mice with 200 nmol / kg of Pro - Gly - CNP37 ( “ Pro - CNP38 ” ) 50 from about 15 ° C. to about 25 ° C. , or from about 20 ° C. to 
for 8 days did not desensitize the cGMP response . FIG . 75B about 28 ° C. , or from about 20 ° C. to about 25 ° C. , or from 
shows that treatment of the mice with 200 nmol / kg of about 22 ° C. to about 28 ° C. , or from about 22 ° C. to about 
Pro - Gly - CNP37 once a day for two consecutive days poten 25 ° C. In other embodiments , ambient temperature or room 
tiated the cGMP response . temperature is about 15 ° C. , 16 ° C. , 17 ° C. , 18 ° C. , 19 ° C. , 

FIGS . 76A - D show that treatment of wild - type mice with 55 20 ° C. , 21 ° C. , 22 ° C. , 23 ° C. , 24 ° C. , 25 ° C. , 26 ° C. , 27 ° 
200 nmol / kg of Gly - CNP37 stimulated cGMP secretion in C. or 28 ° C. 
distal femurs ( cartilage and bone ) ( A ) , femoral cortices Definition of standard chemistry terms may be found in 
( bone ) ( B ) , ear pinna ( cartilage ) ( C ) , and kidney ( D ) . FIGS . reference works , including Carey and Sundberg , Advanced 
76E - H show that liver ( E ) , heart ( F ) , lung ( G ) and brain ( H ) Organic Chemistry , 3rd Edition , Vols . A and B ( Plenum 
tissues did not exhibit appreciable cGMP secretion in 60 Press , New York 1992 ) . The practice of the present disclo 
response to Gly - CNP37 relative to vehicle control at the sure may employ , unless otherwise indicated , certain con 
studied time points . ventional methods of synthetic organic chemistry , mass 
FIGS . 77-82 show results from an on - going study in spectrometry , preparative and analytical chromatography , 

normal juvenile cynomolgus monkeys subcutaneously protein chemistry , biochemistry , recombinant DNA technol 
injected daily with vehicle or 10 or 36 ug / kg of Pro - Gly- 65 ogy and pharmacology , within the skill of the art . See , e.g. , 
CNP37 . Both doses of Pro - Gly - CNP37 have increased T. E. Creighton , Proteins : Structures and Molecular Prop 
growth plate width ( FIG . 77 ) , increased right and left tibia erties ( W.H. Freeman and Company , 1993 ) ; A. L. Lehninger , 
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Biochemistry ( Worth Publishers , Inc. , 4th Edition , 2004 ) ; ( 5 ) Isoleucine ( I ) , Leucine ( L ) , Methionine ( M ) , Valine 
Sambrook , et al . , Molecular Cloning : A Laboratory Manual ( V ) ; and 
( 2nd Edition , 1989 ) ; Methods In Enzymology ( S. Colowick ( 6 ) Phenylalanine ( F ) , Tyrosine ( Y ) , Tryptophan ( W ) . In 
and N. Kaplan eds . , Academic Press , Inc. ) ; Remington's another embodiment , the following groups each contain 
Pharmaceutical Sciences , 18th Edition ( Easton , Pa .: Mack 5 natural amino acids that are conservative substitutions for 
Publishing Company , 1990 ) . one another . 

All publications , patents and patent applications cited ( 1 ) Glycine ( G ) , Alanine ( A ) ; 
herein , whether supra or infra , are hereby incorporated by ( 2 ) Aspartic acid ( D ) , Glutamic acid ( E ) ; 
reference in their entirety . ( 3 ) Asparagine ( N ) , Glutamine ( Q ) ; 

( 4 ) Arginine ( R ) , Lysine ( K ) ; The following amino acid abbreviations are used through ( 5 ) Isoleucine ( I ) , Leucine ( L ) , Methionine ( M ) , Valine out the text : ( V ) , Alanine ( A ) ; 
( 6 ) Phenylalanine ( F ) , Tyrosine ( Y ) , Tryptophan ( W ) ; and 

Alanine : Ala ( A ) ( 7 ) Serine ( S ) , Threonine ( T ) , Cysteine ( C ) . Arginine : Arg ( R ) 
Asparagine : Asn ( N ) Aspartic acid : Asp ( D ) In a further embodiment , amino acids may be grouped as 
Cysteine : Cys ( C ) Glutamine : Gin ( Q ) set out below . 
Glutamic acid : Glu ( E ) Glycine : Gly ( G ) ( 1 ) hydrophobic : Met , Ala , Val , Leu , Ile , Phe , Trp ; Histidine : His ( H ) Isoleucine : Ile ( I ) 
Leucine : Leu ( L ) Lysine : Lys ( K ) ( 2 ) neutral hydrophilic : Cys , Ser , Thr , Asn , Gln ; 
Methionine : Met ( M ) Phenylalanine : Phe ( F ) ( 3 ) acidic : Asp , Glu ; 
Proline : Pro ( P ) Serine : Ser ( S ) ( 4 ) basic : His , Lys , Arg ; 
Threonine : Thr ( T ) Tryptophan : Trp ( W ) ( 5 ) residues that influence backbone orientation : Gly , Pro ; Tyrosine : Tyr ( Y ) Valine : Val ( V ) and 

( 6 ) aromatic : Trp , Tyr , Phe , His . 
“ Polypeptide ” and “ protein ” refer to a polymer composed In one embodiment , the peptides or polypeptides 

of amino acid residues , related naturally occurring structural 25 described herein are generated via recombinant means , 
variants , and synthetic non - naturally occurring analogs using a polynucleotide encoding a CNP variant . The disclo 
thereof , linked via peptide bonds or peptide bond isosteres . sure thus encompasses polynucleotides encoding any of the 
Synthetic polypeptides can be synthesized , for example , CNP variants described herein , host cells or vectors com 
using an automated polypeptide synthesizer . The terms prising such polynucleotides , optionally linked to expression 
“ polypeptide ” and “ protein ” are not limited to a minimum 30 control sequences , and methods of using such polynucle 
length of the product . The term “ protein ” typically refers to otides , vectors or host cells to produce CNP variants of the 
large polypeptides . The term “ peptide ” typically refers to disclosure . CNP variants expressed by such polynucleotides 
short polypeptides . Thus , peptides , oligopeptides , dimers , may be produced by methods including growing host cells 

in culture medium under conditions suitable for expression multimers , and the like , are included within the definition . 
Both full - length proteins and fragments thereof are encom 35 of the polynucleotide encoding a CNP variant , and isolating 

the expression product from the host cells or culture passed by the definition . The terms “ polypeptide ” and “ pro medium . Actual expression products may vary slightly from tein ” also include postexpression modifications of the poly the encoded protein product depending on any post - trans peptide or protein , for example , glycosylation , acetylation , lational processing . phosphorylation and the like . Furthermore , for purposes of “ Polynucleotide ” refers to a polymer composed of nucleo the present disclosure , a “ polypeptide ” can include “ modi tide units . Polynucleotides include naturally occurring 
fications , ” such as deletions , additions , substitutions ( which nucleic acids , such as deoxyribonucleic acid ( “ DNA ” ) and 
may be conservative in nature or may include substitutions ribonucleic acid ( “ RNA ” ) as well as nucleic acid analogs . 
with any of the 20 amino acids that are commonly present The term “ nucleic acid " typically refers to large polynucle 
in human proteins , or any other naturally or non - naturally- 45 otides . The term “ oligonucleotide ” typically refers to short 
occurring or atypical amino acids ) , and chemical modifica polynucleotides , generally no greater than about 50 nucleo 
tions ( e.g. , addition of or substitution with peptidomimet tides . It will be understood that when a nucleotide sequence 
ics ) , to the native sequence . These modifications may be is represented by a DNA sequence ( i.e. , A , T , G , C ) , the 
deliberate , as through site - directed mutagenesis , or through nucleotide sequence also encompasses an RNA sequence 
chemical modification of amino acids to remove or attach 50 ( i.e. , A , U , G , C ) in which “ U ” replaces “ T. ” “ DNA ” refers 
chemical moieties , or may be accidental , such as through to a DNA that is complementary or identical to an mRNA , 
mutations arising with hosts that produce the proteins or in either single stranded or double stranded form . 
through errors due to PCR amplification . “ Expression control sequence ” refers to a nucleotide 

Conventional notation is used herein to portray polypep sequence that regulates the expression of a nucleotide 
tide sequences : the left - hand end of a polypeptide sequence 55 sequence operatively linked thereto . “ Operatively linked ” 
is the amino - terminus ; the right - hand end of a polypeptide refers to a functional relationship between two parts in 
sequence is the carboxyl - terminus . which the activity of one part ( e.g. , the ability to regulate 

“ Conservative substitution ” refers to substitution of an transcription ) results in an action on the other part ( e.g. , 
amino acid in a polypeptide with a functionally , structurally transcription of the sequence ) . Expression control sequences 
or chemically similar natural or unnatural amino acid . In one 60 can include , for example and without limitation , sequences 
embodiment , the following groups each contain natural of promoters ( e.g. , inducible or constitutive ) , enhancers , 
amino acids that are conservative substitutions for one transcription terminators , a start codon ( i.e. , ATG ) , splicing 
another : signals for introns , and stop codons . 

( 1 ) , Alanine ( A ) Serine ( S ) , Threonine ( T ) ; “ Recombinant polynucleotide ” refers to a polynucleotide 
( 2 ) Aspartic acid ( D ) , Glutamic acid ( E ) ; 65 having sequences that are not naturally joined together . An 
( 3 ) Asparagine ( N ) , Glutamine ( Q ) ; amplified or assembled recombinant polynucleotide may be 
( 4 ) Arginine ( R ) , Lysine ( K ) ; included in a suitable vector , and the vector can be used to 

40 
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transform a suitable host cell . A host cell that comprises the pared and aligned for maximum correspondence , as mea 
recombinant polynucleotide is referred to as a “ recombinant sured using one of the following sequence comparison 
host cell . ” The gene is then expressed in the recombinant algorithms or by visual inspection . 
host cell to produce , e.g. , a “ recombinant polypeptide . ” A The phrase " substantially homologous " or " substantially 
recombinant polynucleotide may serve a non - coding func- 5 identical ” , in the context of two nucleic acids or polypep 
tion ( e.g. , promoter , origin of replication , ribosome - binding tides , generally refers to two or more sequences or subse 
site , etc. ) as well . quences that have at least 40 % , 50 % , 60 % , 70 % , 80 % , 90 % , 

“ Chimera ” as used herein refers to a polynucleotide or 95 % , or 98 % nucleotide or amino acid residue identity , when 
polypeptide comprising at least two heterologous polynucle compared and aligned for maximum correspondence , as 
otide or polypeptide sequences ( i.e. derived from different 10 measured using one of the following sequence comparison 
sources or not associated with each other as a naturally algorithms or by visual inspection . In certain embodiments , 
occurring sequence ) which are directly or indirectly attached the substantial homology or identity exists over regions of 
or linked together using techniques commonly known in the the sequences that are at least about 25 , 50 , 100 or 150 
art , e.g. , recombinant expression or chemical crosslinking . residues in length . In another embodiment , the sequences are 
In one embodiment , the heterologous sequence can com- 15 substantially homologous or identical over the entire length 
prise a protein or peptide directly or indirectly linked to a of either or both comparison biopolymers . 
CNP peptide or variant , including proteins or peptides which For sequence comparison , typically one sequence acts as 
are cleavable from the CNP peptide or variant . In a related a reference sequence , to which test sequences are compared . 
embodiment , CNP variants are chimera as described herein . When using a sequence comparison algorithm , test and 

In certain embodiments , chimeras include CNP fusion 20 reference sequences are inputted into a computer , subse 
proteins comprising a cleavable carrier protein or peptide quence coordinates are designated , if necessary , and 
tag . The term " cleavable carrier protein ” or “ cleavable sequence algorithm program parameters are designated . The 
peptide tag ” refers to a peptide or polypeptide sequence that sequence comparison algorithm then calculates the percent 
may be fused , directly or indirectly via a linker , to a sequence identity for the test sequence ( s ) relative to the 
heterologous polypeptide sequence , and is removable from 25 reference sequence , based on the designated program 
the heterologous sequence using an agent that cleaves or parameters . 
separates the cleavable peptide or polypeptide from the Optimal alignment of sequences for comparison can be 
heterologous polypeptide or protein . In some embodiments , conducted , e.g. , by the local homology algorithm of Smith 
the cleavable carrier protein or peptide tag improves gen & Waterman , Adv . Appl . Math . , 2 : 482 ( 1981 ) , by the 
eration , purification and / or detection of the fusion protein or 30 homology alignment algorithm of Needleman & Wunsch , J. 
the heterologous polypeptide . Exemplary cleavable carrier Mol . Biol . , 48 : 443 ( 1970 ) , by the search for similarity 
proteins and peptide tags include , but are not limited to , method of Pearson & Lipman , Proc . Natl . Acad . Sci . USA , 
human transcription factor TAF12 ( TAF12 ) , ketosteroid 85 : 2444 ( 1988 ) , by computerized implementations of these 
isomerase ( KSI ) , maltose - binding protein ( MBP ) , B - galac algorithms ( GAP , BESTFIT , FASTA , and TFASTA in the 
tosidase ( ( ß - Gal ) , glutathione - S - transferase ( GST ) , thiore- 35 Wisconsin Genetics Software Package , Genetics Computer 
doxin ( Trx ) , chitin - binding domain ( CBD ) , BMP - 2 mutation Group , 575 Science Dr. , Madison , Wis . ) , or by visual 
( BMPM ) , SUMO , CAT , Trpe , staphylococcal protein A , inspection . One example of a useful algorithm is PILEUP , 
streptococcal proteins , starch - binding protein , cellulose which uses a simplification of the progressive alignment 
binding domain of endoglucanase A , cellulose - binding method of Feng & Doolittle , J. Mol . Evol . , 35 : 351-360 
domain of exoglucanase Cex , biotin - binding domain , recA , 40 ( 1987 ) and is similar to the method described by Higgins & 
Flag , c - Myc , poly ( His ) , poly ( Arg ) , poly ( Asp ) , poly ( Gln ) , Sharp , CABIOS , 5 : 151-153 ( 1989 ) . Another algorithm 
poly ( Phe ) , poly ( Cys ) , green fluorescent protein , red fluores useful for generating multiple alignments of sequences is 
cent protein , yellow fluorescent protein , cyan fluorescent Clustal W ( Thompson et al . , Nucleic Acids Research , 22 : 
protein , biotin , avidin , streptavidin , antibody epitopes , and 4673-4680 ( 1994 ) ) . An example of an algorithm that is 
fragments thereof . 45 suitable for determining percent sequence identity and 

A “ cleaving agent ” is an agent that is useful to cleave or sequence similarity is the BLAST algorithm ( Altschul et al . , 
separate , e.g. , a cleavable peptide or polypeptide from a J. Mol . Biol . , 215 : 403-410 ( 1990 ) ; Henikoff & Henikoff , 
heterologous polypeptide or protein . Exemplary cleaving Proc . Natl . Acad . Sci . USA , 89 : 10915 ( 1989 ) ; Karlin & 
agents include , but are not limited to , palladium , cyanogen Altschul , Proc . Natl . Acad . Sci . USA , 90 : 5873-5787 
bromide ( CNBr ) , formic acid , hydroxylamine , clostripain , 50 ( 1993 ) ) . Software for performing BLAST analyses is pub 
thrombin , chymotrypsin , trypsin , trypsin - like proteases , car licly available through the National Center for Biotechnol 
boxypeptidase , enterokinase ( enteropeptidase ) , Kex 2 pro ogy Information . 
tease , Omp T protease , Factor Xa protease , subtilisin , pro A further indication that two nucleic acid sequences or 
TEV , SUMO protease , V8 protease , HIV protease , polypeptides are substantially homologous or identical is 
rhinovirus protease , furilisin protease , IgA proteases , human 55 that the polypeptide encoded by the first nucleic acid is 
Pace protease , collagenase , Nia protease , poliovirus 2Apro immunologically cross reactive with the polypeptide 
protease , poliovirus 3C protease , genenase , furin , elastase , encoded by the second nucleic acid , as described below . 
Proteinase K , pepsin , rennin ( chymosin ) , microbial aspartic Thus , a polypeptide is typically substantially identical to a 
proteases , papain , calpain , chymopapain , ficin ( ficain ) , bro second polypeptide , for example , where the two polypep 
melain ( bromelase ) , cathespisin B , caspases , thermolysin , 60 tides differ only by conservative substitutions . Another indi 
Endoprotease Arg - C , Endoprotease Glu - C , Endoprotease cation that two nucleic acid sequences are substantially 
Lys - C , kallikrein , and plasmin . identical is that the two molecules hybridize to each other 

