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C-TYPE NATRIURETIC PEPTIDES AND METHODS THEREOF IN TREATING
ACUTE LUNG INJURY

CROSS-REFERENCE TO RELATED APPLICATION
This application claims the benefit of U.S. Patent Application No. 63/038,595, filed

June 12, 2020, the disclosure of which is mncorporated herein by reference in ifs entirety.

STATEMENT REGARDING SEQUENCE LISTING
The sequence listing associated with this application is provided in text format in
lieu of a paper copy and 1s hereby mcorporated by reference into the specification. The
name of the text file contaming the sequence listing is 74043 Sequence.txt. The text file
1 16 KB and was created on June 11, 2021.
BACKGROUND

Acute Lung Injurv and Acute Respiratory Distress Svndrome

Acute lung impury {ALI) and acute respivatory distress syndrome (ARDS) are
conditions having an acute onset of severe arterial hypoxernia with PaO2Z/Fi02 of less than
or eqgual to 200 Torr for ARDS and less than 300 Torr for ALL bilateral radiographic
infiltrates, and no evidence of left atrial hypertension (see, e.g., Bemard e/ al, J. Crit. Care,
1994, 8(1): p. 72-81; Rubenfeld ef o/, N Engl J Med, 2003, 383{16): p. 1685-93; Brun-
Buisson ef af., Intensive Care Med, 2004, 36(1}: p. 51-61; and Phua ef ¢/, Am } Respir Crit
Care Med, 2009, 179(3) p. 220-7). As used herein, Pa02 refers to the partial pressure of
arterial oxygen, and F102 is the fraction of oxygeu in the inspired air (room air has a Fi0Q2
of abowt 0.21, and normal PaQ2/Fi02 is about 500 Torr). ARDS is an overwhelming
pulmonary jnflammatory response to certain primary and secondary noxious stimuli such

as pneumonia {e.g., aseptic pugumonia, viral pueumonta, bacterial pneurnonia), sepsis,
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aspiration, inhalation injuries, near drowning, and pulmonary resection surgery (see, e.g.,
Alam ef al., Ann Thorac Surg, 2007, 84(4): p. 1085-91). ARDS is characterized by rapid-
onset respiratory failure necessitating hospiialization and ventilatory support in an
intensive care unit {ICU). If a patient survives ALVARDS, the long-term quality of life of
the patient is often adversely affected due to lung scarring (see, e.z., Rubenfeld er o/ | N
Engl J Med, 2005. 353¢(16): p. 1685-93; Dowdy ef &, Intensive Care Med, 2006. 32(8}. p.
1115-24}. To date, no effective agent to treat acute fong injury (ALT) and ARDS has been
identified and there is a significant need for such an ageot.

Supportive care for ALI includes oxvgen treatment io mainiain arterial partial
pressure of oxygen {Pa0,) above 35 mmHg, or oxygen saturation {Sa(3;} above 88%, and
fluid management. However, care must be taken not provide too much oxygen {i.e., oxygen
should be given at less than 60%:} to avoid oxygen toxicity. Moreover, this measwre does
not address the underlying alveolar nflanvoatory edema

Agents previously tested in human clinical trials for the treatment of ALL including
glucocorticoids, surfactants, N-acetylcysteine, inhaled nitric oxide, liposomal PGE i,
ketoconazole, hsofylline, salbutamol, procysteine, activaied protein €, and inhaled
albutercl, have all failed (see, e.g., Johnson ER and Matthay MA, J Aerosol Med Pulm

Drug Deliv. 2010, 23(4):243-52). AL treatment remains elusive to the person skilled in

the art.

nterstitial lung disease (JL1) is another urobrella term used for PF and for
the purpose of this specification will be synonymous. Idiopathic pulmonary fibrosis (IPF}
is a PF of unknown cause. PF or IPF are an incurable tvpe of chronic scarting lung disease
characierized by a progressive and irreversible decline in lung function with gradual onset
of shoriness of breath and a dry cough that affects 5 million people globally (see. ez,
Raghu ef ol , (2011) American Journal of Respiratory and Critical Care Medicine. 183 (6}
788-824) with associated risk factors that mclude chemical mnhalation such as cigaretie

smoking, viral infections, or a family history of the condition. Other symptoms may



WO 2021/252910 PCT/US2021/037031

o4

10

15

[
e

30

include fatigue, and abnormally large and dome-shaped fingernails and toenails (nail

clubbing). See, eg, nhibinih gov/health-topics/idiopathic-pulmonary-fibrosis;
en wikipedia. org/wiki/Idiopathic_pulmonary {ibrosis. Complications may include

pulmonary hypertension, heart failure, pneumonia, or pulmonary embolism,

Although C-type natriuretic peptide {CNP) can nutigate ALI sepsis, and IPF if
given continuously prior to, or during, an injury that would eventually lead to ALI or sepsis,
its effectiveness when used after the injury (2.2, as a post-inpury {reatroent) 1s unknown,
Conventionally, CNP must be given continuously at low dosages, and cannot be given as
a bolus dose because it has a very short half-life and because a bolus dose can cause an
acute drop in blood pressure. I given as a hugh bolus dose to compensate for short half-
iife and to extend the duration of blood presence. a very high peak plasma concentration
{Crumng Occurs, which resulis in a dangerous drop in blood pressure.  To mitigate these
deleterious effects, CNP 1s usually delivered by slow infusion. See, e g, Kinwra et al., J
Surg Res. 2015, 194(2); 631-637.