The terms “ identical ” and percent “ identity ” , in the con under stringent conditions , as described herein . 
text of two more polynucleotide or polypeptide “ Substantially pure ” or “ isolated ” means an object species 
sequences , refer to two or more sequences or subsequences 65 is the predominant species present ( i.e. , on a molar basis , 
that are the same or have a specified percentage of nucleo more abundant than any other individual macromolecular 
tides or amino acid residues that are the same , when com species in the composition ) , and a substantially purified 

or 
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fraction is a composition wherein the object species com gous ) to the wild - type polypeptide over a length of at least 
prises at least about 50 % ( on a molar basis ) of all macro about 5 , 10 , 15 , 20 , 25 , 30 , 35 , 40 , 45 or 50 amino acids . In 
molecular species present . In one embodiment , a substan still another embodiment , a polypeptide is derived from ” a 
tially pure composition means that the species of interest wild - type polypeptide if it has a moiety ( e.g. , a polymer such 
comprises at least about 70 % , 75 % , 80 % , 85 % , 90 % , 95 % , 5 as , e.g. , PEG ) directly or indirectly attached to it which is not 
98 % or more of the macromolecular species present in the present on the wild - type polypeptide , even if both polypep composition on a molar or weight basis . The object species tides share 100 % homology in their amino acid sequence . is purified to essential homogeneity ( contaminant species As used herein , an “ NPPC - derived ” polypeptide refers to cannot be detected in the composition by conventional a polypeptide derived from the natriuretic peptide precursor detection methods ) if the composition consists essentially of 10 C ( NPPC ) polypeptide , which is a single chain 126 - amino a single macromolecular species . Solvent species , small acid pre - pro polypeptide , and which upon cleavage ulti molecules ( < 500 Daltons ) , stabilizers ( e.g. , BSA ) , and 
elemental ion species are not considered macromolecular mately results in wtCNP22 . Removal of the signal peptide 
species for purposes of this definition . In an embodiment , from NPPC yields pro - CNP , and further cleavage by the 
the compounds of the disclosure are substantially pure or 15 endoprotease furin generates an active 53 - amino acid pep 
isolated . In another embodiment , the compounds of the tide ( CNP - 53 ) , which is secreted and cleaved again by an 
disclosure are substantially pure or isolated with respect to unknown enzyme to produce the mature 22 - amino acid 
the macromolecular starting materials used in their produc peptide ( CNP , or CNP - 22 ) . Therefore , CNP22 itself is an 
tion . In yet another embodiment , the pharmaceutical com “ NPPC - derived ” polypeptide by virtue of being derived 
positions of the disclosure comprise a substantially pure or 20 from NPPC . In one embodiment , an NPPC - derived poly 
isolated CNP variant admixed with one or more pharma peptide is at least about 40 % , 50 % , 60 % , 70 % , 75 % , 80 % , 
ceutically acceptable excipients , carriers or diluents , and 85 % , 90 % , or 95 % homologous to the wild type NPPC over 
optionally with another biologically active agent . the same number of amino acid residues . It is further 

“ Naturally occurring ” as applied to an object refers to the contemplated that an NPPC - derived peptide may comprise 
fact that the object can be found in nature . For example , a 25 from about 1 to about 53 , or 1 to 37 , or 1 to 35 , or 1 to 31 , 
polypeptide or polynucleotide sequence that is present in an or 1 to 27 , or 1 to 22 , or to 35 , or about 15 to about 37 
organism ( including viruses ) and which has not been inten residues of the NPPC polypeptide . In one embodiment , an 
tionally modified by man in the laboratory is naturally NPPC - derived peptide may comprise a sequence of 1 , 2 , 3 , 
occurring . In one embodiment , a “ naturally occurring ” sub 4 , 5 , 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 18 , 19 , 20 , 21 , 
stance is of human origin . 30 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , 34 , 35 , 36 , 37 , 

“ Wild - type ” ( wt ) is a term referring to the natural form , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , 50 , 51 , 52 , or 
including sequence , of a polynucleotide , polypeptide or 53 amino acids derived from the NPPC polypeptide . 
protein in a species . A wild - type form is distinguished from The term “ effective amount ” means a dosage sufficient to 
a mutant form of a polynucleotide , polypeptide or protein produce a desired result on a health condition , pathology , or 
arising from genetic mutation ( s ) . 35 disease of a subject or for a diagnostic purpose . The desired 

In one embodiment , a first polypeptide that is an “ analog ” result may comprise a subjective or objective improvement 
or “ variant ” or “ derivative ” of a second polypeptide is a in the recipient of the dosage . “ Therapeutically effective 
polypeptide having at least about 50 % , 60 % or 70 % amount ” refers to that amount of an agent effective to 
sequence homology , but less than 100 % sequence homol produce the intended beneficial effect on health . An appro 
ogy , with the second polypeptide . Such analogs , variants or 40 priate “ effective ” amount in any individual case may be 
derivatives may be comprised of non - naturally occurring determined by one of ordinary skill in the art using routine 
amino acid residues , including without limitation , experimentation . It will be understood that the specific dose 
homoarginine , ornithine , penicillamine , and norvaline , as level and frequency of dosage for any particular patient may 
well as naturally occurring amino acid residues . Such ana be varied and will depend upon a variety of factors , includ 
logs , variants or derivatives may also be composed of one or 45 ing the activity of the specific compound employed ; the 
a plurality of D - amino acid residues , and may also contain bioavailability , metabolic stability , rate of excretion and 
peptidomimetics or peptide bond isosteres such as non length of action of that compound ; the mode and time of 
peptide linkages between two or more amino acid or pep administration of the compound ; the age , body weight , 
tidomimetic residues . In another embodiment , a first poly general health , sex , and diet of the patient ; and the severity 
peptide is an “ analog ” , “ variant ” or “ derivative ” of a second 50 of the particular condition . 
polypeptide if the first polypeptide is not a known cleavage “ Treatment ” refers to prophylactic treatment or therapeu 
product of the second polypeptide or is not a known pre tic treatment or diagnostic treatment . In certain embodi 
cursor of the second polypeptide , even if the first polypep ments , “ treatment ” refers to administration of a compound 
tide has 100 % sequence homology to the second polypeptide or composition to a subject for therapeutic , prophylactic or 
or has a wild - type sequence . 55 diagnostic purposes . 

In an embodiment , the term " derived from ” as used herein A “ prophylactic ” treatment is a treatment administered to 
refers to a polypeptide or peptide sequence that is based on a subject who does not exhibit signs of a disease or exhibits 
a wild type or naturally occurring polypeptide or peptide only early signs of the disease , for the purpose of decreasing 
sequence and can have one or more deletions , additions , the risk of developing pathology . The compounds or com 
and / or substitutions with natural amino acids , unnatural 60 positions of the disclosure may be given as a prophylactic 
amino acids or peptidomimetics . In one embodiment , the treatment to reduce the likelihood of developing a pathology 
derivative sequence shares at least about 40 % , 50 % , 60 % or or to minimize the severity of the pathology , if developed . 
70 % , but less than 100 % , sequence similarity to the wild A " therapeutic ” treatment is a treatment administered to a 
type or naturally occurring sequence . In another embodi subject who exhibits signs or symptoms of pathology for the 
ment , the derivative may be a fragment of a polypeptide , 65 purpose of diminishing or eliminating those signs or symp 
wherein the fragment is substantially homologous ( e.g. , at toms . The signs or symptoms may be biochemical , cellular , 
least about 70 % , 75 % , 80 % , 85 % , 90 % , or 95 % homolo histological , functional or physical , subjective or objective . 
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The compounds of the disclosure may also be given as a As another example , if the level of a biomarker decreases 
therapeutic treatment or for diagnosis . in association with bone or cartilage formation or growth , 

“ Diagnostic ” means identifying the presence , extent and / the target level of the biomarker indicating a therapeutic 
or nature of a pathologic condition . Diagnostic methods effect may be lower than the level of the biomarker in 
differ in their specificity and selectivity . While a particular 5 patients suffering from a CNP - responsive disorder who have 
diagnostic method may not provide a definitive diagnosis of not been administered a CNP variant , and may optionally be 
a condition , it suffices if the method provides a positive higher than the “ normal ” level ( s ) , at about the “ normal ” 
indication that aids in diagnosis . level ( s ) , or below the “ normal ” level ( s ) of the biomarker in 

“ Bone- or cartilage - associated biomarker ” or “ bone- or subjects not suffering from that disorder . In such a case , the 
cartilage - associated marker ” refers to a growth factor , converse of the above adjustments in CNP variant amount 
enzyme , protein , or other detectable biological substance or and frequency of administration may apply . 
moiety whose level is increased or decreased in association “ Pharmaceutical composition ” refers to a composition 
with , e.g. , cartilage turnover , cartilage formation , cartilage suitable for pharmaceutical use in subject animal , including 
growth , bone resorption , bone formation , bone growth , or humans and mammals . A pharmaceutical composition com 
combinations thereof . Such biomarkers may be measured prises a therapeutically effective amount of a CNP variant , 
before , during and / or after administration of a CNP variant optionally another biologically active agent , and optionally 
as described herein . Exemplary bone - or cartilage - associated a pharmaceutically acceptable excipient , carrier or diluent . 
biomarkers include , but are not limited to , CNP , CGMP , In an embodiment , a pharmaceutical composition encom 
propeptides of collagen type II and fragments thereof , col- 20 passes a composition comprising the active ingredient ( s ) , 
lagen type II and fragments thereof , propeptides of collagen and the inert ingredient ( s ) that make up the carrier , as well 
type I and fragments thereof , collagen type 1 and fragments as any product that results , directly or indirectly , from 
thereof , osteocalcin , proliferating cell nuclear antigen combination , complexation or aggregation of any two or 
( PCNA ) , aggrecan chondroitin sulfate , and alkaline phos more of the ingredients , or from dissociation of one or more 
phatase . Cartilage- and bone - associated biomarkers can be 25 of the ingredients , or from other types of reactions or 
measured in any appropriate biological sample , including interactions of one or more of the ingredients . Accordingly , 
but not limited to tissues , blood , serum , plasma , cerebrospi the pharmaceutical compositions of the present disclosure 
nal fluid , synovial fluid and urine . In some embodiments , the encompass any composition made by admixing a compound 
biomarkers are measured in blood , plasma or serum from of the disclosure and a pharmaceutically acceptable excipi 
animals undergoing efficacy / pharmacodynamic in vivo stud- 30 ent , carrier or diluent . 
ies and / or from the conditioned media of ex vivo studies . “ Pharmaceutically acceptable carrier ” refers to any of the 

In certain embodiments , the level of at least one bone - or standard pharmaceutical carriers , buffers , and the like , such 
cartilage - associated biomarker is measured and the amount as a phosphate buffered saline sol tion , 5 % aqueous solution 
or frequency of administration of CNP variant administered of dextrose , and emulsions ( e.g. , an oil / water or water / oil 
to a subject can be adjusted according to the level of the 35 emulsion ) . Non - limiting examples of excipients include 
biomarker measured . In some embodiments , the level of adjuvants , binders , fillers , diluents , disintegrants , emulsify 
biomarker is “ below a target level ” or “ above a target level . ” ing agents , wetting agents , lubricants , glidants , sweetening 
A target level of a biomarker is a level or range of levels of agents , flavoring agents , and coloring agents . Suitable phar 
the biomarker at which a therapeutic effect is observed in the maceutical carriers , excipients and diluents are described in 
subject receiving the CNP variant . In certain embodiments , 40 Remington's Pharmaceutical Sciences , 19th Ed . ( Mack Pub 
the target level of a biomarker for a subject having a lishing Co. , Easton , 1995 ) . Preferred pharmaceutical carriers 
CNP - responsive disorder or condition is the level or range of depend upon the intended mode of administration of the 
levels of the biomarker observed in a normal , non - affected active agent . Typical modes of administration include 
subject . In other embodiments , to indicate a therapeutic enteral ( e.g. , oral ) or parenteral ( e.g. , subcutaneous , intra 
effect , the target level of a biomarker need not be equivalent 45 muscular , intravenous or intraperitoneal injection ; or topical , 
to the level or range of levels of the biomarker observed in transdermal , or transmucosal administration ) . 
a normal subject , but can be within , e.g. , 100 % , 90 % , 80 % , A “ pharmaceutically acceptable salt ” is a salt that can be 
70 % , 60 % , 50 % , 40 % , 30 % , 20 % , 10 % or 5 % of the formulated into a compound for pharmaceutical use , includ 
“ normal ” level or range of levels of the biomarker observed ing but not limited to metal salts ( e.g. , sodium , potassium , 
in a non - affected subject . 50 magnesium , calcium , etc. ) and salts of ammonia or organic 

For example , if the level of a biomarker increases in amines . 
association with bone or cartilage formation or growth , the By “ pharmaceutically acceptable ” or “ pharmacologically 
target level of the biomarker indicating a therapeutic effect acceptable ” is meant a material that is not biologically or 
may be higher than the level of the biomarker in patients otherwise undesirable , i.e. , the material may be administered 
suffering from a CNP - responsive disorder who have not 55 to an individual without causing any undesirable biological 
been administered a CNP variant , and may optionally be effects or without interacting in a deleterious manner with 
lower than the “ normal ” level ( s ) , at about the “ normal ” any of the components of the composition in which it is 
level ( s ) , or above the “ normal ” level ( s ) of the biomarker in contained or with any components present on or in the body 
subjects not suffering from that disorder . In one embodi of the individual . 
ment , if the level of a biomarker is below a target level , it 60 The term “ unit dosage form ” refers to physically discrete 
indicates an inadequate therapeutic effect , which may units suitable as unitary dosages for human and animal 
require an increase in the amount or frequency of adminis subjects , each unit containing a predetermined quantity of a 
tration of CNP variant administered . In a related embodi compound of the disclosure calculated in an amount suffi 
ment , if the biomarker is above a target level , it indicates that cient to produce the desired effect , optionally in association 
more CNP variant than necessary has been administered , 65 with a pharmaceutically acceptable excipient , diluent , car 
which may require a decrease in the amount or frequency of rier or vehicle . The specifications for the novel unit dosage 
administration of the CNP variant administered . forms of the present disclosure depend on the particular 
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compound employed and the effect to be achieved , and the linear saturated monovalent hydrocarbon radical that has 1 
pharmaco - dynamics associated with each compound in the to 20 ( C1-20 ) , 1 to 15 ( C1-15 ) , 1 to 12 ( C1-12 ) , 1 to 10 ( C1-10 ) , 
host . or 1 to 6 ( C1-6 ) carbon atoms , or a branched saturated 

“ Physiological conditions ” refer to conditions in the body monovalent hydrocarbon radical of 3 to 20 ( C3-20 ) , 3 to 15 
of an animal ( e.g. , a human ) . Physiological conditions 5 ( C3-15 ) , 3 to 12 ( C3-12 ) , 3 to 10 ( C3-10 ) , or 3 to 6 ( C3-6 ) 
include , but are not limited to , body temperature and an carbon atoms . As used herein , linear C1-6 and branched C3-6 
aqueous environment of physiologic ionic strength , pH and alkyl groups are also referred as “ lower alkyl . ” Examples of 
enzymes . Physiological conditions also encompass condi alkyl groups include , but are not limited to , methyl , ethyl , 
tions in the body of a particular subject which differ from the propyl ( including all isomeric forms , including n - propyl and 
“ normal ” conditions present in the majority of subjects , e.g. , 10 isopropyl ) , butyl ( including all isomeric forms , including 
which differ from the normal human body temperature of n - butyl , isobutyl , sec - butyl and tert - butyl ) , pentyl ( including 
approximately 37 ° C. or differ from the normal human blood all isomeric forms ) , and hexyl ( including all isomeric 
pH of approximately 7.4 . forms ) . For example , C1-6 alkyl refers to a linear saturated 
By “ physiological pH ” or a “ pH in a physiological range ” monovalent hydrocarbon radical of 1 to 6 carbon atoms or 

is meant a pH in the range of approximately 7.0 to 8.0 15 a branched saturated monovalent hydrocarbon radical of 3 to 
inclusive , more typically in the range of approximately 7.2 6 carbon atoms . 
to 7.6 inclusive . The term “ alkoxy ” refers to an -O - alkyl group . In certain 
As used herein , the term “ subject ” encompasses mammals embodiments , an alkoxy group may optionally be substi 

and non - mammals . Examples of mammals include , but are tuted with one or more substituents Q as described herein . 
not limited to , any member of the mammalian class : 20 The term “ haloalkyl ” refers to an anlky group that is 
humans , non - human primates such as chimpanzees , and substituted with one or more halide atoms . In certain 
other apes and monkey species ; farm animals such as cattle , embodiments , a haloalkyl group is substituted with one , two , 
horses , sheep , goats , swine ; domestic animals such as rab three , four , five or six halide atoms . In certain embodiments , 
bits , dogs , and cats ; laboratory animals including rodents , a haloalkyl group may optionally be substituted with one or 
such as rats , mice and guinea pigs , and the like . Examples 25 more additional substituents Q as described herein . 
of non - mammals include , but are not limited to , birds , fish , The term " cycloalkyl ” refers to a cyclic saturated bridged 
and the like . The term does not denote a particular age or and / or non - bridged monovalent hydrocarbon radical , which 
gender may be optionally substituted with one or more substituents 
The terms “ polyethylene glycol ” , “ PEG ” , “ polyethylene as described herein . In certain embodiments , the 

oxide ” and “ PEO ” are used interchangeably herein unless 30 cycloalkyl has from 3 to 20 ( C3-20 ) , from 3 to 15 ( C3-15 ) , 
indicated otherwise . A CNP peptide ( CNP22 or a variant from 3 to 12 ( C3-12 ) , from 3 to 10 ( C3-10 ) , or from 3 to 7 
thereof ) conjugated via an amino group to a “ PEOn ” poly ( C3-7 ) carbon atoms . Examples of cycloalkyl groups include , 
mer associated with the number n , in general has the but are not limited to , cyclopropyl , cyclobutyl , cyclopentyl , 
formula : CH ; - [ O CH2CH2- ] n - C ( O ) NHR , cyclohexyl , cycloheptyl , decalinyl , and adamantyl . 

the number of ethylene oxide units and R denotes 35 The term " heterocyclyl ” or “ heterocyclic ” refers to a 
the rest of the peptide . The “ PEOn ” polymer can optionally monocyclic non - aromatic ring system or a multicyclic ring 
have an alkylene group , ( CH2 ) m , where m is an integer from system that contains at least one non - aromatic ring , wherein 
1 to 5 , between the carbonyl carbon and the repeating one or more of the non - aromatic ring atoms are heteroatoms 
ethylene oxide units . Such a “ PEOn " ( e.g. , PEO12 or independently selected from O , S , or N , and the remaining 
PEO24 ) polymer is monodispersed , i.e. , is a single discrete 40 non - aromatic ring atoms are carbon atoms . In certain 
polymer of a particular molecular weight . Similarly , a CNP embodiments , the heterocyclyl or heterocyclic group has 
peptide conjugated via an amino group to a “ PEGNK ” from 3 to 20 , from 3 to 15 , from 3 to 10 , from 3 to 8 , from 
polymer associated with the number nK , in general has the 4 to 7 , or from 5 to 6 ring atoms . In certain embodiments , 
formula : CH30 CH CH2 - 19 - CEO ) NHR , the heterocyclyl is a monocyclic , bicyclic , tricyclic , or 
where p is an integer greater than 1. The “ PEGNK ” polymer 45 tetracyclic ring system , which may include a fused or 
also can optionally have an alkylene group , ( CH2 ) m , where bridged ring system , and in which the nitrogen or sulfur 
m is an integer from 1 to 5 , between the carbonyl carbon and atoms may be optionally oxidized , the nitrogen atoms may 
the repeating ethylene oxide units . However , such a be optionally quaternized , and some rings may be partially 
“ PEGNK ” ( e.g. , PEGIK , PEG2K , PEG55K or PEG20K ) or fully saturated , or aromatic . The heterocyclyl may be 
polymer is polydispersed , i.e. , contains a mixture of poly- 50 attached to the main structure at any heteroatom or carbon 
mers having a distribution of molecular weights , where the atom which results in the creation of a stable compound . 
number nk denotes the polymer numberaverage molecular Examples of heterocyclic groups include , but are not limited 
weight ( Mn ) in kilo Daltons . For example , “ PEG2K ” con to , acridinyl , azepinyl , benzimidazolyl , benzindolyl , benzo 
jugated to a CNP peptide denotes a polydispersed PEG isoxazolyl , benzisoxazinyl , benzodioxanyl , benzodioxolyl , 
polymer having a polymer number - average molecular 55 benzofuranonyl , benzofuranyl , benzonaphthofuranyl , ben 
weight of around 2 kDa . zopyranonyl , benzopyranyl , benzotetrahydrofuranyl , benzo 
When a range of the mass of a polymer ( e.g. , PEG ) is tetrahydrothienyl , benzothiadiazolyl , benzothiazolyl , benzo 

given ( e.g. , in units of kDa ) , the range refers to a range of thiophenyl , benzotriazolyl , benzothiopyranyl , benzoxazinyl , 
polymer number - average molecular weights , not to a range benzoxazolyl , benzothiazolyl , ß - carbolinyl , carbazolyl , 
of molecular weights of multiple polymers in a polydis- 60 chromanyl , chromonyl , cinnolinyl , coumarinyl , decahy 
persed mixture , unless expressly indicated otherwise . droisoquinolinyl , dibenzofuranyl , dihydrobenzisothiazinyl , 

The term “ halogen ” , “ halide ” or “ halo ” refers to fluorine , dihydrobenzisoxazinyl , dihydrofuryl , dihydropyranyl , 
chlorine , bromine , and / or iodine . dioxolanyl , dihydropyrazinyl , dihydropyridinyl , dihydropy 

The term “ alkyl ” refers to a linear or branched saturated razolyl , dihydropyrimidinyl , dihydropyrrolyl , dioxolanyl , 
monovalent hydrocarbon radical , wherein the alkyl may 65 1,4 - dithianyl , furanonyl , furanyl , imidazolidinyl , imidazoli 
optionally be substituted with one or more substituents Q as nyl , imidazolyl , imidazopyridinyl , imidazothiazolyl , inda 
described herein . In certain embodiments , the alkyl is a zolyl , indolinyl , indolizinyl , indolyl , isobenzotetrahydro 

where n 
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furanyl , isobenzotetrahydrothienyl , isobenzothienyl , selected from the group consisting of cyano , halo , oxo , nitro , 
isochromanyl , isocoumarinyl , isoindolinyl , isoindolyl , iso C1-6 alkyl , C1-6 alkoxy , halo - C1-6 alkyl , C3-7 cycloalkyl , 
quinolinyl , isothiazolidinyl , isothiazolyl , isoxazolidinyl , heterocyclyl , Co - 14 aryl , heteroaryl , COR , C ( O ) OR , 
isoxazolyl , morpholinyl , naphthyridinyl , octahydroindolyl , C ( O ) NRRS , C ( NR ) NRRS , OC ( O ) R , 
octahydroisoindolyl , oxadiazolyl , oxazolidinonyl , oxazo OC ( O ) OR , OC ( O ) NRRS , OCENR NR'RS , 
lidinyl , oxazolopyridinyl , oxazolyl , oxiranyl , perimidinyl , OS ( O ) R , -OS ( O ) , R , OS ( O ) NRRS , -OS ( O ) , 2 
phenanthridinyl , phenathrolinyl , phenarsazinyl , phenazinyl , NRRS , NRRS , - NRC ( O ) R , NR C ( O ) OR , NRC 
phenothiazinyl , phenoxazinyl , phthalazinyl , piperazinyl , ( O ) NR'RS , NR CENR NR'RS , NR®S ( O ) R , NR'S 
piperidinyl , 4 - piperidonyl , pteridinyl , purinyl , pyrazinyl , ( O ) R " , NR'S ( O ) NRRS , NR S ( O ) 2NR'RS , SR , 13 
pyrazolidinyl , pyrazolyl , pyridazinyl , pyridinyl , pyri- 10 S ( OR , -S ( O ) _R® , and S ( O ) NRRs , wherein each Re , 
dopyridinyl , pyrimidinyl , pyrrolidinyl , pyrrolinyl , pyrrolyl , R , R8 , and R " is independently hydrogen , C1-6 alkyl , C3-7 
quinazolinyl , quinolinyl , quinoxalinyl , quinuclidinyl , tetra cycloalkyl , heterocyclyl , C6-14 aryl , or heteroaryl ; or Rand 
hydrofuryl , tetrahydrofuranyl , tetrahydroisoquinolinyl , tet RS , together with the N atom to which they are attached , 
rahydropyranyl , tetrahydrothienyl , tetrazolyl , thiadiazolopy form heterocyclyl . 
rimidinyl , thiadiazolyl , thiamorpholinyl , thiazolidinyl , 15 
thiazolyl , thienyl , triazinyl , triazolyl , and 1,3,5 - trithianyl . In B. CNP Variants 
certain embodiments , a heterocyclic group may optionally 
be substituted with one or more substituents Q as described The use of CNP22 as a therapeutic is limited by its short 
herein . half - life in plasma ( J. Clin . Endocrinol . Metab . , 78 : 1428-35 

The term “ aryl ” refers to a monocyclic aromatic group or 20 ( 1994 ) ) . In human plasma , the concentration of CNP22 
a multicyclic monovalent aromatic group that contain at typically is less than five picomolar . CNP22 is degraded and 
least one aromatic hydrocarbon ring . In certain embodi cleared from circulation by NEP and NPR - C in humans 
ments , the aryl has from 6 to 20 ( C6-20 ) , from 6 to 15 ( C6-15 ) , ( Growth Hormone & IGF Res . , 16 : S6 - S14 ) . In all human 
or from 6 to 10 ( C6-10 ) ring atoms . Examples of aryl groups and animal studies using systemically administered CNP22 , 
include , but are not limited to , phenyl , naphthyl , fluorenyl , 25 continuous infusion has been used to increase the CNP22 
azulenyl , anthryl , phenanthryl , pyrenyl , biphenyl , and ter concentration in the subjects . ACNP peptide having a longer 
phenyl . Aryl also refers to bicyclic or tricyclic carbon rings , half - life and at least a similar level of functionality would be 
where at least one of the rings is aromatic and the others may beneficial to a CNP - based therapeutic strategy . CNP variants 
be saturated , partially unsaturated , or aromatic , for example , are also disclosed in related International Application No. 
dihydronaphthyl , indenyl , indanyl , and tetrahydronaphthyl 30 PCT / US08 / 84270 , specifically incorporated herein by ref 
( tetralinyl ) . In certain embodiments , an aryl group may 
optionally be substituted with one or more substituents Q as The present disclosure provides CNP variants which have 
described herein . reduced affinity to NEP and / or NPR - C , and reduced suscep 

The term " heteroaryl ” refers to a monocyclic aromatic tibility to cleavage by NEP and / or clearance by NPR - C , but 
group or a multicyclic aromatic group that contain at least 35 which have substantially similar or better functionality than 
one aromatic ring , wherein at least one aromatic ring con wild - type CNP22 . Reduced susceptibility of CNP variants to 
tains one or more heteroatoms independently selected from cleavage by NEP and / or clearance by NPR - C would increase 
O , S , and N. Each ring of a heteroaryl group can contain one the plasma or serum half - life of the variants , thereby increas 
or two O atoms , one or two S atoms , and / or one to four N ing the opportunity for the variants to distribute to the target 
atoms , provided that the total number of heteroatoms in each 40 tissues and sites and effectuate the desired pharmacological 
ring is four or less and each ring contains at least one carbon effects . In certain embodiments , the CNP variants described 
atom . The heteroaryl may be attached to the main structure herein have reduced susceptibility to cleavage by NEP 
at any heteroatom or carbon atom which results in the and / or clearance by NPR - C in vitro or in vivo by at least 
creation of a stable compound . In certain embodiments , the about 1.5 - fold , 2 - fold , 2.5 - fold , 3 - fold , 3.5 - fold , 4 - fold , 
heteroaryl has from 5 to 20 , from 5 to 15 , or from 5 to 10 45 4.5 - fold , or 5 - fold compared to wtCNP22 , and have 
ring atoms . Examples of monocyclic heteroaryl groups increased plasma or serum half - life in vivo by at least about 
include , but are not limited to , pyrrolyl , pyrazolyl , pyrazoli 1.5 - fold , 2 - fold , 2.5 - fold , 3 - fold , 3.5 - fold , 4 - fold , 4.5 - fold , 
nyl , imidazolyl , oxazolyl , isoxazolyl , thiazolyl , thiadiazolyl , or 5 - fold compared to wtCNP22 , while retaining at least 
isothiazolyl , furanyl , thienyl , oxadiazolyl , pyridyl , pyrazi about 50 % , 60 % , 70 % , 80 % , 90 % or 100 % of the function 
nyl , pyrimidinyl , pyridazinyl , and triazinyl . Examples of 50 ality of wtCNP22 , or having at least about 1.5 - fold , 2 - fold , 
bicyclic heteroaryl groups include , but are not limited to , 2.5 - fold , 3 - fold , 3.5fold , 4 - fold , 4.5 - fold , or 5 - fold greater 
indolyl , benzothiazolyl , benzoxazolyl , benzothienyl , quino functionality than wtCNP22 . CNP functionality can be 
linyl , tetrahydroisoquinolinyl , isoquinolinyl , benzimida evaluated in terms of , e.g. , the level of one or more bio 
zolyl , benzopyranyl , indolizinyl , benzofuranyl , isobenzo markers ( e.g. , cGMP ) associated with cartilage or bone 
furanyl , chromonyl , coumarinyl , cinnolinyl , quinoxalinyl , 55 formation or growth in an in vitro or in vivo study , the length 
indazolyl , purinyl , pyrrolopyridinyl , furopyridinyl , thien of particular bones in an ex vivo or in vivo study , etc. 
opyridinyl , dihydroisoindolyl , and tetrahydroquinolinyl . Natural substrates of NEP are small and natriuretic pep 
Examples of tricyclic heteroaryl groups include , but are not tides ( about 2.2 to about 3.2 kDa ) are the largest of the 
limited to , carbazolyl , benzindolyl , phenanthrollinyl , acridi natural substrates . According to X - ray crystallographic 
nyl , phenanthridinyl , and xanthenyl . In certain embodi- 60 analyses , the NEP active - site is buried deep inside a central 
ments , a heteroaryl group may optionally be substituted with cavity , effectively restricting the size of substrate molecules 
one or more substituents Q as described herein . to no more than about 3 kDa ( Oefner et al . , J. Mol . Biol . , 

The term “ optionally substituted ” is intended to mean that 296 : 341-349 ( 2000 ) ) . Based on NPR - B signaling studies , 
a group , including alkyl , alkoxy , haloalkyl , cycloalkyl , het variants of CNP - 22 , such as CNP - 17 ( retaining only the 
erocyclyl , aryl and heteroaryl , may be substituted with one 65 cyclic domain , Cys6 - Cys22 , of CNP22 ) and CNP - 53 ( CNP 
or more substituents Q in one embodiment , one , two , three 22 with a 31 - amino acid extension at the N - terminus ) , can 
or four substituents Q ) , where each Q is independently still bind and activate NPR - B similarly to the 2.2 kDa 
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wtCNP - 22 . Accordingly , the disclosure encompasses CNP embodiment , ( b ) is Arg . In another embodiment , for 
variants conjugated to a natural ( e.g. , peptide ) and / or syn improved NEP resistance , ( b ) is not Gly . In yet another 
thetic ( e.g. , PEG ) polymer at the N - terminus and / or C - ter embodiment , ( h ) is not Arg . 
minus of CNP22 or variants thereof , which exhibit increased Non - limiting examples of amino acid sequences derived 
NEP resistance but retain the ability to bind and activate the 5 from NPPC or variants thereof include : 
NPR - B signaling receptor . 55 

In one embodiment , the disclosure encompasses CNP 
variants represented by the general formula : 

( x ) -Cys -Phe , -Gly : -Leu , -Lys 10 - Leu 1 - Asp 12 - Arg13 Glu - Arg , 
Ile 4 - Gly15 - Ser 16 - Met 7 - Ser18 - Gly 19 - Leu20 - Gly21 - Cys 22 
( z ) ( SEQ ID NO : 139 ) , or ( SEQ ID NO : 7 ) 

Gly - Ala - Asn - Lys - Lys , ( x ) -Gly , Leuz - Serz - Lys4 - Glys - Cysg - Phe -Glyg - Leug 
Lys10 - Leu 1 - Asp 12 - Arg 13 - Ile 14 - Gly15 - Ser 16 - Met 7 - Serg ( SEQ ID NO : 8 ) 
Gly119 - Leu2o - Gly21 - Cys22- ( z ) ( SEQ ID NO : 140 ) , wherein : Gly - Ala - Asn - Arg - Arg , 

( x ) and ( z ) each independently are a natural polymer ( e.g. , 15 ( SEQ ID NO : 9 ) a peptide sequence containing at least one amino acid ) Gly - Ala - Asn - Pro - Arg , and / or a synthetic polymer ( e.g. , PEG ) as described herein , 
such that the total mass of the CNP variant is characterized ( SEQ ID NO : 10 ) 
by the ranges described generally herein , e.g. , in the range Gly - Ala - Asn - Gln - Gln , 
from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa . In one 20 ( SEQ ID NO : 11 ) embodiment , the residues from Cys6 to Cys22 form a cyclic Gly - Ala - Asn - Ser - Ser , 
portion . In an embodiment , ( x ) and / or ( z ) comprise an amino 
acid extension derived from NPPC or a non - CNP polypep ( SEQ ID NO : 12 ) 

Gly - Ala - Asn - Arg - Gln , tide ( e.g. , ANP , BNP , IgG , etc. ) , wherein the extension 
contains 1 to 40 , 1 to 35 , 1 to 31 , 5 to 35 , 5 to 31 or 5 to 15 25 ( SEQ ID NO : 13 ) 
amino acids . In another embodiment , the CNP variants Gly - Ala - Asn - Arg - Met , 
comprise one or more modifications and / or substitutions 

( SEQ ID NO : 14 ) with another natural amino acid , an unnatural amino acid , a Gly - Ala - Asn - Arg - Thr , peptidomimetic and / or a peptide bond isostere at one or 
more of the following positions of CNP22 : Gly1 , Lys4 , 30 ( SEQ ID NO : 15 ) 
Gly5 , Cys6 , Phe7 , Gly8 , Leu9 , Lys10 , Leull , Ile14 , Gly15 , Gly - Ala - Asn - Arg - Ser , 
Ser16 , Met17 , Gly19 , Leu20 and Gly21 . ( SEQ ID NO : 16 ) In another embodiment , CNP variants having a total mass Ala - Ala - Trp - Ala - Arg - Leu - Leu - Gln - Glu - His - Pro - Asn 
characterized by the ranges described generally herein , e.g. , Ala , 
from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa , designed 35 