CNP AND NPRB RECEPTOR

NP was first isolated in 1990 from porcine brain by Sudoh ef o/, and is a peptide
that consists of 22 anuno acid residues. See, e.g.. Sudoh ef o/, Biochem. Biophys. Res.
Commun, 1989; 159:1427-1434. NP has a ning structure and is similar structurally to
related natriuretic peptides, atrial natriuretic peptide (ANP), and B-type natnuretic peptide
{BNP), but lacks a carboxy-terminal extension. See, e.g., Hunt ef ¢/, J. Clin. Endocrinol.
Metab. 1994; 78:1428-1435. NP is a highly conserved natriuretic peptide among various
species. See, e.g., Imura ef ¢/, Front. Neurcendocrinol, 1992; 13:217-249. For example,
m humans, NP gene (NPPC) is located on chromosome 2, whereas the mouse UNP gene
is located on chromosome 1. CNP gene is composed of two exons and one intron.  See,
e.g, Ogawa et of, The Joumnal of Clinical Investigation. 1994; 93:1911-192110; and
Ogawa et al, Genomics. 1994; 15(24):383-387. It is produced as a preprohornone or a
126 amino acid residue parent-CNP peptide that is converted to 103 amino acid residue
pro-CNP after removal of 23 anuno acid residues at the carboxyl end, and is further
processed to a 53 amino acid residue-containing CNP-33 and a 22 amino acid residue-
containing CNP by the enzvme furin. See, e.g., Lumsden ¢f o/, Curr. Pharm. Des. 2010;
16:4080-4088; Wueral, 1 Biol. Chem. 2003; 278:25847-25852; and Chopra ef gl , Indian
J. Endocrinol. Metab. 2013; 17:83-90. The higher molecular weight CNP-33 (CNFP 51-

3.
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103) predominates in tissues, whereas CNP-22 {CNP §2-103) is found mainly in plasma
and cerebrospinal fluid but both contain 17-amino acid residue ring structure comumon 1o
all natriuretic peptide. In comparison {0 ANP and BNP, the plasma half-life of CNP is
relatively short and is about 2 to 3 mup in humans. See, g, Potter LR. FEBS J. 2011,
278:1808-1817. Normal plasma UNP concentrations (both forms) are in low femtomole
per milliliter range. See, e.g., Das B.B. and Solinger R., Cardiovasc Hematol Agents Med
Chem. 2009, 7, 29-42. CNP 1s mainly produced and secreted from the endothelium of
vasculature and male gemtal glands and acts as a relaxing peptide. See, e.g., Suga er af.,
Endocrinciogy. 1998 139:1920-1926.

NP peptides have two known membrane receptors, namely natriuretic peptide
receptor B (NPRB) and natriuretic peptide receptor € (NPRC). The NPRB receives
messages from CNP and activates downstream signaling pathways, whereas NPRC 13
mawnly a clearance receptor that is primarily iovolved in clearance or degradation of CNP.
See, e.g., loh H and Nakao K, Nihon Rinsho. 1997; 55:1923-1936; Koller er a/., Science.
1991; 252:120-123; Suga ef al., Endocrinology. 1992; 130:229-239; and Poiter LR and
Hunter T. 1. Biol. Chem. 2001; 276:60587-6060. NPRB is aleo known by other names such
as guanylate cvelase B (GC-B) or B-type natriuretic peptide receptor 2 (NPR2).

The remaining natriuretic peptide receptor, NPRA, is activated by atrial natriuretic
peptide (ANP) and B-tvpe natriuretic peptide (BNP), but 18 not activated by CNP. While
ANP and BNP activate both NPRA and NPRB, CNP selectively activates NPRB, and all
three natriuretic peptides bind to NPRC {which lacks guanvlyl cyclase activity} and
undergo clearance and degradation. See, e.g., Koller ef ¢/, Science. 1991, 252:120-123;
Suga et al., Endocrinology. 1992; 13(:229-239; and Potter LR and Hunter T. J. Biol
Chem 2001, 276:6057-6060. The differences i the phyvsiclogical consequences of
activation of one receptor versus both NPRA and NPRB receptors remain wnclear. In
addition, testing of the in vive effects of UNP is confounded by the difficulty of simple
bolus admimstration of CNP because of its short half-life €2-13 minutes), and the fact that
bolus admitustration is associated with an acute drop in blood pressure. See, e g, Kimura
et al.. J Surg Res. 2015, 194(2); 631-637. Indeed. it is unknown prior to the present
disclosure whether any NPRB agonist, NP, or a CNP derivative can be given as a bolus
to treat ALL or ARDS without a sigonificant drop 1 blood pressure {e.g., more than 20%,

more than 15 %, more than 10%, or more than 5% drop in blood pressure}, while increasing
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cyclic-GMP by a significant amount {e.g., above 1.5x, above 2x, above 3x, above 4x, or
above 5x of a baseline plasma cvclic-GMP level}, over a sustained pertod of time (i.e., for
6 hours, 8 hours, 12 howrs, 16 hours, 24 hours, 48 hours, 72 hours, 84 hours, or 168 hours).