( SEQ ID NO : 17 ) for increased resistance to NEP degradation , are represented Ala - Ala - Trp - Ala - Arg - Leu - Leu - Gln - Glu - His - Pro - Asn by the general formula : Ala - Arg , 
( x ) -Cys . - Phe , -Glyg - Leu , - ( h ) 10 - Leu 1 - Asp12 - Arg13 - Ile14 

Gly15 - Ser 16 - Met17 - Ser18 - Gly 19 - Leu2 , Gly21 - Cys22- ( z ) ( SEQ ( SEQ ID NO : 18 ) 

ID NO : 141 ) , or Asp - Leu - Arg - Val - Asp - Thr - Lys - Ser - Arg - Ala - Ala - Trp 
Ala - Arg , ( x ) -Gly , -Leuz - Serz- ( b ) 4 - Glys - Cys -Phez - Glys 

Leu - ( h ) 10 - Leu 1 - Asp12 - Arg 13 - Ile 4 - Gly15 - Ser 16 - Met17 ( SEQ ID NO : 19 ) 
Ser 8 - Gly19 - Leuzo - Gly21 - Cys22- ( z ) ( SEQ ID NO : 6 ) , Gln - Glu - His - Pro - Asn - Ala - Arg - Lys - Tyr - Lys - Gly - Ala 

Asn - Lys - Lys , wherein : 
( x ) is a synthetic or natural polymeric group , or a com- 45 ( SEQ ID NO : 20 ) 

bination thereof , wherein a non - limiting example of a syn Gin - Glu - His - Pro - Asn - Ala - Arg - Lys - Tyr - Lys - Gly - Ala 
thetic polymeric group is PEG ( or PEO ) , and a non - limiting Asn - Arg - Arg , 

example of a natural polymeric group is an amino acid ( SEQ ID NO : 21 ) sequence containing from 1 to 35 amino acids and derived Asp - Leu - Arg - Val - Asp - Thr - Lys - Ser - Arg - Ala - Ala - Trp 
from NPPC or variants thereof with substitutions and / or 50 Ala - Arg - Leu - Leu - Gin - Glu - His - Pro - Asn - Ala - Arg - Lys 
deletions , ANP , BNP , or other non - CNP ( poly ) peptides such Tyr - Lys - Gly - Ala - Asn - Lys - Lys , 
as , e.g. , serum albumin , IgG , histidine - rich glycoproteins , 
fibronectin , fibrinogen , zinc finger - containing polypeptides , ( SEQ ID NO : 22 ) 
osteocrin or fibroblast growth factor 2 ( FGF2 ) ; Asp - Leu - Arg - Val - Asp - Thr - Lys - Ser - Arg - Ala - Ala - Trp 

( 2 ) may be absent or may be a synthetic or natural 55 Ala - Arg - Leu - Leu - Gin - Glu - His - Pro - Asn - Ala - Arg - Lys 
Tyr - Lys - Gly - Ala - Asn - Arg - Arg . polymeric group , or a combination thereof , wherein a non 

limiting example of a synthetic polymeric group is PEG , and Non - limiting examples of amino acid sequences derived 
a non - limiting example of a natural polymeric group is an from non - CNP polypeptides such as , e.g. , ANP , BNP , serum 
amino acid sequence derived from a natriuretic polypeptide albumin and IgG include : 
( e.g. , NPPC , CNP , ANP or BNP ) or non - natriuretic poly- 60 
peptide ( e.g. , serum albumin or IgG ) ; and 

( b ) and ( h ) independently may be the wild type Lys at that ( SEQ ID NO : 23 ) 
position or may be replaced with a conservative amino acid Ser - Leu - Arg - Arg - Ser - Ser ; 
substitution or any natural or unnatural amino acid or ( SEQ ID NO : 24 ) peptidomimetic that does not have a reactive primary amine 65 Asn - Ser - Phe - Arg - Tyr ; 
on a side chain , including but not limited to Arg , Gly , 
6 - hydroxynorleucine , citrulline ( Cit ) , Gln , Glu or Ser . In one 
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- continued albumin ( HSA ) , histidine - rich glycoproteins , 
( SEQ ID NO : 25 ) fibronectin , fibrinogen , zinc finger - containing polypeptides , 

Ser - Pro - Lys - Met - Val - Gln - Gly - Ser - Gly ; FGF - 2 , and bone - targeting proteins ( e.g. , osteocrin , osteo 
( SEQ ID NO : 26 ) pontin , osteocalcin , and sialoprotein ) . 

Met - Val - Gin - Gly - Ser - Gly ; In any embodiment described herein in which CNP22 or 
a variant thereof can have an N - terminal ( x ) group and / or a ( SEQ ID NO : 27 ) 

Lys - Val - Leu - Arg - Arg - Tyr ; C - terminal ( 2 ) group , ( x ) and / or ( 2 ) independently can 
contain an amino acid sequence derived from the functional 

( SEQ ID NO : 28 ) domain of a bone morphogenetic protein ( BMP ) . An N - ter Lys - Val - Leu - Arg - Arg - His ; minal and / or C - terminal amino acid extension derived from 
( SEQ ID NO : 29 ) the functional domain of a BMP can increase the NEP 

Gly - Gln - His - Lys - Asp - Asp - Asn - Pro - Asn - Leu - Pro - Arg ; resistance , and hence the serum half - life of the CNP variant , 
( SEQ ID NO : 30 ) by increasing the total mass of the CNP variant to charac 

Gly - Val - Pro - Gln - Val - Ser - Thr - Ser - Thr ; terized by the ranges described generally herein , e.g. , a 
range from about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa . 

( SEQ ID NO : 31 ) In addition , since certain BMPs are growth factors and Gly - Glu - Arg - Ala - Phe - Lys - Ala - Trp - Ala - Val - Ala - Arg 
Leu - Ser - Gln ; cytokines that induce the formation of bone and cartilage , a 
and fragment derived from the functional domain of a BMP can 

promote chondrocyte , cartilage or bone growth by a mecha 
( SEQ ID NO : 32 ) nism distinct from activation of the guanylyl cyclase func Gly - Gln - Pro - Arg - Glu - Pro - Gln - Val - Tyr - Thr - Leu - Pro tion of NPR - B by the cyclic domain of CNP22 or a variant 

thereof . Non - limiting examples of BMPs that promote bone 
In an embodiment , the N - terminal ( x ) group and / or the formation and development , cartilage formation and devel 

C - terminal ( z ) group of any of the CNP variants having an opment , and / or osteoblast differentiation include BMP1 , 
( x ) and / or ( 2 ) group , as described herein , independently BMP2 , BMP3 , BMP5 , BMP7 and BMP8a . In an embodi 
comprise an amino acid sequence that contains a small ment , the N - terminus and / or C - terminus of CNP22 or a 
number of , if any , acidic natural or unnatural amino acids variant thereof independently are conjugated to an amino 
( e.g. , Asp or Glu ) . In another embodiment , ( x ) and / or ( 2 ) are acid sequence derived from the last 140 amino acids in the 
enriched in basic natural or unnatural amino acids ( e.g. , Lys , 30 C - terminal portion of BMP1 , BMP2 , BMP3 , BMP5 , BMP7 
Arg or His ) to maintain an alkaline pl similar to the pl of or BMP8a . 
CNP22 ( pI 8.9 ) . In one embodiment , the pl of the CNP In one embodiment , the CNP variants contain an amino 

acid extension at the N - terminus and / or C - terminus of variants is in the range from about 8 to about 10.5 , designed 
so that the CNP variants can diffuse more readily through the CNP22 or CNP17 , including but not limited to : 
extracellular matrix surrounding chondrocytes of bone 35 
growth plates . In narrower embodiments , the pl of the CNP ( SEQ ID NO : 4 ) 
variants is from about 8.5 to about 10.5 , or from about 8.5 DLRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMS 
to about 10 , or from about 9 to about 10 . GLGC ( CNP - 53 ) ; 

In yet another embodiment , ( x ) and / or ( z ) are enriched in 
( SEQ ID NO : 60 ) polar natural or unnatural amino acids , designed for 40 QEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC increased aqueous solubility . In still another embodiment , ( CNP - 37 , Analog BL ) ; 

( x ) and / or ( 2 ) contain a small number of , if any , hydrophobic 
natural or unnatural amino acids ( e.g. , Ala , Val , Leu , lle or ( SEQ ID NO : 61 ) 
Met ) . AAWARLLQEHPNAGLSKGCFGLKLDRIGSMSGLGC ( Analog CA ) ; 

In a further embodiment , the N - terminus of the CNP 45 ( SEQ ID NO : 62 ) 
variants terminates in at least one glycine residue , designed AAWARLLQEHPNARGLSKGCFGLKLDRIGSMSGLGC ( Analog CB ) ; 
for increased serum half - life . In a related embodiment , to ( SEQ ID NO : 63 ) prevent pyroglutamine formation , the N - terminus of CNP DLRVDTKSRAAWARGLSKGCFGLKLDRIGSMSGLGC ( Analog CC ) ; variants terminates in a glycine residue if it would otherwise 
terminate in glutamine . In one embodiment , the ( x ) group 50 ( SEQ ID NO : 40 ) 
contains an amino acid extension whose N - terminus termi RGLSKGCFGLKLDRIGSMSGLGC ; 
nates in at least one glycine residue . In another embodiment , ( SEQ ID NO : 38 ) 
( x ) and / or ( z ) do not contain two adjacent basic natural or ERGLSKGCFGLKLDRIGSMSGLGC ; 
unnatural amino acids ( e.g. , Lys - Lys or Arg - Arg ) , designed 
to reduce susceptibility to cleavage by the protease furin . In 55 ( SEQ ID NO : 64 ) 

GANQQGLSKGCFGLKLDRIGSMSGLGC ; an embodiment , ( x ) does not contain two adjacent basic 
amino acids immediately preceding the position correspond ( SEQ ID NO : 65 ) 
ing to Glyl of CNP22 . GANRRGLSKGCFGLKLDRIGSMSGLGC ; 

In still another embodiment , the ( x ) group and / or the ( z ) 
( SEQ ID NO : 66 ) group of the CNP variants comprise an amino acid sequence 60 GANPRGLSKGCFGLKLDRIGSMSGLGC ; derived from NPPC ( e.g. , derived from CNP53 ) . In an 

embodiment , ( x ) comprises an amino acid sequence derived ( SEQ ID NO : 67 ) 
from the N - terminal tail of ANP or BNP . In another embodi GANSSGLSKGCFGLKLDRIGSMSGLGC ; 
ment , ( 2 ) comprises an amino acid sequence derived from ( SEQ ID NO : 144 ) the C - terminal tail of ANP or BNP . In a further embodiment , 65 GHKSEVAHRFKGANKKGLSKGCFGLKLDRIGSMSGLGC ; 
( x ) and / or ( z ) comprise an amino acid sequence derived 
from a non - natriuretic polypeptide such as , e.g. , IgG , human 
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- continued - continued 
( SEQ ID NO : 68 ) 

SPKMVQGSG - CNP17 - KVLRRH ( Analog CD ) ( CNP17 having 
N - terminal and C - terminal tails derived from BNP ) . 

( SEQ ID NO : 80 ) 
GQHKDDNPNLPRGANPRGLSKGCFGLKLDRIGSMSGLGC ( Analog 
CY ) ( human serum albumin ( HSA ) fragment - CNP22 
chimera ) ; 5 In another embodiment , the CNP variants have a K4R 

substitution at position 4 of CNP22 . Non - limiting examples 
of CNP ( K4R ) variants include : ( SEQ ID NO : 81 ) 

GERAFKAWAVARLSQGLSKGCFGLKLDRIGSMSGLGC ( Analog CE ) 
( HSA fragment - CNP22 chimera ) ; 

( ( SEQ ID NO : 36 ) 10 
GANRRGLSRGCFGLKLDRIGSMSGLGC ( Analog AY ) ; 

( SEQ ID NO : 82 ) 
FGIPMDRIGRNPRGLSKGCFGLKLDRIGSMSGLGC ( Analog cz ) 
( osteocrin " NPR C inhibitor " fragment - CNP22 
chimera ) ; 
and 

( SEQ ID NO : 37 ) 
GANPRGLSRGCFGLKLDRIGSMSGLGC ( Analog CI ) ; 

69 ) 
20 

( SEQ ID NO : 41 ) 15 ( SEQ ID NO : 83 ) 
RGLSRGCFGLKLDRIGSMSGLGC ( Analog AZ ) ; GKRTGQYKLGSKTGPGPKGLSKGCFGLKLDRIGSMSGLGC 

( Analog DA ) ( FGF2 " heparin - binding domain " 
( SEQ ID NO : 39 ) fragment - CNP22 chimera ) . 

ERGLSRGCFGLKLDRIGSMSGLGC ( Analog BA ) ; In yet another embodiment , the CNP variants are chimera 
( SEQ ID NO : comprising an N - terminal peptide fragment and CNP22 in 

GANQQGLSRGCFGLKLDRIGSMSGLGC ( Analog CH ) ; which arginine is substituted for Lys4 of CNP22 ( “ CNP22 
and ( K4R ) ” ) , including but not limited to : 

( SEQ ID NO : 70 ) 
GANSSGLSRGCFGLKLDRIGSMSGLGC ( Analog CG ) . 

( SEQ ID NO : 84 ) 
In further embodiments , the CNP variants are chimeras 25 GQPREPQVYTGANQQGLSRGCFGLKLDRIGSMSGLGC ( Analog CK ) 

comprising CNP22 , or a variant thereof having amino acid ( IgG ( F . ) fragment - CNP22 ( K4R ) chimera ) ; 
addition ( s ) , deletion ( s ) and / or substitution ( s ) , and a peptide ( SEQ ID NO : 85 ) 
fragment derived from a polypeptide or protein other than GVPQVSTSTGANQQGLSRGCFGLKLDRIGSMSGLGC ( Analog CL ) 
CNP , or the whole non - CNP polypeptide or protein , to the ( HSA fragment - CNP22 ( K4R ) chimera ) 
N - terminus of the CNP peptide , wherein CNP22 or the 30 ( SEQ ID NO : 86 ) variant thereof may optionally have an N - terminal amino GQPSSSSQSTGANOQGLSRGCFGLKLDRIGSMSGLGC 
acid extension of one or more amino acid residues . In certain ( Analog CM ) ( fibronectin fragment - CNP22 ( K4R ) 
embodiments , the CNP chimeras comprise CNP22 or a chimera ) ; 
variant thereof that has an N - terminal amino acid extension ( SEQ ID NO : 87 ) of one or more amino acid residues . In certain embodiments , 35 GQTHSSGTQSGANQQGLSRGCFGLKLDRIGSMSGLGC 
the CNP chimeras contain lysine - lysine ( KK ) residues or ( Analog CN ) ( fibrinogen fragment - CNP22 ( K4R ) 
GANKK residues immediately preceding the first position chimera ) ; 
of CNP22 ( Gly in the case of CNP22 ) or a variant thereof . ( SEQ ID NO : 88 ) In other embodiments , the CNP chimeras contain one or two GSTGQWHSESGANQQGLSRGCFGLKLDRIGSMSGLGC 
residues different from lysine - lysine immediately preceding 40 ( Analog co ) ( fibrinogen fragment - CNP22 ( K4R ) 
the first position of CNP22 or a variant thereof . Non - limiting chimera ) ; 
examples of residues that can immediately precede the first 
position of CNP22 or a variant thereof include KP , PK , PR , ( SEQ ID NO : 89 ) 
PQ , QK , QQ , RR , SS , GANKP ( SEQ ID NO : 200 ) , GANPK GSSSSSSSSSGANOOGLSRGCFGLKLDRIGSMSGLGC 
( SEQ ID NO : 201 ) , GANPR ( SEQ ID NO : 9 ) , GANPQ 45 ( Analog CP ) ( zinc finger fragment - CNP22 ( K4R ) 
( SEQ ID NO : 202 ) , GANOK ( SEQ ID NO : 203 ) , GANQQ chimera ) . 
( SEQ ID NO : 10 ) , GANRR ( SEQ ID NO : 8 ) , and GANSS Chimera comprising IgG and CNP22 or a variant thereof 
( SEQ ID NO : 11 ) . are designed for , inter alia , increased resistance to NEP 

In another embodiment , the CNP variants are chimera degradation and reduced binding to serum albumin . CNP 
comprising CNP22 and an N - terminal peptide fragment , 50 chimera comprising a surface fragment of HSA are designed 
including but not limited to : for , inter alia , reduced immunogenicity and reduced binding 

to serum albumin . HRGP - CNP22 and HRGP - CNP22 ( K4R ) 
chimera containing a cationic , histidine - rich , non - lysine , 

( SEQ ID NO : 76 ) non - arginine sequence at the N - terminus are designed for , 
GHHSHEQHPHGANQQGLSKGCFGLKLDRIGSMSGLGC ( Analog CQ ) 55 inter alia , increased stability to proteases . Chimera contain ( histidine - rich glycoprotein ( HRGP ) fragment ing an osteocrin fragment are designed to release , upon CNP22 chimera ) ; protease ( e.g. , furin ) cleavage , the osteocrin fragment at 

( SEQ ID NO : 77 ) bone growth plates , where the fragment would inhibit the 
GAHHPHEHDTHGANQQGLSKGCFGLKLDRIGSMSGLGC ( Analog CR ) clearance receptor NPR - C . With respect to chimera com 
( HRGP fragment - CNP22 chimera ) ; 60 prising an FGF2 heparin - binding fragment , heparin binding 

( SEQ ID NO : 78 ) to the fragment is designed to protect the chimera from 
GHHSHEQHPHGANPRGLSKGCFGLKLDRIGSMSGLGC ( Analog CX ) degradation , thereby providing a longer serum half - life . 
( HRGP fragment - CNP22 chimera ) ; Chimera containing a fibronectin , fibrinogen , or zinc - finger 

fragment are designed for reduced binding to serum albu ( SEQ ID NO : 79 ) 
GQPREPQVYTLPPSGLSKGCFGLKLDRIGSMSGLGC ( Analog CF ) 65 min , among other features . 
( IgG ( F. ) fragment - CNP22 chimera ) ; Not intending to be bound by theory , a CNP variant of 

molecular weight from about 2.6 or 2.8 kDa to about 6 or 7 

and 
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kDa which has increased resistance to NEP degradation and - continued 
has similar or improved functionality ( e.g. , binding to ( SEQ ID NO : 154 ) 

AAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC NPR - B and stimulation of cGMP signaling ) as compared to ( CNP - 44 ) ; 
wtCNP22 , may be more effective if it does not bind tightly ( SEQ ID NO : 155 ) to plasma proteins such as serum albumin . A CNP variant AWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
that does not bind tightly to plasma proteins ( e.g. , serum ( CNP - 43 ) ; 

albumin ) may be more effective in diffusing through carti ( SEQ ID NO : 156 ) lage , getting to chondrocytes of bone growth plates , and WARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
binding to and activating NPR - B for cGMP signaling . In one 10 ( CNP - 42 ) ; 
embodiment , CNP variants designed for reduced binding to ( SEQ ID NO : 157 ) 
plasma proteins ( e.g. , serum albumin ) are chimeras com ARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 

( CNP - 41 ) ; prising CNP22 or a variant thereof and a peptide fragment 
from IgG . In another embodiment , CNP variants designed ( SEQ ID NO : 158 ) 
for reduced binding to plasma proteins are chimeras com RLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 40 ) ; 

prising CNP22 or CNP22 ( K4R ) and a fragment from a ( SEQ ID NO : 159 ) 
polypeptide ( e.g. , IgG , HSA , fibronectin , fibrinogen , a zinc LLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 39 ) ; 
finger - containing polypeptide , etc. ) . In yet another embodi ( SEQ ID NO : 160 ) 
ment , CNP variants designed for reduced binding to plasma 20 LQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 38 ) ; 
proteins comprise CNP22 or a variant thereof conjugated to 

( SEQ ID NO : 60 ) a hydrophilic or water - soluble polymer . In one embodiment , QEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 37 ) ; 
the hydrophilic or water - soluble polymer is PEG ( or PEO ) . 
In another embodiment , the hydrophilic or water - soluble ( SEQ ID NO : 161 ) 

EHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 36 ) ; polymer ( e.g. , PEG ) is functionalized with one or more 
functional groups that impart a negative charge to the ( SEQ ID NO : 162 ) 

HPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 35 ) ; polymer under physiological conditions , such as , e.g , car 
boxyl , sulfate or phosphate groups , or a combination ( SEQ ID NO : 163 ) 
thereof . 30 PNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 34 ) ; 

In a further embodiment , CNP variants of the disclosure ( SEQ ID NO : 164 ) 
include truncated CNP peptides ranging from human CNP NARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 33 ) ; 
17 ( hCNP - 17 ) to human CNP - 53 ( hCNP - 53 ) , and having 
wildtype amino acid sequences derived from hCNP - 53 . ( SEQ ID NO : 165 ) 

ARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 32 ) ; Such truncated CNP peptides include : 
( SEQ ID NO : 166 ) 

RKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 31 ) ; 
( SEQ ID NO : 4 ) 

DLRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSG ( SEQ ID NO : 167 ) 
LGC ( CNP - 53 ) ; KYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 30 ) ; 40 

25 

35 

( SEQ ID NO : 146 ) 
LRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGL 
GC ( CNP - 52 ) ; 

( SEQ ID NO : 168 ) 
YKGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 29 ) ; 

( SEQ ID NO : 169 ) 
KGANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 28 ) ; ( SEQ ID NO : 147 ) 

RVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGL 
GC ( CNP - 51 ) ; 

45 
( SEQ ID NO : 170 ) 

GANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 27 ) ; 
( SEQ ID NO : 148 ) 

VDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( CNP - 50 ) ; 

( SEQ ID NO : 171 ) 
ANKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 26 ) ; 

50 
( SEQ ID NO : 172 ) ( SEQ ID NO : 149 ) 

DTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( CNP - 49 ) ; 

NKKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 25 ) ; 

( SEQ ID NO : 173 ) 
KKGLSKGCFGLKLDRIGSMSGLGC ( CNP - 24 ) ; ( SEQ ID NO : 150 ) 

TKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( CNP - 48 ) ; 

55 
( SEQ ID NO : 174 ) 

KGLSKGCFGLKLDRIGSMSGLGC ( CNP - 23 ) ; 
( SEQ ID NO : 151 ) 

KSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( CNP - 47 ) ; 

( SEQ ID NO : 1 ) 
GLSKGCFGLKLDRIGSMSGLGC ( CNP - 22 ) ; 

60 ( SEQ ID NO : 175 ) ( SEQ ID NO : 152 ) 
SRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( CNP - 46 ) ; 

LSKGCFGLKLDRIGSMSGLGC ( CNP - 21 ) ; 

( SEQ II NO : 6 ) 
SKGCFGLKLDRIGSMSGLGC ( CNP - 20 ) ; ( SEQ ID NO : 153 ) 

RAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( CNP - 45 ) ; 65 ( SEQ ID NO : 177 ) 

KGCFGLKLDRIGSMSGLGC ( CNP - 19 ) ; 
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- continued ing but not limited to bone- or cartilage - targeting moieties 
( e.g. , bone - targeting peptide domains ) , moieties that reduce 

( SEQ ID NO : 178 ) renal clearance ( e.g. , negatively charged PEG moieties ) , GCFGLKLDRIGSMSGLGC ( CNP - 18 ) ; 
and hydrophilic polymers ( e.g. , PEG ) , amino acid sequences 

comprising one or more amino acids ( e.g. , osteocrin 
( SEQ ID NO : 2 ) “ NPR - C inhibitor " fragment ) , carbohydrates ( e.g. , carbohy CFGLKLDRIGSMSGLGC ( CNP - 17 ) . drates recognized by receptors on the surface of cells at bone 

In certain embodiments , CNP variants do not include growth plates ) , hydrophobic acids ( e.g. , C5 - C12 carboxylic 
CNP17 , CNP - 22 or CNP - 53 . acids and natural fatty acids ) , and combinations thereof . 

In another embodiment , the truncated CNP peptides rang In one embodiment , the CNP variants are modified ing from hCNP - 17 to hCNP - 53 can contain amino acid CNP37 peptides having mutation ( s ) / substitution ( s ) at the 
addition ( s ) , deletion ( s ) and / or substitution ( s ) with natural or furin cleavage site ( underlined ) , designed to improve in vivo unnatural amino acid ( s ) or peptidomimetic ( s ) ( e.g. , peptide resistance to the furin protease , and / or containing glycine 
bond isostere ( s ) ) , as described herein , at any one or more of 15 ( underlined ) at the N - terminus , designed to improve plasma 
the amino acid positions of the particular truncated CNP stability and prevent pyroglutamine formation . Such CNP37 
peptides . In yet another embodiment , the truncated CNP variants include but are not limited to : peptides having wild - type sequences or amino acid 
addition ( s ) , deletion ( s ) and / or substitution ( s ) , can be conju 
gated at the N - terminus , C - terminus and / or internal site ( s ) to 20 ( SEQ ID NO : 71 ) 
any of the moieties described herein , including but not GQEHPNARKYKGANPKGLSKGCFGLKLDRIGSMSGLGC ( An . CS ) ; 

limited to bone- or cartilage - targeting moieties ( e.g. , bis ( SEQ ID NO : 72 ) 
phosphonates , bone cartilage - targeting peptide GQEHPNAR KYKG : GLSKGCFGLKLDRIGSMSGLGC ( An . CT ) ; 
sequences ( e.g. , polyAsp , pol - yGlu ) , peptide sequences 
derived from bone - targeting domains of bone proteins ( e.g. , 25 ( SEQ ID NO : 73 ) 

GQEHPNARKYKGANOQGLSKGCFGLKLDRIGSMSGLGC ( An . CU ) ; osteopontin , osteocalcin , sialoprotein ) ) , peptide sequences 
derived from the functional domains of bone morphogenetic ( SEQ ID NO : 74 ) 
proteins ( e.g. , BMP2 , BMP3 , BMP5 , BMP7 , BMP8a ) , pep GQEHPNARKYKGANKPGLSKGCFGLKLDRIGSMSGLGC ( An . CW ) ; 
tide sequences derived from natriuretic polypeptides ( e.g. , 
NPPC , ANP , BNP ) , peptide sequences derived from poly- 30 ( SEQ ID NO : 75 ) 

peptides of non - natriuretic origin ( e.g. , serum albumin , IgG , GQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( Gly - CNP37 , An . DB ) ; histidine - rich glycoproteins , fibronectin , fibrinogen , zinc 

finger - containing polypeptides , FGF - 2 , osteocrin ) , moieties 
that reduce renal clearance ( e.g. , negatively charged PEG ( SEQ ID NO : 145 ) 
moieties ) , hydrophilic polymers ( e.g. , PEG ) , carbohydrates 35 PGQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
( e.g. , carbohydrates recognized by receptors on the surface ( Pro - Gly - CNP37 ) 

of cells at bone growth plates ) , hydrophobic acids ( e.g. , 
C5 - C12 carboxylic acids , natural fatty acids ) , phospholipids , In a further embodiment , the CNP variants of the disclo 
and combinations thereof . In an embodiment , the truncated sure include CNP peptides and variants thereof that can be 
CNP peptides having wildtype sequences or amino acid 40 produced by the fusion protein process described herein . 
addition ( s ) , deletion ( s ) and / or substitution ( s ) , and optionally Non - limiting examples of CNP variants that can be pro 
conjugated to one or more moieties at the N - terminus , duced by the fusion protein process described herein , using 
C - terminus and / or internal site ( s ) , have a total mass char ch ical or proteolytic cleavage or protein self - cleavage , 
acterized by the ranges described generally herein , e.g. , from include : 
about 2.6 kDa or 2.8 kDa to about 6 or 7 kDa . 

In a further embodiment , the CNP variants are derivatives 
of CNP37 , which is QEHPNARKYKGANKK - CNP22 ( SEQ ID NO : 179 ) 

GDLRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMS ( SEQ ID NO : 60 ) . The CNP37 variants can contain amino GLGC ( Gly - wtCNP53 ) ; 
acid addition ( s ) , deletion ( s ) , and / or substitution ( s ) with 
natural or unnatural amino acid ( s ) or peptidomimetic ( s ) 50 ( SEQ ID NO : 75 ) 
( e.g. , peptide bond isostere ( s ) ) at any one or more of the 37 GQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 
positions of CNP37 . Non - limiting examples of substitutions ( Gly - wtCNP37 ) ; 

that can be made in CNP37 , based on the numbering of ( SEQ ID NO : 60 ) 
CNP22 , include K4R , G5S , G5R , G8S , K10R , G15S , S16Q , QEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( wt CNP37 ) ; 
M17N , G19R , and combinations thereof . In an embodiment , 55 
the CNP37 derivatives contain a substitution of Met17 to a ( SEQ ID NO : 144 ) 

GHKSEVAHRFK - GANKKGLSKGCFGLKLDRIGSMSGLGC natural ( e.g. , asparagine ) or unnatural amino acid or pep ( HSA fragment - wtCNP27 ) ; 
tidomimetic , designed in part to avoid oxidation of the sulfur 
atom of methionine . In another embodiment , the CNP37 ( SEQ ID NO : 36 ) 

GANRRGLSRGCFGLKLDRIGSMSGLGC ( CNP27 ( K4,5 , 9R ) ] ; variants contain substitution ( s ) of Lys8 , Lys10 , Lys14 and / or 60 
Lys15 ( based on numbering from the N - terminus of CNP37 ) ( SEQ ID NO : 180 ) 
to non - basic natural or unnatural amino acid ( s ) or peptio DLRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSNSG 
mimetic ( s ) , designed in part to reduce albumin binding . LGC [ CNP53 ( M48N ) ] ; 

In addition or alternatively to amino acid addition ( s ) , ( SEQ ID NO : 181 ) 
deletion ( s ) and / or substitution ( s ) , the CNP37 derivatives can 65 GQEHPNARKYKGANKKGLSKGCFGLKLDRIGSNSGLGC 
be conjugated at the N - terminus , C - terminus , and / or an [ Gly - CNP37 ( M32N ) ] ; 
internal site to any of the moieties described herein , includ 

and 

45 
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- continued substituted with any other natural or unnatural amino acids , 
including conservative substitutions such as Asn to Gln , 

( SEQ ID NO : 182 ) include wtCNP34 , wtCNP37 , Gly - wtCNP37 , Pro QEHPNARKYKGANKKGLSKGCFGLKLDRIGSNSGLGC 
[ CNP37 ( M32N ) ] ; wtCNP37 , Pro - Gly - wtCNP37 , GHKSEVAHRFK - WtCNP27 

( SEQ ID NO : 144 ) , Pro - GHKSE - VAHRFK - WtCNP27 ( SEQ 
( SEQ ID NO : 183 ) ID NO : 188 ) , PEO12 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : GHKSEVAHRFK - GANKKGLSKGCFGLKLDRIGSNSGLGC 

[ HSA - CNP27 ( M22N ) ] ; 36 ) , and PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) . 
In certain embodiments , an asparagine residue of the CNP 

( SEQ ID NO : 184 ) peptides and CNP variants described herein is not substi GANRRGLSRGCFGLKLDRIGSNSGLGC [ CNP27 ( K4,5 , 9R , 
M22N ) ] ; tuted with glutamine , aspartic acid or glutamic acid . In 

certain embodiments , a glutamine residue of the CNP pep 
( SEQ ID NO : 185 ) tides and CNP variants described herein is not substituted 

PDLRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMS 
GLGC ( Pro - wt CNP53 ) ; with asparagine , aspartic acid or glutamic acid . As a non 

15 limiting example , asparagine residues 7 and / or 15 of Pro 
( SEQ ID NO : 145 ) Gly - wtCNP37 ( PGQEHP NARKYKGANKKGLSKGCF 

PGQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC GLKLDRIGSMSGLGC ) SEQ ID NO : 145 ) ( Pro - Gly - wtCNP37 ) ; independently be substituted with any other natural or 
( SEQ ID NO : 186 ) unnatural amino acids , including glutamine , to avoid any 

PQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC 20 potential deamidation of the asparagine residue ( s ) to aspartic ( Pro - wtCNP37 ) ; acid or isoaspartic acid . In certain embodiments , asparagine 
( SEQ ID NO : 187 ) residues 7 and / or 15 of Pro - Gly - wtCNP37 are not substi 

PNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( wt CNP34 ) ; tuted with glutamine , aspartic acid or glutamic acid . 
( SEQ ID NO : 188 ) It is understood , however , that the present disclosure 

P - GHKSEVAHRFK - GANKKGLSKGCFGLKLDRIGSMSGLGC 25 encompasses CNP variants in which any one or more , up to 
( Pro - HSA - WtCNP27 ) ; all , residues susceptible to deamidation or a deamidation 

like reaction ( e.g. , isomerization ) may be converted to other ( SEQ ID NO : 189 ) 
PGANRRGLSRGCFGLKLDRIGSMSGLGC [ Pro - CNP27 ( K4,5,9R ) ] ; residue ( s ) via deamidation or a deamidation - like reaction to 

any extent , up to 100 % conversion per converted residue . In 
( SEQ ID NO : 190 ) 30 certain embodiments , the disclosure encompasses CNP vari 

MDLRVDTKSRAAWARLLQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMS ants in which : ( Met - wtCNP53 ) ; ( 1 ) any one or more , up to all , asparagine ( Asn / N ) residues 
( SEQ ID NO : 191 ) may be converted to aspartic acid or aspartate , and / or to 

MGQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC isoaspartic acid or isoaspartate , via deamidation up to 
( Met - Gly - wtCNP37 ) ; about 5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 

( SEQ ID NO : 192 ) 90 % or 100 % conversion per converted residue ; or 
MQEHPNARKYKGANKKGLSKGCFGLKLDRIGSMSGLGC ( 2 ) any one or more , up to all , glutamine ( Gln / Q ) residues 
( Met - WtCNP37 ) ; may be converted to glutamic acid or glutamate , and / or to 

isoglutamic acid or isoglutamate , via deamidation up to ( SEQ ID NO : 193 ) about 5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , M - GHKSEVAHRFK - GANKKGLSKGCFGLKLDRIGSMSGLGC 
( Met - HSA - WECNP27 ) ; 90 % or 100 % conversion per converted residue ; or 

( 3 ) any one or more , up to all , aspartic acid or aspartate 
( SEQ ID NO : 194 ) ( Asp / D ) residues may be converted to isoaspartic acid or MGANRRGLSRGCFGLKLDRIGSMSGLGC [ Met - CNP27 ( K4,5,9R ) ] . isoaspartate via a deamidation - like reaction ( also called 