The expression and secretion of CNP are also regulated by various cyvtokines and
growth factors such as tumor necrosis factor {TNF), hipopolysaccharide (LPS), basic
fibroblast growth factor (bFGF), intereunkin-1 (IL-1), transforming growth factor beta
{TGFp), and thrombin which are involved in vascular remodeling and inflammation. See,
e.g., Suga ef o . Endocrinology. 1993; 133:3038-3041; Suga ef o/, 1. Clin. Invest. 1992;
90:1145-1149; Woodard ef o/, Am. I Physicl. Regul Integr. Comp. Physiol. 2002;
282:R156-R16S; Hama ef of., Biochem. Biophys. Res. Commun. 1994; 198 1177-1182;
and Okahara ef o/ FEBS Lett. 1995; 373:108-110. During endothelial damage, sepsis,
hypoxia, and chronic renal fatlure, the levels of CNP are elevated in blood. See, e.g, Hama
ef af., Biochem. Biophys. Res. Comuoun, 1994; 198:1177-1182. Shear stress also induces
the expression of CNP gene in human endothelial cells. See, e.g., Okahara ef al, FEBS
Lett. 1995; 373:108-110. The promoter region of UNP gene has binding sites for the
transcription factor TSC-22 {see, e.g., Sellitt er o/, Peptides. 201 1; 32:1964-1971), which
1s believed to be involved in the regulation of hematopoietic precursor cells function and is
a putative tumor suppressor gene that is hypermethylated and silenced in T or NK LGL
feukenua. See, e.g., Yu et al, Blood. 2009, 113(22) 5558-67. CNP gene promoter also
has hinding sites for transcription factors such as NF-xB, STATI, ATF6 and E2F1. See,
e.g., Santhekadur e/ &/, Biomed Pharmacother 2017, 92. 826-835. However, i is
unknown whether an NPRB agonist such as CNP or its denivatives can be used to treat ALL
or ARDS. In fact, some inflammation is associated with an increase in CNP expression
and secretion. Indeed, the consequences of bolus administration of more CNP, i3
dertvatives, or other NPRB agonists to treat AL or ARDS are vot known. This uncertainty
is further confused by the complexity and unpredictability of biological systems.

A previous study in healthy human volunteers demonstrated that CNP bolus
mjection caused a transient but significant decrease in both sysiolic and diastolic blood
pressure with a significant increase in heart rate with only a limited and {ransient increase
in plasma cyclic-GMP of fess than 90 minutes. Igaki ef o/, Hypertens Res 1998; 21: 7-13.
in general, all CNPs produce bemodyoamac effects or similar blood pressure-reducing

activity in mice, nonhuman primates, rats, dogs, and humans. See, e.g, Wendt ef g/, J

5.
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Pharmacol Exp Ther 353:132-149, Apnl 2015, Another CNP variant (BMN-111;
sequence PGQEHPNARK YKGANKKGLS KGCFGLKLDRIGSMSGEGC{SEQ 1D NG,

13 with increased neutral-endopeptidase (INEP) resistance is currently in development.
Studies of BMN-111 in anirmals and man have demonstrated that as the dose increases (o
the desired therapeutic level, arterial blood pressure (BP) drops and heart rate (HR)
increases. In addition to investigating various variants of CNP, different CNP conjugates
were obtained by conjugating the CNP moiety {o either PEG or proteinaceous compounds.
These PEGvlated and chimeric UNP exhibited a similar hemodynamic response as
observed for the non-PEGyviated CNP variants. All variants previously studied showed
sirnilar BP-reducing activity. See, e.g., Wendt, I, Pharmacol Exp Ther 353:132-149, Apnil
2015, Therefore, without wishing to be bound by theory, it is believed that increasing the
bolus dose of a drug having CNP activity {o increase drug exposure may be associated with
unacceptable cardiovascular side-effects, such as hvpotension.

Thus, there is a need for more efficacious and safer treatments of ALI and/or ARDS,
which avoid the cardiovascular side-effects, such as hyvpotension, while maintaining or
enhancing plasma levels of a CNP therapeutic agent. There is also a need for ONFP
derivative or CNP receptor (NPRRB) agonists with long half-life that can have an extended
presence in blood, which can be used for the treatment of ALI and/or ARDS. The present

disclosure seeks to fulfill these needs and provides further related advantages.