Other CNP variants , including truncated CNP peptides 45 isomerization ) up to about 5 % , 10 % , 20 % , 30 % , 40 % , 
ranging from hCNP - 17 to hCNP - 53 and having wild - type 50 % , 60 % , 70 % , 80 % , 90 % or 100 % conversion per 

converted residue ; or sequences or amino acid addition ( s ) , deletion ( s ) and / or 
substitution ( s ) , can also be produced by the fusion protein ( 4 ) any one or more , up to all , glutamic acid or glutamate 
process described herein , so long as the intended site of ( Glu / E ) residues may be converted to isoglutamic acid or 
chemical or proteolytic cleavage of the fusion protein is not isoglutamate via a deamidation - like reaction ( also called 
present within the amino acid sequence of the target CNP isomerization ) up to about 5 % , 10 % , 20 % , 30 % , 40 % , 

50 % , 60 % , 70 % , 80 % , 90 % or 100 % conversion per variant itself . As a non - limiting example , the fusion protein converted residue ; or process described herein can be employed to produce trun ( 5 ) a combination of the above . cated wtCNP34 using formic acid cleavage . As a non - limiting example , the disclosure encompasses In additional embodiments , for any of the CNP peptides CNP variants in which any one or more , up to all , aspara 
and CNP variants described herein that have asparagine gine , glutamine , aspartic acid , and / or glutamic acid residues 
( Asn / N ) residue ( s ) and / or glutamine ( Gln / Q ) residue ( s ) , of Pro - Gly - wtCNP37 [ PGQEHPNARKYKGA 
whether they have a wild - type sequence or a non - natural NKKGLSKGCFGLKLDRIGSMSGLGC ] ( SEQ ID NO : 
amino acid sequence , any Asn residue ( s ) and / or any Gln 60 145 ) may be converted to ( 1 ) aspartic acid / aspartate and / or 
residue ( s ) can independently be substituted with any other isoaspartic acid / isoaspartate , ( 2 ) glutamic acid / glutamate 
natural or unnatural amino acids , including conservative and / or isoglutamic acid / isoglutamate , ( 3 ) isoaspartic acid / 
substitutions such as Asn to Gln . Such substitution ( s ) are isoaspartate , and / or ( 4 ) isoglutamic acid / isoglutamate , 
designed in part to minimize or avoid any potential deami respectively , via deamidation or a deamidation - like reaction 
dation of asparagine and / or glutamine . Non - limiting 65 up to about 5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 
examples of CNP peptides and variants in which any Asn 80 % , 90 % or 100 % conversion per converted residue , as 
residue ( s ) and / or any Gln residue ( s ) can independently be described above . 
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As a further example , the disclosure encompasses CNP minus and / or C - terminus to peptide sequence ( s ) that facili 
variants in which any one or more , up to all , asparagine tate transport of the variants across a cell membrane or cell 
and / or aspartic acid residues of Pro - Gly - wtCNP37 barrier , including via active peptide transporters . 
[ PGQEHP NARKYKGANKKGLSKGCFGLKL In a further embodiment , the N - terminus and / or C - termi 
DRIGSMSGLGC ] ( SEQ ID NO : 145 ) may be converted to nus of CNP22 or a variant thereof are conjugated to chemi 
( 1 ) aspartic acid / aspartate and / or isoaspartic acid / isoaspar cal moieties such as , e.g. , natural and / or synthetic polymers , 
tate , and / or ( 2 ) isoaspartic acid / isoaspartate , respectively , to increase the total mass of the modified CNP peptide to the 
via deamidation or a deamidation - like reaction up to about ranges described generally herein , e.g. , a range from about 
5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % or 2.6 or 2.8 kDa to about 6 or 7 kDa . In one embodiment , the 
100 % conversion per converted residue . 10 chemical moieties are biocompatible hydrophilic or water 
As another example , the present disclosure encompasses soluble natural ( e.g. , peptides , carbohydrates ) or synthetic 

CNP variants in which any one or more , up to all , aspara ( e.g. , PEG ( or PEO ) ) polymers . 
gine , glutamine , aspartic acid , and / or glutamic acid residues In a particular embodiment , the N - terminus and / or C - ter 
of Gly - wtCNP37 GOEHPNARKYKGA minus of CNP22 or a variant thereof are conjugated to PEG 
NKKGLSKGCFGLKLDRIGSMSGLGC ( SEQ ID NO : 15 ( or PEO ) polymers to result in a total mass characterized by 
75 ) ] may be converted to ( 1 ) aspartic acid / aspartate and / or the ranges described generally herein , e.g. , from about 2.6 or 
isoaspartic acid / isoaspartate , ( 2 ) glutamic acid / glutamate 2.8 kDa to about 6 or 7 kDa . Pegylation of CNP22 or a 
and / or isoglutamic acid / isoglutamate , ( 3 ) isoaspartic acid / variant thereof is designed , inter alia , to reduce immunoge 
isoaspartate , and / or ( 4 ) isoglutamic acid / isoglutamate , nicity and improve half - life by reducing renal clearance and 
respectively , via deamidation or a deamidation - like reaction 20 increasing protease resistance . A PEG moiety can be 
up to about 5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , attached to the N- and / or C - terminus of CNP22 or any 
80 % , 90 % or 100 % conversion per converted residue . variant described herein , including but not limited to CNP 
As yet another example , the disclosure encompasses CNP 17 ( the Cys6 - Cys22 cyclized portion of CNP22 ) , CNP37 , 

variants in which any one or more , up to all , asparagine , and variants of CNP17 , CNP22 or CNP37 having N- and / or 
glutamine , aspartic acid , and / or glutamic acid residues of 25 C - terminal amino acid extension ( s ) , amino acid 
wtCNP37 [ QEHPNARKYKGANKKGLSKGCFGLKL substitution ( s ) and / or amino acid deletion ( s ) . In an embodi 
DRIGSMSGLGSEQ ID NO : 60 ) ] may be converted to ( 1 ) ment , the Lys4 and / or Lys10 residues of CNP17 , CNP22 or 
partic acid / aspartate and / or isoaspartic acid / isoaspartate , ( 2 ) CNP37 , or variants thereof , are substituted with a natural or 
glutamic acid / glutamate and / or isoglutamic acid / isogluta unnatural amino acid ( e.g. , Arg , Gly , Ser , Gln , Glu or Cit ) or 
mate , ( 3 ) isoaspartic acid / isoaspartate , and / or ( 4 ) isogluta- 30 peptidomimetic that does not contain a reactive primary 
mic acid / isoglutamate , respectively , via deamidation or a amine on a side chain , to preclude any potential PEGylation 
deamidation - like reaction up to about 5 % , 10 % , 20 % , 30 % , of these lysine residues . In one embodiment , the Lys4 and / or 
40 % , 50 % , 60 % , 70 % , 80 % , 90 % or 100 % conversion per Lys10 residues of the CNP peptides are substituted withArg . 
converted residue . In another embodiment , the Lys10 residue is not substituted 
As a further example , the present disclosure encompasses 35 with Arg . 

CNP variants in which any one or more , up to all , aspara In a further embodiment , CNP variants ( including CNP22 
gine , aspartic acid , and / or glutamic acid residues of an and variants thereof ) having a PEG ( or PEO ) moiety and an 
HSA - wtCNP27 chimera , GHKSEVAHRFKGA amino acid extension at the N - terminus contain arginine at 
NKKGLSKGCFGLKLDRIGSMSGLGC ( SEQ ID NO : the position immediately preceding the position correspond 
144 ) , may be converted to ( 1 ) aspartic acid / aspartate and / or 40 ing to Glyl of CNP22 . Such PEGylated CNP variants are 
isoaspartic acid / isoaspartate , ( 2 ) isoaspartic acid / isoaspar designed for increased resistance to NEP degradation , 
tate , and / or ( 3 ) isoglutamic acid / isoglutamate , respectively , reduced binding to serum albumin , and enhanced CNP 
via deamidation or a deamidation - like reaction up to about functional activity ( e.g. , activation of cGMP signaling ) . 
5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % or Non - limiting examples of PEGylated CNP variants include 
100 % conversion per converted residue . 45 PEO24 - GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) , PEO12 
As a still further example , the disclosure encompasses GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) , PEO24 - GANRR 

CNP variants in which any one or more , up to all , aspara CNP22 ( SEQ ID NO : 36 ) , PEO12 - GANRR - CNP22 ( SEQ ID 
gine , aspartic acid , and / or glutamic acid residues of a NO : 36 ) , PEO24 - GANPR - CNP22 ( K4R ) ( SEQ ID NO : 37 ) , 
Pro - HSA - wtCNP27 chimera , PGHKSEVAHRFKGA PEO12 - GANPR - CNP22 ( K4R ) ( SEQ ID NO : 37 ) , PEO24 
NKKGLSKGCFGLKLDRIGSMSGLGC ( SEQ ID NO : 50 GANPR - CNP22 ( SEQ ID NO : 37 ) , PEO12 - GANPR - CNP22 
188 ) , may be converted to ( 1 ) aspartic acid / aspartate and / or ( SEQ ID NO : 37 ) , PEO24 - GANQQ - CNP22 ( SEQ ID NO : 
isoaspartic acid / isoaspartate , ( 2 ) isoaspartic acid / isoaspar 64 ) , PEO12 - GANQQ - CNP22 ( SEQ ID NO : 64 ) , PEO24 
tate , and / or ( 3 ) isoglutamic acid / isoglutamate , respectively , ER - CNP22 ( K4R ) ( SEQ ID NO : 39 ) , PEO12 - ER - CNP22 
via deamidation or a deamidation - like reaction up to about ( K4R ) ( SEQ ID NO : 39 ) , PEO24 - ER - CNP22 ( SEQ ID NO : 
5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , 90 % or 55 39 ) , PEO12 - ER - CNP22 ( SEQ ID NO : 39 ) , PEO24 - R 
100 % conversion per converted residue . CNP22 ( KHR ) ( SEQ ID NO : 41 ) , PEO12 - R - CNP22 ( K4R ) 

In addition , the present disclosure encompasses CNP ( SEQ ID NO : 41 ) , PEO24 - R - CNP22 ( SEQ ID NO : 41 ) , and 
variants in which any one or more , up to all , methionine PEO12 - R - CNP22 ( SEQ ID NO : 41 ) , wherein PEO24 is a 
( Met / M ) residues may be oxidized to any chemically fea monodispersed 1.2 kDa PEG polymer and PEO12 is a 
sible oxidized form ( e.g. , sulfoxide and / or sulfone ) up to 60 monodispersed 0.6 kDa PEG polymer . In one embodiment , 
about 5 % , 10 % , 20 % , 30 % , 40 % , 50 % , 60 % , 70 % , 80 % , the PEG ( or PEO ) polymer is conjugated to the N - terminus 
90 % or 100 % transformation per oxidized residue . of the CNP variants . 

In another embodiment , the CNP variants comprise The disclosure contemplates use of hydrophilic or water 
CNP22 or variants thereof conjugated at the N - terminus soluble polymers ( e.g. , PEG ) that can vary in type ( e.g. , 
and / or C - terminus to moiet ( ies ) that facilitate translocation 65 homopolymer or copolymer ; random , alternating or block 
of the variants across a cell membrane or cell barrier . In one copolymer ; linear or branched ; monodispersed or polydis 
embodiment , the CNP variants are conjugated at the N - ter persed ) , linkage ( e.g. , hydrolysable or stable linkage such as , 
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e.g. , amide , imine , aminal , alkylene , or ester bond ) , conju at a cleavage site for NEP to an unnatural peptide or 
gation site ( e.g. , at the N - terminus and / or C - terminus , pref non - peptide bond may preclude or decrease the efficiency of 
erably not at any of the residues in the cyclized region of NEP cleavage . 
CNP ( corresponding to residues 6-22 of CNP22 ) ) , and For ANP and CNP , NEP cleavage is reported to occur first 
length ( e.g. , from about 0.2 , 0.4 or 0.6 kDa to about 2 , 3 , 4 at the Cys6 - Phe7 bond within the cyclized region , then 
or 5 kDa ) . The hydrophilic or water - soluble polymer can be elsewhere throughout the remainder of the structures . For 
conjugated to the CNP peptide by means of N - hydroxy BNP , cleavage is reported to occur first at the peptide 
succinimide ( NHS ) - or aldehyde - based chemistry or other N - terminus , then within the cyclic structure . Although the 
chemistry , as is known in the art . Such CNP variants can be primary NEP cleavage site on CNP is reported to be the 
generated using , e.g. , wtCNP22 ( 2.2 kDa ) , CNP17 retaining 10 Cys6 - Phe7 bond , when wtCNP22 was exposed to NEP 

digestion for 2.5 minutes in vitro , all possible sites were only the cyclized region ( residues 6-22 ) of wtCNP22 , CNP unexpectedly hydrolyzed , with the Cys6 - Phe7 and Gly8 variants having an amino acid extension at the N - terminus Leu9 peptide bonds being slightly most labile , as described and / or C - terminus of CNP22 or CNP17 , or variants having in Example 2 . 
amino acid substitutions , additions and / or deletions such as , Substrate specificity of NEP is primarily determined by e.g. , GANRR - CNP22 ( K4R ) ( SEQ ID NO : 36 ) , GANPR two substrate - binding subsites , Sl ' and S2 ' ( Oefner et al . , J. 
CNP22 ( K4R ) ( SEQ ID NO : 37 ) , R - CNP22 ( SEQ ID NO : Mol . Biol . 296 : 341-349 ( 2000 ) ) . The Sl ' site accepts a large 
40 ) , R - CNP22 ( K4R ) ( SEQ ID NO : 41 ) , ER - CNP22 ( SEQ hydrophobic P1 ' residue of which the N - terminal peptide 
ID NO : 38 ) and ER - CNP22 ( K4R ) ( SEQ ID NO : 39 ) . In an bond is subjected to hydrolysis ( e.g. , Phe , Leu , Be and Met ) . 
embodiment , the PEG - CNP variants having a total mass 20 The S2 ' site generally prefers a smaller residue , termed P2 ' 
characterized by the ranges described generally herein , e.g. , ( e.g. , Gly or Ser ) . In the case of CNP , Phe7 is reported to be 
from about 2.6 or 2.8 kDa to about 6 or 7 kDa , contain a the preferred P1 ' residue for the NEP SP site , while Gly8 is 
monodispersed , linear PEG ( or PEO ) moiety conjugated at the preferred P2 ' residue for the S2 ' site . Because these two 
the N - terminus and / or C - terminus via NHS- or aldehyde subsites can together accommodate only a certain total side 
based chemistry , or a two - arm or three - arm branched PEG 25 chain size , any increase in the total size of the P1 - P2 ' 
moiety conjugated at the N - terminus and / or C - terminus via residues of CNP can potentially disrupt NEP binding . For 
NHS - based chemistry . The disclosure also encompasses example , addition of a chloride atom at the 3 - position of the 
negatively charged PEG - CNP variants designed for reduced P1 ' Phe7 aromatic ring ( i.e. , 3 - C1 - Phe7 ) can potentially 
renal clearance , including but not limited to carboxylated , modify ( e.g. , destabilize ) interactions between CNP and the 
sulfated and phosphorylated compounds ( Caliceti , Adv . 30 NEP cleavage sites , for example at the Sl ' subsite . Addition 
Drug Deliv . Rev. , 55 : 1261-77 ( 2003 ) ; Perlman , J. Clin . of a tertiary butyl group to the smaller P2 ' residue Gly8 ( i.e. , 
Endo . Metab . , 88 : 3227-35 ( 2003 ) ; Pitkin , Antimicrob . Ag . tBu - Gly8 ) can potentially disrupt the interaction between 

CNP and the S2 ' subsite . Chemo . , 29 : 440-444 ( 1986 ) ; Vehaskari , Kidney Int'l , 22 : 
127-135 ( 1982 ) ) . In one embodiment , the PEG ( or PEO ) 35 disclosure include CNP having an increase in the size of the Accordingly , on one embodiment , CNP variant of the 
moiety contains carboxyl group ( s ) , sulfate group ( s ) , and / or P1 - P2 ' residues , such as Phe7 - Gly8 , to interfere with sub phosphate group ( s ) . strate recognition at the active site , thereby reducing sus 

In another embodiment , the PEG ( or PEO ) moieties ceptibility to NEP cleavage . Natural amino acids , unnatural 
conjugated to the N - terminus , C - terminus and / or internal amino acids and / or peptidomimetic moieties are substituted 
site ( s ) of CNP variants described herein contain one or more 40 for one or more large P1 ' hydrophobic residues , including 
functional groups that are positively charged under physi but not limited to Phe7 , Leul , Leull , Ile14 , Met17 and 
ological conditions . Such PEG moieties are designed , inter Leu20 , and / or for one or more smaller P2 ' residues , includ 
alia , to improve distribution of such PEGylated CNP vari ing but not limited to Cys6 , Gly8 , Gly15 , Ser16 and Gly19 . 
ants to cartilage tissues . In one embodiment , such PEG The disclosure encompasses CNP variants comprising at 
moieties contain one or more primary , secondary or tertiary 45 least one modified amino acid and / or at least one modified 
amino groups , quaternary ammonium groups , and / or other peptide bond , at at least one residue involved in substrate 
amine - containing ( e.g. , urea ) groups . recognition and / or cleavage by NEP , wherein the modified 