SUMMARY

This summary is provided to introduce a selection of concepts in a simplified form
that are further described below in the Detailed Description. This summary is not intended
to identify key features of the claimed subject matter, nor 1s it intended to be used as an aid
in deternmuining the scope of the claimed subject matter,

In one aspect, the present disclosure features a method of treating a subject having
alung, liver, and/or kidney injury; or asymptom associated with alang, liver, and/or kidoey
mjury, comprising: adimunistering to the subject a therapeutically effective bolus dose of a
composition comprising a long acting CNP, a long acting CNP derivative, a long acting
NPRB agonist, a very long acting CNP, a very long acting UNP derivative, a very fong
acting NPRB agorust, a long acting CNP agouist, a very long acting CNP agounist, or any

combination thereof, wherein the composition does not decrease blood pressure by more
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than 20% (e.g., by more than 15%, by more than 10%, or by more than 5%} of a baseline
blood pressure measurement, where the baseline blood pressure measurement is an average
biood presswre prior to admunistration of the composition, wherein the composition
increases plasma cychic-GMP level at from 1 houwrto 12 hours {(e.g., 2 t0 12 howrs, 4 to 12
hours, 1 hour t0-24 hours, 2 to 24 hours, 4 1o 24 hours, 1 hour to 84 hours, 2 to 84 hows, 4
to 84 hours, 12 to 84 hours, 1 how to 168 hours, 2 to 168 howrs, 4 to 168 hours, or 12 to
168 hours) after admimstration to above 1.5x {e.2., above 2x, above 3x, above 4x, or above
Sx}3 of a baseline plasma cyclic-GMP level, the baseline plasma cvclic-GMP level 15 an
average plasma eyclic-GMP level prior to adminisiration of the composition or the average
plasma cyclic-GMP level of a healthy subject (preferably the average plasma cyclic-GMP
ievel prior to adninistration of the composition for the subject), and wherein the lung, liver,
and/or kidney injury, or the sympiom assoctated with lung liver, and/or kidney mjury is
selected from acute luog wjury (ALD, acute respivatory distress syndrome {ARDS),
pulmonary edema, elevated level of inflammatory cells in the lung, increased level or
expression of inflammatory cvtokines in the lung as compared to healthy hung, increased
protein level in lung alveolar space as compared o healthy lung, low arterial blood
oxvgenation, wherein low arterial blood oxygenation is a blood Pa02 of below 60 nun Hg
and/or a blood hemoglobin oxygen saturation (8p02) of below 90%, pneumonia, fibrosis
{e.g., lung fibrosis, liver fibrosis, kidney fibrosis), kidney wmjury, and any combination
thereof.

In another aspect, the present disclosure features a long acting CNP derivative ora
very long acting CNP denvative mcluding U-GLSKGCFGLKLDRIGSMSGLGC [SEQID
NO. 2], U-GLSKGCFGLKULDRIGSMSGLGC  [SEQ 1D NO. 31
GLSKGCFGLK(ULDRIGSMSGLGC [SEQ 1D NO. 4], U-CFGLKLDRIGSxSGLGC,
where X 15 a natural or unnatural aroine acid residue [SEQ ID NG, 11}, or any combination
thereof, where each individual capital letter, with the exception of U, is an anuno acid
residue as represented by one-letier amino acid nomenclatore, and where U is a motety of
Formula (1) or (1), where Formula (8} i3

(aliphatic),-(X)-;
(B
wherein a is 0 or 1 (preferably a is 1); aliphatic is an optionally substituted Cy 54 chain

{e.g., optionally substituted Cyg.ny chain, optionally substiinted Cy,. 15 chain), covalently
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bound to X via a chemucal linkage, such as a carbonyl {e.g., as part of an amide or an esler
iinkage), a thicether, an ether, a thicether, a carbamate moiety, a bond, or the like with X
preferably via a carbonyl as part of an amide or an ester linkage; or more preferably viaa
carbonyi as part of an amide hinkage with X; X is a 1-10 amino acid residue or peptide
sequence, wherein each amino acid residue is mdependently selected from lysine (K},

arginine (R}, glycine (G), alanine (A}, glutamic acid {E), and aspartic acid (D), or X 15 a

2
linker (yE},~(B),,, wherein B is a 1-8 anuno acid residue or peptide sequence wherein each
aming acid residue is independently selected from 2-{2-(2-amimoethoxyjethoxyjacetic acid

residue, Glv, Ala, Ley, Ser, Arg

=21

andLys;mis 0, 1,2 or3:n1s 0, 1, 2, or 3; and the sum
of mandn is at feast 1, and

Formula (i1} is

{polymen),-(Y )~
Yy

wherein ais 0 or 1 {preferably a is 1}; polymer is cellulose, poly(ethylene glycol}
(PEG), methoxy polyv(ethylene glycol) (MPEG), polv(lactic-co-glveolic acid), poly(N-
vinyl pyrrolidone), or a derivative thereof, Y 1s: a 1-10 amino acid residue or peptide
sequence, wherein each amino acid residue is mdependently selected from lysine (K,
arginine (R}, glveine (G}, alanine (A}, glutamic acid {E), and aspartic acid {D); anon-amino
acid linker comprising an ester, an anude, a thioether, an ether, a thioether, a carbamate
moiety, of a combination thereofl an amino acid residue-containing linker, wherein the
aming acid residue is covalently attached to {polvmer.. or a peptide linker different from
the 1-10 amino acid residue or peptide sequence.  In some embodiments, Y 15 a linker
(vE)p-(B)y, wherein B is a 1-8 amino acid residue or peptide sequence wherein each amino
acid residue is independently selected from 2-[2-(Z-aminoethoxy)ethoxyiacetic acid
residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1, 2, 0t 3; n1s 0, 1, 2, or 3; and the sum
of mandnis at least [

In yet another aspect, the present disclosure features a method of treating a subject
having ALI and/or ARDS, or at nsk of developing ALI and/or ARDS, including:
admuinistering to the subject a therapeutically effective bolus dose of a composition
comprising along acting CINP derivative or a very long acting ONP derivative comprising
U-GLSKGCFGLKLDRIGSMSGLGC [SEQ D NO. 21 U-
GLSKGCFGLK(ULDRIGSMSGLGC ISEQ D NO. 3L or

8-
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where x 15 a natural or unnatural aming acid residue [SEG ID NGO, 11], or any combination
thereof. U is defined as in Formula (8) or (If}, deseribed above. U can be covalently bound
to an N-terminal G or C residue and/or 1o an epsilon amino group of K residue. The
composition does not decrease blood pressure by more than 15% (e.g.. by more than 10%,

/

or by more than 5%} of a baseline blood pressure measurement, where the baseline blood
pressure measurement i3 an average blood presswre prior to administration of the
composition; and the composition increases plasma cvelic-GMP level at from 1 howr to 12
hours {e.g., 2 to 12 houss, 4 to 12 hours, 1 how t0-24 hours, 2 t¢ 24 houss, 4 to 24 hours, 1
hour 1o 84 hours, 2 to 84 hours, 4 t0 84 hours, 12 10 84 hours, 1 hour to 168 hours, 210 168
hours, 4 to 168 hours, or 12 to 168 hours) after adminisiration to above 1.5x (e g, above
2x, above 3x, above 4x, or above 5x) of a baseline plasma cyclic-GMP level, where the
baseline plasma cyclic-GMP level is an average plasma cvelie-GMP level prior to
administration of the composition or the average plasma cyclic-GMP level of a healthy
subject (preferably the average plasma cyclic-GMP level prior to administration of the
composition for the subject}.

In one aspect, the present disclosure provides a composition including a long acting
CNP denvative comprising a peplide of formula U-CFGLKLDRIGSXSGLGC [SEQ ID
NO. 30], wherein < 18 a natural or vnnatural amino acid residue, provided that x 15 not a
methionine residue; and U has is a moiety of Formula (i)

(aliphatic),-(X)-;
&

wherem ais 0 or 1 (preferably ais 1)

aliphatic 1s an ophionally substituted Cy 54 chain {e.g., optionally substituted Cyg.o4
chain, optionally substituted C;;_j5 chain), covalently bound to X via a chemical linkage.
such as a carbonvl {e.g., as part of an anude or an ester linkage), a thioether, an ether, a
thioether, a carbamate motety, a bond, or the like with X, preferably via a carbony! as part
of an armide or an ester hinkage; or more preferably via a carbonyl as part of an amude
iinkage with X; and

X 15 a lnker (YE),~(B), wherein B is 1-8 amino acid residue or peptide sequence

wheretn  each amino acid residue 15 independently  selected  from  2-{2-(2-
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aminoethoxy Jethoxy jacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1, 2, or
, 2, or 3; and the sum of m and n is at least 1.
DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this disclosure will
become more readily appreciated as the same become better understood by reference to the
following detailed description, when faken in conjunction with the accompanying
drawings, wherein:

FIGURE 1A is a plot showing plasma CNP [mean (8D}, 0= 5] in CD-1 muce afier
subcutaneous administration 2.0 mg/Kg of a native CINP, a UNP derivative (dCNP), and a
very long acting UNP derivative (VLA-ACNP). The inset is an enlarged scale of the lefi
bottom corner to show the low plasma level of CNP (diamond} when native UNP is
adnunistered. Error bars represent standard deviation of n=5 plasma samiples. Baseline
CNP level prior to adnunisiration 15 1.74 (0.6) ng/ml fmean (SD); n=151 FIGURE 1A
shows the sustained plasma presence of dCNP and VL A-dCNP after bolus administrations
in nHce.

FIGURE IB is a plot showing plasma cyclic-GMP in male C37BL/GT mice
measured by cyclic-GMP kit from (isBio (Codolet, France) after subcutaneous
adnunistration 1.0mg/Kg of native CNP, CNP derivative (dCNP), and very long acting
CNP derivative (VLA-JCNP). Baseline plasma cvclic-GMP level was 20 ({3.7) mean
(SEM}: n=8} pmol/mL or 7 {({1.3) mean (SEM). n=8) ng/mL; [n=8]. At 2 hours and
beyond, subcutanecus administration of native CNP did not show significant elevation of
plasma cyclic-GMP compared to the baseline, while sinular adrotustration of long acting
{NPs (dUNP and VLA-ACNP) showed significant elevation of cyclic-GMP for at least 24
hours. FIGURE 1B shows the sustain presence of cyclic-GMP after bolus adnunistrations
of dUNP and VLA-dCNP compared to native CNP in mice.