In an embodiment , the disclosure encompasses CNP22 or amino acids and modified peptide bonds can be natural 
variants thereof conjugated via NHS- or aldehyde - based amino acids , unnatural amino acids , peptidomimetics and / or 
chemistry to PEG ( or PEO ) of the formula ( CH2CH2O ) n , 50 peptide bond isosteres . In one embodiment , the NEP cleav 
wherein n is an integer from about 6 to about 100 , and the age site on CNP between Cys6 and Phe7 is modified . In a 
PEG polymer is from about 0.3 kDa to about 5 kDa . In related embodiment , the peptide bond ( CO ) —NH— ) 
another embodiment , n is an integer from about 12 to about between Cys6 and Phe7 is replaced with one of the follow 
50 , and the PEG polymer is from about 0.6 kDa to about 2.5 ing peptide bond isosteres : 
kDa . In yet another embodiment , n is from about 12 to about 55 -CH , NH? , 
24 , and the PEG polymer is from about 0.6 kDa to about 1.2 CEO ) N ( R ) , where the amide group is alkylated 
kDa . In still another embodiment , the terminal hydroxyl with any of the following R groups : methyl , ethyl , n - propyl , 
group of the PEG polymer is capped with a non - reactive isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert 
group . In a particular embodiment , the end - capping group is butyl , 
an alkyl group , e.g. , a lower alkyl group such as methyl . -C = O ) _NH CH ) , 

In a further embodiment , the disclosure provides CNP CH - S— , 
variants having one or more peptide bonds or peptide bond CH2 - S ( O ) n where n is 1 or 2 , 
isosteres that have reduced susceptibility to cleavage by CH2CH2 
peptidases including neutral endopeptidase ( NEP ) . NEP is a CH = CH- , 
membrane - bound zinc - dependent endopeptidase endopeptidase that 65 CEO ) CH 
cleaves a substrate peptide bond at the amino end of large CH ( CN ) —NH 
hydrophobic residues . Thus , modification of a peptide bond _CH ( OH ) CH 
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O CEO ) —NH— , or 
-NHC ( —O0NH_ . ( SEQ ID NO : 56 ) 

In another embodiment , the CNP variants are represented GLSKGC ( CH_NH ) FGLKLDRIGSMSGLGC ( Analog A ) , 
by the formula : ( SEQ ID NO : 57 ) 
( x ) -Gly , -Leuz - Serz - Lys4 - Gly5- ( b ) .- ( 0 ) 7- ( d ) g - Leu , -Lys10 GLSKGC- ( N - Me - Phe ) -GLKLDRIGSMSGLGC ( Analog B ) , 

Leu 1 - Asp.2 - Arg13 - Ile 14 - Gly15 - Ser 16 - Met 7 - Seris - Gly 19 ( SEQ ID NO : 136 ) Leu 20 - Gly21 - Cys22- ( z ) ( SEQ ID NO : 90 ) , wherein : GLSKGC- ( D - Phe ) -GLKLDRIGSMSGLGC ( Analog E ) , 
( x ) and ( z ) independently may be absent or may be 

selected from the group consisting of synthetic bone - target ( SEQ ID NO : 58 ) 
ing compounds such as , e.g. , bisphosphonates ; amino acid 10 GLSKGCF- ( tBu - Gly ) - LKLDRIGSMSGLGC ( Analog P ) , 
sequences useful in bone or cartilage targeting such as , e.g. , ( SEQ ID NO : 137 ) 
poly Asp and polyGlu ; amino acid sequences derived from GLSKGC- ( 3 - C1 - Phe ) -GLKLDRIGSMSGLGC ( Analog G ) , 
bone - targeting domains of bone proteins such as , e.g. , osteo 
pontin , osteocalcin , and sialoprotein ( Wang et al . , Adv . Drug 15 ( SEQ ID NO : 59 ) 
Delivery Rev. , 57 : 1049-76 ( 2005 ) ) ; polymeric and non GLSKGC- [ NHCH2CH ( Ph ) CO ] -GLKLDRIGSMSGLGC ( Analog H , 

formed using 3 - amino - 2 - phenylpropionic acid ) . polymeric molecules that reduce renal clearance such as , 
e.g. , negatively charged PEGs ; and natural polymers ( e.g. , In a further embodiment , the CNP variants have a total so 
those containing amino acids , fatty acids and / or carbohy mass characterized by the ranges described generally herein , 
drates ) and synthetic polymers ( e.g. , PEGs ) that increase 20 e.g. , from about 2.6 or 2.8 kDa to about 6 or 7 kDa , designed 
resistance of the CNP variant to NEP degradation by increas for increased resistance to NEP degradation , and are repre 
ing the total mass of the CNP variant to the ranges described sented by the formula : 
generally herein , e.g. , from about 2.6 or 2.8 kDa to about 6 ( x ) -Gly -Leuz - Serz- ( a ) 4 - Glys- ( b ) :-( C ) - ( d ) :-( e ) , ( f ) 10- ( gu 
or 7 kDa ; Asp 12 - Arg13- ( h ) 14- Gly15 - Ser16- ( 1 ) 17 - Ser18 - Gly19- ( j ) 20 ( b ) and ( c ) may be the wild - type Cys6 and Phe7 , another 25 Gly21 - Cys22- ( z ) ( SEQ ID NO : 46 ) , wherein : natural amino acid or an unnatural amino acid , or may ( x ) and ( 2 ) independently may be absent or may be contain peptide bond isostere as described herein to selected from the group consisting of synthetic bone - target increase resistance to NEP cleavage ; and 

( d ) may be the wild - type Gly8 , or may be a larger natural ing com - pounds such as , e.g. , bisphosphonates ; amino acid 
or unnatural ( e.g. , t - Bu - Gly ) amino acid or peptidomimetic 30 sequences useful in bone or cartilage targeting such as , e.g. , 
to reduce binding to NEP . polyAsp and polyGlu ; amino acid sequences derived from 
In one embodiment , such CNP variants contain at least one bone - targeting domains of bone proteins such as , e.g. , osteo 
modified amino acid at ( b ) , ( c ) and / or ( d ) . pontin , osteocalcin , and sialoprotein ; polymeric and non 

Other peptide bonds within CNP may be cleaved even if polymeric moieties that reduce renal clearance such as , e.g. , 
CNP22 or a variant thereof has an NEP - resistant peptide 35 negatively charged PEGs ; polymers containing , e.g. , amino 
bond or peptide bond isostere at Cys6 - Phe7 , including the acids , hydrophobic acids , and / or carbohydrates ; and syn 
Gly8 - Leu9 , Lys 10 - Leull , Arg13 - Ile14 , Ser16 - Met17 , and thetic hydrophilic polymers such as , e.g. , PEGs ; 
Gly19 - eu20 bonds . Therefore , the disclosure encompasses ( a ) may be the wild - type Lys at that position or may be 
CNP variants having peptide bond isostere ( s ) at one or more replaced with a conservative amino acid substitution or a 
other NEP cleavages sites in addition to the Cys6 - Phe7 40 natural or unnatural amino acid or peptidomimetic that does 
bond , wherein the peptide bond isosteres include those not have a reactive primary amine on a side chain , including 
described herein . but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline 

In another embodiment , the disclosure encompasses CNP ( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( a ) is Arg ; 
variants having a cysteine analog at Cys6 and / or Cys22 , ( b ) is selected from the group consisting of Cys and 
including but not limited to homocysteine , penicillamine , 45 peptide - bond isosteres between Cys6 and Phe7 such as , e.g. , 
2 - mercaptopropionic acid , and 3 - mercaptopropionic acid . In Cys - CH2 - NH ; 
an embodiment , such CNP variants have a cyclic domain ( C ) is selected from the group consisting of L - Phe ; D - Phe ; 
formed by a disulfide bond between the wild - type Cys6 or 3 - amino - 2 - phenylpropionic acid ; N - alkylated derivatives of 
analog and Cys22 or analog . Phe , wherein the N - alkyl group is methyl , ethyl , n - propyl , 

In yet another embodiment , one or more residues of 50 isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert 
CNP22 or a variant thereof , up to all the residues , are butyl ; and Phe analogs , wherein one or more ortho- , meta- , 
substitoted with a D - amino acid . Substitution of an L - amino and / or para - positions of the benzene ring of the Phe analog 
acid with a D - amino acid essentially moves the side chain are substituted with one or more substituents selected from 
about 120 degrees from its original position , thereby poten the group consisting of halogen , hydroxyl , cyano , straight or 
tially disrupting the binding of the CNP peptide to NEP . In 55 branched C1-6 alkyl , straight or branched C1-6 alkoxy , 
a specific embodiment , L - Phe at Phe7 is substituted with its straight or branched halo - C -6 alkyl , Cz.10 cycloalkyl , het 
D - enantiomer , D - Phe . erocyclyl , C6-14 aryl and heteroaryl ( examples include , but 

In still another embodiment , a beta amino acid such as , are not limited to , tyrosine , 3 - chlorophenylalanine , 2,3 
e.g. , 3 - amino - 2 - phenylpropionic acid ( or 2 - phenyl - beta - ala chloro - phenylalanine , 3 -chloro - 5 -fluoro - phenylalanine , 
nine ) , replaces the wild - type alpha - amino acid Phe7 . Use of 60 2 - chloro - 6 - fluoro - 3 - methyl - phenylalanine ) , or wherein the 
a betaamino acid effectively increases the peptide backbone benzene ring of the Phe analog can be replaced with another 
length by one methylene unit . Protease resistance can result aryl group ( non - limiting examples include 1- and 2 - naph 
from the change in substrate conformation or the increased thylalanine ) or with a heteroaryl group ( non - limiting 
distance between amino acid side chains . examples include pyridylalanine , thienylalanine and furyl 
Non - limiting examples of variants of CNP22 having an 65 alanine ) ; 

unnatural alpha - amino acid , a beta - amino acid or a peptide ( d ) is selected from the group consisting of Gly , tert - butyl 
bond isostere include : Gly ( tBu - Gly ) , Thr , Ser , Val and Asn ; 
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( e ) is selected from the group consisting of Leu , Ser , Thr ( d ) is selected from the group consisting of Gly , tert - butyl 
and peptide - bond isosteres such as , e.g. , N - Me - Leu ; Gly , Thr , Ser , Val and Asn ; 

( f ) may be the wild type Lys at that position or may be ( e ) is selected from the group consisting of Leu , Ser , Thr , 
replaced with a conservative amino acid substitution or a and peptide bond isosteres such as , e.g. , N - Me - Leu ; 
natural or unnatural amino acid or peptidomimetic that does 5 ( f ) is selected from the group consisting of Lys , Arg , Gly , 
not have a reactive primary amine on a side chain , including 6 - hydroxy - norleucine , citrulline ( Cit ) , Gln and Ser ; 
but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline ( g ) is selected from the group consisting of Leu , Asn , and ( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( f ) is not peptide bond isosteres such as , e.g. , N - Me - Leu ; Arg : ( h ) is selected from the group consisting of Ile , tert - butyl ( g ) is selected from the group consisting of Leu and 10 Gly ( tBu - Gly ) , Asn , and peptide bond isosteres such as , e.g. , peptide - bond isosteres such as , e.g. , N - Me - Leu ; N - Me - Ile ; ( h ) is selected from the group consisting of Ile , tBu - Gly , ( i ) is selected from the group consisting of Gly , Arg , Ser and peptide - bond isosteres such as , e.g. , N - Me - Ile ; and Asn ; ( i ) is selected from the group consisting of Met , Val , Asn , 
beta - Cl - Ala , 2 - aminobutyric acid ( Abu ) and 2 - amino - isobu- 15 ( j ) is selected from the group consisting of Met , Val , Asn , 
tyric acid ( Aib ) ; and beta - Cl - Ala , 2 - aminobutyric acid ( Abu ) and 2 - amino - isobu 

( j ) is selected from the group consisting of Leu , norleu tyric acid ( Aib ) ; and 
cine ( Nle ) , homoleucine ( Hleu ) , Val , tert - butyl - Ala ( tBu ( k ) is selected from the group consisting of Leu , norleu 
Ala ) , Ser , Thr , Arg , and peptide - bond isosteres such as , e.g. , cine ( Nle ) , homoleucine ( Hleu ) , Val , tert - butyl - Ala ( tBu 
N - Me - Leu . 20 Ala ) , Arg , Thr , Ser , and peptide bond isosteres such as , e.g. , 

In another embodiment , the CNP variants have a total N - Me - Leu . 
mass characterized by the ranges described generally herein , To improve the delivery of the CNP variants to the target 
e.g. , from about 2.6 or 2.8 kDa to about 6 or 7 kDa , designed sites of bone - related disorders ( e.g. , skeletal dysplasias ) , the 
for increased resistance to NEP cleavage , and are repre CNP variants can be attached ( e.g. , at the N - terminus and / or 
sented by the formula : 25 C - terminus ) to bone- or cartilage - targeting moieties . Non 
( x ) -Gly -Leu - Sez- ( a ) , Glys- ( b ) ( 0 ) 7- ( d ) :-( e ) , - ( ) 10 - gu limiting examples of bone- or cartilage - targeting moieties 

Asp12 - Arg13- ( h ) 14- ( i ) 15 - Ser16- ( 1 ) 17 - Ser 18 - Gly19- ( k ) 20 include bisphosphonates ; hydroxyapatite ; glucosamine ; col 
Gly21 - Cys22- ( 2 ) ( SEQ ID NO : 143 ) , wherein : lagen ( e.g. , collagen type X ) ; poly Asp ; polyGlu , and amino 
( x ) and ( 2 ) independently may be absent or may be acid sequences derived from bone - targeting domains of 

selected from the group consisting of synthetic bone - target- 30 bone proteins such as , e.g. , osteocrin , osteopontin , osteocal 
ing compounds such as , e.g. , bisphosphonates ; amino acid cin , and sialoprotein . 
sequences useful in bone or cartilage targeting such as , e.g. , In addition to being less susceptible to NEP cleavage , the 
poly Asp and polyGlu ; amino acid sequences derived from CNP variants potentially have reduced affinity to the NPR - C 
bone - targeting domains of bone proteins and derivatives clearance receptor , while retaining CNP functionality . 
thereof , such as , e.g. , fusion proteins or peptide sequences of 35 Besides NEP - mediated degradation , the half - life of CNP22 
osteopontin , osteocalcin , sialoprotein , etc .; moieties that is influenced by the clearance receptor , NPR - C , which 
reduce renal clearance , including but not limited to hydro shares 58 % sequence homology with the extracellular pep 
philic or water - soluble polymers such as , e.g. , charged PEG tide - binding domain of NPR - B . CNP22 binds tightly to not 
molecules ; and moieities comprising , e.g. , PEGs , amino only NPR - B ( 7-30 PM affinity ) , but also NPR - C ( 11-140 
acids , carbohydrates , and / or hydrophobic acids ; 40 PM ) ( Bennett , B. D. et al . , J. Biol . Chem . , 266 : 23060-67 

( a ) may be the wild type Lys at that position or may be ( 1991 ) ; Koller K. J. & Goeddel , D. V. , Circulation , 86 : 
replaced with a conservative amino acid substitution or a 1081-88 ( 1992 ) ; Suga , S. et al . , Endocrinology , 130 : 229-39 
natural or unnatural amino acid or peptidomimetic that does ( 1992 ) ) . Even though the NPR - B crystal structure has yet to 
not have a reactive primary amine on a side chain , including be reported , sequence homology as well as similarities 
but not limited to Arg , Gly , 6 - hydroxy - norleucine , citrulline 45 between the NPR - C and NPR - A crystal structures ( He , X.-L. 
( Cit ) , Gln , Ser or Glu , wherein in one embodiment ( a ) is Arg ; et al . , Science , 293 ( 5535 ) : 1657-62 ( 2001 ) ; Ogawa , H. et al . , 

( b ) is selected from the group consisting of Cys and J. Biol . Chem . , 279 ( 27 ) : 28625-31 ( 2004 ) ; He , X.-L. , J. Mol . 
peptide bond isosteres between Cys and Phe7 such as , e.g. , Biol . , 361 ( 4 ) : 698-714 ( 2006 ) ) suggest that NPR - B likely 
Cys - CH NH ; assumes a similar overall structural fold . 