FIGURE ZA is a plot showing the corresponding increase in plasma cyclic-GMP
rmean {(SEM); n=12] as monitored after a bolus administration of 25 ug/Kg of very long
acting CNP detivative (VLA~ACNP), very long acting BNP derivative (VLA-dBNP), and
very long acting ANP derivative (VLA-dANP). Baseline plasma cyclic-GMP lavel was &
{2) ng/ml [mean (SD); n=12], alevel which is similar t¢ a healthy human. See, e.g., Igaki,
ef al., Hypertens Res 1998; 21 7-13. All very long acting formulations of natriuretic

peptide increased cyclic-GMP above the baseline of 8ng/mid. The cyclic-GMP AUC values

-10-
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were VLA-dANP 3,483 ug*h/ml, VLA-dBNP 23585 ng*h/mi, VLA-dCNP 2,627
ng*h/mbl. The very long acting CINP derivative (VLA-dCINP) increased plasma cyelie-
GMP for 3 days without an associated drop in blood pressure. FIGURE ZA shows the
susiained presence of cyclic-GMP after bolus administration of VEA-dCNP compared (o
two other very long acting natrivretic peptides from the same family.

FIGURE 2B is a plot showing mean arterial pressure in dogs [mean (SEM); n=12}
as moonitored after a bolus administration of 25 pg/Kg of very long acting CNP derivative
(VLA-dCNP), verv long acting BNF derivative (VLA-dBNP), and very long acting ANP
derivative {(VLA-JANP). VLA-dCNP did not cause significant drop in blood pressure from
baseline {0 hr) after admanistration at a very high dose. In comparison, other very long
acting natriuretic peptides such as VLA-dBNP and VLA-dANP denvatives caused more
than a 15% drop in blood pressure. This was especially true for VLA-dANP where a drop
i blood pressure could be as much as 50% for sivoilar increase o cyclic-GMP. In stark
contrast, the very long acting CNP derivative (VLA-dCNP) increased plasma cyclic-GMP
for 3 days withowt an associated drop in blood pressure. FIGURE 2B shows that absence
of a drop in blood pressure after bolus admunisirations in dogs of a high dose of VLA-
dUNP while the two other very long acting natriuretic peptides from the same famuily
showed dramatic drop in blood pressare despite elevation of plasma cvclic-GMP (FIGURE
2A). This indicates that plasma cvelic-GMP is not the cause of the drop in blood pressure.

FIGURE 3A 15 a timeline of a protocol for evaluating dCNP-suppressed LPS-
induced acute lung injury. The protocol included treating mice with LPS (0.05 mg/kg
mtratracheal administration) and with VLA-dCNP (L 0.1 mg/kg s.c.; M 03 mg/kg s.c;
H: 1.0mg/kgs.c), dUNP (H 1.0mg/kg s.c.), NP (1.0 mg/kg s.c.), atrial natriuretic peptide
{ANP) (M 1.0 mg/kg s.c.), bramn natrivretic peptide (BNP) (H 1.0 mg/kg s.¢.), anti-mouse
TNFa (TNFo ab) (clone XT3 11; BioXcell West Lebanon, NH) at 1.0 mg/Kg s.c, or
Vardenafil (VDN) (Cayman Chemucals Ann Arbor, MI) at 1.0 me/Kg s.c. Test articles
were administered night after LPS administration.  After 24 hours from treatment, mice
were sacrificed under 1soflurane anesthesia and then bronchoalveolar lavage flid (BALF)
was harvested.

FIGURE 3B is a bar graph showmng an increase in cells in BALF, especially
neutrophils, 10 ALL and ARDS, following the protocol shown in FIGURE 3A. The

decrease in cells indicated resolution of ALVARDS. Statistical analysis was based on
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Dunnett's test performed by using GraphPad InStat 3 (n=15,23,7,7,7,7,7, 7 and 9, NC,
Control, CNP (H), dONP (H), ANP (H). BNP (H), TNFa ab, VDN, VLA-dCNP (H). * P <
0.01 ve VLA-dCNP (1)), FIGURE 3B is a bar graph showing that bolus administration of
VLA-dCNP ameliorated LPS-~induced cell infiltration of alveolar space.

FIGURE 3C is a bar graph showing the total proteins in BALF, in ALY and ARDS,
following the protocol shown in FIGURE 3A. The decrease in total proteins indicated
resolution of ALIVARDS, Statistical analysis was based on Dunneit's test performed by
using GraphPad InStat 3(n =15, 23,7,7,7, 7,7, 7 and 9; NC, Control, CNP (H), dUNP
(H), ANP (H), BNP (H), TNFa ab, VDN, VLA-dCNP (H). * P <0.01 vs VLA-dCNP (H)).

FIGURE 4A is a bar graph showing that VLA-dCNP treatment ameliorated LPS-
mduced MPO+ cell increase {i.e., The MPO+ cells are decreased relative to control), a
marker neutrophil granufocyte pro-inflammatory cell. Statistical analysis was based on
Dunmett's test performed by using GraphPad InStat 3 Control (n =18, 6,6, 6, 6, 6, 6 and 6;
Control, CNP, dCNP, ANP, BNP, TNFa ab, VDN, VLA-ACNP. * P <0.01 vs VLA-QCNP
and ** P<0.05 vs VLA-JCINE).

FIGURE 4B is a sertes of photographs h showing that bolus administration of VL A-
dUNP or treatment ameliorated LPS-induced inflamumatory lung damage. Shown is a series
of micrographs of hematoxylin-eosin (HE) staining of paraffin-sections of hmng tissue
showing an imtensity indicative of an increase 1n nucleated-cell murnber, extracellular
maftrix and protein in general, scarring, and/or protein permeation in the alveolar space.
{nflammatory cell infiliration as seen by HE stains indicated inflammation in the lung
{panels showing darker staining as cell nurobers indicating presence of wflaromatory
pathology and protein increase indicating protein leakage into alveoll and/or extracellular
matrix or scar deposition}. For these studies, mice were treated with LPS (Sigma-Aldrich;
0.05 mg/kg intratracheal admirustration) and then treated with very long acting CNP
derivative or VLA-dCNP (1.0 mg/kg s.c.), native {-type natriuretic peptide or UNP (1.0
mg/kg s.¢.}, CNP derivative or dCNP (1.0 mg/kg s.c.), atrial natriuretic peptide (ANP) (1.0
rog/kg s.c.), B-Type natruretic peptide or BNP (1.0 mg/kg s.¢.), anti-tumor necrosis factor
alpha antibody or TNFn ab (1.0 mg/kg s.c.}). and cyclic-GMP degradation inhubitor or
PDES inhibitor called Vardenafil (VDN)Y (1.0 mg/kg s.¢.). Test articles were administered
right after LPS admanistration. At 24 hours after treatment, mice were sacrificed under

isoflurane anesthesia and lung tissue was harvested and fixed by 4% paraformaldehyde.
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Paraffin section of fixed lung tissue was stained by anti-MPQO antibody and hematoxylin-
eosin stain.

FIGURE 5A is a bar graph showing that bolus administration of VLA-dCNP and
ACNP or treatment atienuated LPS-induced upregudation of inflammatory eytokines (IL6}
in BALF to facilitate resolution of ARDS/ALL Male CS57BL/6F mice {6 week) were treated
with LPS (0.05 mg/kg intratracheal adminstration) and treated with very long acting CNP
derivative or VLA-ACNP (1.0 mg/kg s.¢.), native C-type natriuretic peptide or CNP (1.0
mg/kg s.c.}, CNP derivative or dCNP (1.0 mg/kg s.¢.), atrial natriuretic peptide (ANF) (1.0
mg/kg s.c.}, B-Type natriuretic peptide or BNP (1.0 mg/kg s.¢.), anti-Tumor necrosis factor
alpha antibody or TNFo ab (1.0 mg/kg s.¢), and cvclic-GMP degradation inbhubitor or
PDES inhibitor called Vardenafil (VDN} (1.0 mg/kg s.c.). After 24 hours from treatment,
bronchoalveolar lavage fluid (BALF) was harvested and IL-6 cytokines were measured.
Statistical analysis was based on Student's t-test. {(n=15,23,7, 7.7, 7,7, 7 and 9; NC,
Control, CNP, dCNP, ANE, BNP, TNFa ab, VDN, and VLA-dONP. * P <0.01 vs. VLA-
dCNP and ** P<0.05 vs. VLA-dCNP).

FIGURE 5B is a bar graph showing that bolus administration of VLA-dCNP and
dUNP or treatment attenuated LPS-induced up-regulation of inflammatory cytokines
{TNFa) in BALF 1o facilitate resolution of ARDS/ALL The protocol was the same as that
described in FIGURE SA, except that bronchoalveolar lavage fluid (BALF) was harvested
and measured for TNFo cytokines.

FIGURE 5C 15 a bar graph showing that bolus adminisiration of VLA-dCNP and
dCNP or treatroent attenuated LPS-induced upregulation of inflammatory cytokines (MCP-
1) in BALF to facilitate resolution of ARDS/ALL  The protocol was the same as that
described in FIGURE 35A, with the exception that bronchoalveolar lavage fluid (BALF)
was harvested and measured for MCP-1 cyvtokines.

FIGURES 6A-61 are bar graphs showing that bolus administration of VLA-dCNP
or treatment attenuated LPS-induced upregulation of inflammatory cvtokines in hung tissue
o facihitate resolution of ARDS/ALL Male C57BL/6J mice {6 week) were treated with
LPS (0.05 mg/kg intratracheal administration) and then freated with VLA-dONP (1.0
meg/ke s.¢). 24 howrs after treatrent, lung tissue was harvested. FEach cvtokine
concentration in extracted lung protein was roeasured by using ELISA kits.  These

cyviokines were interleukin-6 (IL-6}. tumor necrosis factor ¢ (TNF-g), interleukin-1p (4L~
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1) and macrophage chemoatiractant protein-1 (MCP-1). Statistical analysis was based on
Student's t-test {n = 10, 10, 9; NC, Control, VLA-dCNP. * P < (.05 vs Control}).