( c ) is selected from the group consisting of L - Phe ; D - Phe ; 50 Therefore , an NPR - B homology model was built based on 
3 - amino - 2 - phenylpropionic acid ; N - alkylated derivatives of structure - based sequence alignment and crystallographic 
Phe , wherein the N - alkyl group is methyl , ethyl , n - propyl , structures of the following related systems : CNP bound to 
isopropyl , cyclopropyl , n - butyl , isobutyl , sec - butyl or tert NPR - C , ANP bound to NPR - A , and ANP bound to NPR - C 
butyl ; and Phe analogs , wherein one or more ortho- , meta- , ( He , X.-L. et al . , Science , 293 ( 5535 ) : 1657-62 ( 2001 ) ; 
and / or para - positions of the benzene ring of the Phe analog 55 Ogawa , H. et al . , J. Biol . Chem . , 279 ( 27 ) : 28625-31 ( 2004 ) ; 
are substituted with one or more substituents selected from He , X.-L. , J. Mol . Biol . , 361 ( 4 ) : 698-714 ( 2006 ) ) . Based on 
the group consisting of halogen , hydroxyl , cyano , straight or observations that the receptor appears to determine the 
branched C1-6 alkyl , straight or branched C1-6 alkoxy , bound peptide conformation , and that NPR - B most closely 
straight or branched halo - C - alkyl , C3-10 cycloalkyl , C6-14 resembles NPR - A with respect to primary structure and 
aryl , heterocyclyl and heteroaryl ( examples include , but are 60 functional properties , the NPR - B / CNP homology model was 
not limited to , tyrosine , 3 - chlorophenylalanine , 2,3 - chloro built with the NPR - A / ANP crystal structure as a model . 
phenylalanine , 3 -chloro - 5 -fluoro - phenylalanine , 2 - chloro Published signaling data of CNP variants ( U.S. Pat . No. 
6 - fluoro - 3 - methyl - phenylalanine ) , or wherein the benzene 5,434,133 and US Patent Application Publication No. 2004 / 
ring of the Phe analog can be replaced with another aryl 0138134 A1 ) , and of functional ANP variants that no longer 
group ( non - limiting examples include 1- and 2 - naphthylala- 65 bind to NPR - C ( Cunningham , EMBO 13 ( 11 ) 2508-15 , 
nine ) or with a heteroaryl group ( non - limiting examples 1994 ) were used to refine and interpret the NPR - B / CNP 
include pyridylalanine , thienylalanine and furylalanine ) ; model . 
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The present disclosure encompasses CNP variants as , e.g. , osteopontin , osteocalcin and sialoprotein ; peptide 
designed for improved NPR - B selectivity based on a homol sequences derived from the functional domains of bone 
ogy - based structural model of the NPR - B / CNP complex . morphogenetic proteins such as , e.g. , BMP2 , BMP3 , BMPS , 
Combining the experimental and computational structure BMP7 and BMP8a ; peptide sequences derived from poly 
data of natriuretic peptides bound to the various receptors 5 peptides of natriuretic origin such as , e.g. , NPPC , ANP and 
with the published functional data , CNP variants were BNP ; other natural polymeric or non - polymeric moieties generated that continue to bind to NPR - B , but can poten such as , e.g. , carbohydrates , fatty acids and phospholipids ; 
tially have reduced affinity to the NPR - C clearance receptor . biocompatible synthetic hydrophilic polymers such as , e.g. , For example , NPR - C has a unique insertion in a loop 
structure in the peptide - binding site , placing its loop resi- 10 moieties such as , e.g. , heptanoic acid and pentanoic acid ; PEG ( or PEO ) ; hydrophobic polymeric or non - polymeric 
dues closer to such peptide residues as CNP Gly8 ( orANP and combinations thereof . Gly9 ) , compared to respective loop residues in NPR - A and 
NPR - B . Earlier studies indicated that the G9T mutation in The CNP variants described herein can have substantially 
ANP contributes to reduce affinity to NPR - C , thereby similar or better functional activity than CNP22 , e.g. , with 
improving NPR - A selectivity ( Cunningham , EMBO J. , 15 respect to stimulation of cGMP production and signaling . In 
13 ( 11 ) : 2508-15 ( 1994 ) ) . Accordingly , CNP variants were one embodiment , the CNP variants in vitro or in vivo 
generated to replace the corresponding Gly8 residue with a stimulate the production of at least about 50 % of the cGMP 
larger residue ( Ser , Val , Thr or Asn ) to disrupt the CNP level produced under the same concentration of wtCNP22 
binding to NPR - C without affecting its binding to NPR - B . ( e.g. , 1 uM ) . In certain embodiments , the CNP variants 
Further , one or more mutations were introduced at the 20 retain at least about 50 % , 60 % , 70 % , 80 % , 90 % , 95 % or 
C - terminal end of CNP , encompassing Gly15 to Gly21 , 100 % of the cGMP - stimulation activity of wild - type CNP22 
which is predicted to interact with receptor - specific residues , in vitro or in vivo . In another embodiment , the CNP variants based on the detailed structural analyses of the receptor / have improved cGMP- stimulation activity compared to peptide complexes . For example , a G19R mutation in CNP22 . In certain embodiments , the CNP variants in vitro CNP22 does not result in a significant loss of NPR - B 25 or in vivo stimulate the production of at least about 110 % , signaling activity . This mutation , however , cannot be mod 120 % , 130 % , 140 % , 150 % , 200 % , 250 % , 300 % , 350 % , eled into the available crystal structure of NPR - C / CNP 400 % , 450 % , 500 % or more of the cGMP level produced without altering the conformations of neighboring residues . 
These observations suggest that the G19R mutation may under the same concentration of wtCNP22 ( e.g. , 1 uM ) . 
selectively disrupt the binding of CNP to a particular recep- 30 Optionally excluded from the present disclosure are any 
tor , such as NPR - C . of the natriuretic ( e.g. , CNP ) peptides , fragments and vari 

In an embodiment , the CNP variants have substitution ( s ) ants specifically disclosed , and any of the natriuretic ( e.g. , 
at one or more Gly sites at positions 1 , 5 , 8 , 15 , 19 and 21 , CNP ) peptides , fragments and variants actually produced , in 
to reduce conformational flexibility and thereby increase any of the prior publications referenced herein , including but 
receptor specificity . Comparative analyses of crystal struc- 35 not limited to , U.S. Pat . Nos . 5,434,133 , 6,034,231 , 6,020 , 
tures of ANP bound to NPR - C and NPR - A ( Ogawa , H. et al . , 168 , 6,743,425 , 7,276,481 , WO 94/20534 , WO 02/047871 , 
J. Biol . Chem . , 279 : 28625-31 ( 2004 ) ; He , X.-L. , J. Mol . WO 2005/098490 , WO 2004/047871 , EP 0497368 , EP Biol . , 361 : 698-714 ( 2006 ) ) indicate that the conformational 0466174 , and Furuya et al . , Biochem . Biophys . Res . Comm . flexibility of ANP may play an important role in determining 183 : 964-969 ( 1992 ) ) . All such documents are incorporated the receptor selectivity . by reference herein in their entirety . In one embodiment , functional CNP variants with poten 
tially reduced affinity to NPR - C have one or more of the In one embodiment , the present disclosure optionally 
following amino acid substitutions : G1R , GIE , G5R , G5Q , excludes all known wild - type CNP - 53 , wild - type CNP - 22 , 
G5S , F7Y , GST , G8S , G8V , G8N , LIS , LIT , K10Cit , K100 , wild - type CNP - 17 , wild - type BNP , and wild - type ANP of 
K10S , 114N , G15R , G15S , G15N , G15Cit , S16Q , M17V , 45 human origin and non - human origin . For example , in an 
M17N , G19S , G19R , G19N , L20V , L2OR , L20T , L2OS , embodiment the disclosure optionally excludes human 
G21S , G21T and G21R . In an embodiment , the CNP vari CNP - 17 , human CNP - 22 , chicken CNP - 22 ( corresponding 
ants have multipoint substitutions at positions 1 , 5 , 7 , 8 , 9 , to hCNP - 22 ( Leu9Val ) ) , trout and eel CNP - 22 ( correspond 
10 , 14 , 15 , 16 , 17 , 19 , 20 and / or 21 , and may optionally have ing to hCNP - 22 ( Leu2Trp , Ser3Asn , Lys4Arg ) ) , frog 
modifications at any of the other positions in the peptide 50 CNP22 - I ( corresponding to hCNP - 22 ( Leu2Tyr , Lys4Arg , 
sequence of the variant . Leu9Val , Ser16Ala , Met17Phe ) ) , frog CNP22 - II ( corre 

In a further embodiment , the CNP variants described sponding to hCNP - 22 ( Leu2Thr , Ser16Ala ) ) , human CNP herein may be conjugated to moieties , up to a total mass 53 , and pig and rat CNP - 53 ( corresponding to hCNP - 53 characterized by the ranges described generally herein , e.g. , ( Gln17His , Ala28Gly ) ) . In another embodiment , the 
from about 2.6 or 2.8 kDa to about 6 or 7 kDa , at the 55 disclosure optionally excludes fragments of NPPC , proCNP N - terminus , the C - terminus and / or an internal site , to facili and CNP - 53 which are produced by proteolytic cleavage in tate bone / cartilage targeting , reduce NPR - C and renal clear vivo in humans and non - human animals . In yet another ance , increase resistance to NEP degradation , and / or 
improve CNP functionality . In one embodiment , the CNP embodiment , optionally excluded from the disclosure are the 
variants are not conjugated to a polymeric moiety at a site 60 following truncated fragments of wild - type human CNP - 53 : 
within the cyclic region ( corresponding to Cys6 to Cys22 of CNP - 50 , CNP - 46 , CNP - 44 , CNP - 39 , CNP - 30 , CNP - 29 , 
CNP22 ) . Non - limiting examples of polymeric or non - poly CNP - 28 , CNP - 27 and CNP - 26 . 
meric moieties that can be conjugated to the CNP variants In a further embodiment , the present disclosure optionally 
include synthetic e - targeting compounds such as , e.g. , bis excludes CNP peptides and fragments thereof isolated or 
phosphonates ; bone / cartilage targeting peptide sequences 65 sought from the shark species Triakis scyllia and Scyliorhi 
such as , e.g. , pol - yAsp and polyGlu ; peptide sequences nus canicula ( see , e.g. , M. Takano et al . , Zool . Sci . , 11 : 
derived from bone - targeting domains of bone proteins such 451-454 ( 1994 ) ) , including : 
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- continued 
( SEQ ID NO : 204 ) 

RLLKDLSNNPLRFRGRSKKGPSRGCFGVKLDRIGAMSGLGC 
( CNP - 41 ) ; 

( SEQ ID NO : 221 ) 
GGSSRSGCFGHKMDRIGTISGMGC ( puffer fish CNP - 4 ) . 

5 ( SEQ ID NO : 205 ) 
LKDLSNNPLRFRGRSKKGPSRGCFGVKLDRIGAMSGLGC ( CNP - 39 ) ; 

( SEQ ID NO : 206 ) 
KDLSNNPLRFRGRSKKGPSRGCFGVKLDRIGAMSGLGC ( CNP - 38 ) ; 
and 

In a still further embodiment , optionally excluded from 
the disclosure are CNP - 39 isolated from platypus venom and 
the CNP - 22 fragment thereof , designated “ OvCNP - 39 " and 
" OvCNP - 39 ( 18-39 ) ” in G. de Plater et al . , Toxicon . , 36 ( 6 ) : 
847-857 ( 1998 ) : 

10 
( SEQ ID NO : 207 ) 

GPSRGCFGVKLDRIGAMSGLGC CNP - 22 ) . 
( SEQ ID NO : 222 ) 

LLHDHPNPRKYKPANKKGLSKGCFGLKLDRIGSTSGLGC 
( OvCNP - 39 ) ; 
and 

In another embodiment , optionally excluded from the 
disclosure are CNP peptides and fragments thereof isolated 
or sought from the shark species Lamna ditropis ( see , e.g. , 
M. Takano et al . , Zool . Sci . , 11 : 451-454 ( 1994 ) ) , including : 

15 
( SEQ ID NO : 223 ) 

GLSKGCFGLKLDRIGSTSGLGC ( OVCNP - 39 ( 18-39 ) . 

( SEQ ID NO : 208 ) 
RLLKDLSNNPLRFKGRSKKGPSRGCFGVKLDRIGAMSGLGC 
( CNP - 41 ) ; 

In another embodiment , the present disclosure optionally 
excludes the following peptides as specifically disclosed in 
US 2007/0197434 : 20 

( SEQ ID NO : 209 ) 
LKDLSNNPLRFKGRSKKGPSRGCFGVKLDRIGAMSGLGC ( CNP - 39 ) ; ( SEQ ID NO : 224 ) 

Gly - Leu - Ser - Lys - Gly - Cys - Phe - Gly - Leu - Lys - Leu - Asp 
( SEQ ID NO : 210 ) 25 Arg - Ile - Gly - Ala - Met - Ser - Gly - Leu - Gly - Cys ; 

KDLSNNPLRFKGRSKKGPSRGCFGVKLDRIGAMSGLGC ( CNP - 38 ) ; 
( SEQ ID NO : 225 ) 

( SEQ ID NO : 211 ) Gly - Leu - Ser - Lys - Gly - Cys - Phe - Gly - Leu - Lys - Leu - Asp 
FKGRSKKGPSRGCFGVKLDRIGAMSGLGC ( CNP - 29 ) ; Arg - Ile - Gly - Ser - Gln - Ser - Gly - Leu - Gly - Cys ; 
and 

( SEQ ID NO : 226 ) 30 ( SEQ ID NO : 212 ) Gly - Leu - Ser - Lys - Gly - Cys - Phe - Gly - Leu - Lys - Leu - Asp 
GPSRGCFGVKLDRIGAMSGLGC ( CNP - 22 ) . Arg - Ile - Gly - Ser - Ala - Ser - Gly - Leu - Gly - Cys ; 

In still another embodiment , optionally excluded from the ( SEQ ID NO : 227 ) 
disclosure are CNP peptides and fragments thereof isolated Ser - Leu - Arg - Arg - Ser - Ser - Cys - Phe - Gly - Leu - Lys - Leu 
from the shark species Squalus acanthias ( see , e.g. , M. Asp - Arg - Ile - Gly - Ser - Met - Ser - Gly - Leu - Gly - Cys ; 

35 
Takano et al . , Zool . Sci . , 11 : 451-454 ( 1994 ) ) , including : ( SEQ ID NO : 228 ) 

Gly - Leu - Ser - Lys - Gly - Cys - Phe - Gly - Leu - Lys - Leu - Asp 
Arg - Ile - Gly - Ser - Met - Ser - Gly - Leu - Gly - Cys - Asn - Ser 

( SEQ ID NO : 213 ) Phe - Arg - Tyr ; 
RLLQDLSNNPLRFKGRSKKGPSRSCFGLKLDRIGAMSGLGC and 
( CNP - 41 ) ; 40 
and ( SEQ ID NO : 229 ) 

Cys - Phe - Gly - Leu - Lys - Leu - Asp - Arg - Ile - Gly - Ser - Gln 
( SEQ ID NO : 214 ) Ser - Gly - Leu - Gly - Cys - Asn - Ser - Phe - Arg - Tyr . 

GPSRSCFGLKLDRIGAMSGLGC ( CNP - 22 ) . 
In yet another embodiment , the disclosure optionally 

In a further embodiment , the present disclosure optionally 45 excludes peptides of SEQ ID NO : 10 , disclosed generically 
excludes CNP peptides isolated from medaka and puffer in US 2007/0197434 , wherein such peptides are CNP - 17 
fish , designated “ CNP - 1 " , " CNP - 2 ” , “ CNP - 3 ” and “ CNP - 4 ” variants having certain natural amino acid substitution ( s ) at 
in K. Inoue et al . , Proc . Nat . Acad . Sci . , 100 ( 17 ) : 10079 position ( s ) 4 , 5 , 6 , 11 , 12 , 14 and / or 15. In still another 
10084 2003 ) : embodiment , optionally excluded from the disclosure are 

50 peptides corresponding to hCNP - 53 ( Ser47 Ala ) , hCNP - 53 
( Met48Gln ) , hCNP - 53 ( Met48 Ala ) , and hCNP - 53 ( C - term . ) ( SEQ ID NO : 215 ) Asn - Ser - Phe - Arg - Tyr . GWNRGCFGLKLDRIGSMSGLGC ( medaka and puffer fish 

CNP - 1 ) ; In an embodiment , the present disclosure optionally 
excludes the peptides of SEQ ID NOs 1-4 and 6-71 as 

( SEQ ID NO : 216 ) 55 specifically disclosed in U.S. Pat . No. 7,276,481 . In another PMVAGGGCFGMKMDRIGSISGLGC ( medaka CNP - 2 ) ; embodiment , the disclosure optionally excludes peptides of 
( SEQ ID NO : 217 ) SEQ ID NO 5 , disclosed generically in U.S. Pat . No. 

GRSSMVGGRGCFGMKIDRIGSISGLGC ( puffer fish CNP - 2 ) ; 7,276,481 , wherein such peptides are variants of CNP17 
having at least one natural amino acid substitution at Leu9 , ( SEQ ID NO : 218 ) 60 Lys10 , Leuli , Ser16 , Met17 , Gly19 , and / or Leu20 . In still GGMRSCFGVRLERIGSFSGLGC ( medaka CNP - 3 ) ; another embodiment , optionally excluded are CNP17 vari 

( SEQ ID NO : 219 ) ants in which CNP17 or variants thereof contain N - Me 
GGLRSCFGVRLARIGSFSGLGC ( puffer fish CNP - 3 ) ; Phe7 , or N - Me - Phe7 and N - Me - Leul1 . In a further embodi 

ment , the disclosure optionally excludes CNP17 variants of ( SEQ ID NO : 220 ) 
GGSTSRSGCFGHKMDRIGTISGMGC ( medaka CNP - 4 ) ; 65 SEQ ID NO 5 , as disclosed in U.S. Pat . No. 7,276,481 , 
and which are fused or conjugated to growth hormone ( GH ) , 

insulin - like growth factor 1 ( IGF - 1 ) , or thyroid hormone 






















































































































































































