FIGURE 6A is a bar graph showing bolus adminisiration of VLA-dCNP or
treatment attenuaied LPS-induced upregulation of 116 in fung tissue to facilitate resolution
of ARDS/ALL

FIGURE 6B is a bar graph showing bolus administration of VLA-dCNP or
ireatment aftenvated LPS-induced upregulation of TNF-u in lung tissue to facilitate
resolution of ARDS/ALL

FIGURE 6C is a bar graph showing bolus administration of VLA-dUNP or
treatment attenuated LPS-induced upregulation of MCP-1 in hung tissue to facilitate
resolution of ARDS/ALL

FIGURE 6D is a bar graph showing bolus admunistration of VLA-dCNP or
treatroent atienuated LPS-induced upregulation of fL-1b i lung tissue to facilitate
resolution of ARDS/ALL

FIGURE 7A 1s a bar graph showing that bolus administration of VLA-dCNP
attenuated LPS-elicited inflammatory cytokine expression including IL-6 that is commonly
regulated by NFkb systems, the master regulator of inflammation systems suggesting that
VLA-dONP broadly suppressed mflammation response in the subject’s bodv to facilitate
resolution of ARDS/ALL Measurement of ioflaromatory related gene expression i ALL
fung tissue.  Male CS7TBL/6J muce (6 week) were treated with LPS {0.05 mgikg
intratracheal administration} and then treated with very long acting NP derivative or
VLA-dCNP (1.0 mg/kg s.¢), native C-type natniuretic peptide or CNP (1.0 mg/kg s.¢.).
NP derivative or dCNP (1.0 mg/kg s.¢.), atrial natriuretic peptide or ANP (1.0 mg/kgs.c),
B-Type natriuretic peptide or BNP (1.0 mg/kg s.c.), tumor necrosis factor alpha antibody
or TNFa ab (1.0 mg/kg s.c.), and cvclic-GMP degradation juhibitor or PDES inhibitor
called Vardenafil (VON} (1.0 mg/kg s.c.}). After 24 hours from the treatment, lung tissue
was harvested. Total RNA was extracted from harvested lung tissue. Statistical analysis
was based on Student's tfest. (n=15.22.6, 6,6, 6,6, 5 and 9, NC, Control, CNP, dCNP,
ANP, BNP, TNFa ab, VDN, and VLA-dCNP. * P < 0.01 vs. VLA-dONP and ** P<0.05
vs. YLA-ACNP)

FIGURE 7B 15 a bar graph showing that bolus admunistration of VLA-dCNP

attermated LPS-elicited inflammatory cytokine expression including iNOS, suggesting that
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YLA-JONP broadly suppressed inflammation response in a subject to facilitate resolution
of ARDS/ALL The protocol was as described for FIGURE 7A.

FIGURE 7C is a bar graph showing that bolus administration of VLA-dCNP
attenuated LPS-elicited inflammatory cytokine expression including MCP-1, suggesting
that VLA-dUNP broadly suppresses mflammation response in the subject's bodv to
facilitate resolution of ARDS/ALL The protocol was as described for FIGURE 7A.

FIGURE 7D is a bar graph showing that bolus administration of VLA-dCNP
attermated LPS-elicited inflammatory cvtokine expression including L-1b, suggesting that
VLA-dCNP broadly suppressed inflammation response in the subject’s body to facilitate
resoluiion of ARDS/ALL The protocol was as described for FIGURE 7A.

FIGURE 7E is a bar graph showing that bolus admimsstration of VLA-dCNP
attenuated LPS-elicited inflammatory cvtokine expression including IFNg, suggesting that
VI.A-dCNF broadly suppressed inflammation respounse i the subject’s body to facilitate
resolution of ARDS/ALL The protocol was as described for FIGURE 7A.

FIGURE 8 is a series of bar graphs showing that bolus administration of VLA-
ACNP suppressed inflammation levels in lung tissue to faciitate resolution of ARDS/ALL
Male CS7BL/6J mice (6 week) were treated with LPS {(0.05 mg/ke intratracheal
adnunistration) and treated with VLA-dCNP (1.0 mg/kg s.c.). At 24 hours after treatment,
fung tissue was harvested. Western blot analvsis was performed by using antibody Eif-1,
Tollip, IRAK-1, P-P38, P-P65 and B-actin (internal standard}. Statistical analvsis was
based on Student's ttest (n =35, * P < 0.05 vs Cont).

FIGURE 9 is a series of bar graphs showing that bolus adnunistration of VLA-
dUNP suppressed STAT levels in lung tissue to facilitate resolution of ARDS/ALL Male
{57BL/6T mice (6 week ) were treated with LPS (0.05 mg/kg intratracheal administration)
and treated with VLA-dCNP (1.0 mg/kg s.c). At 24 b alter treatioent, lung tissue was
harvested. Western blot analysis was performed by using antibody anti-STAT-1, P-STAT-
I, STAT-2, STAT-3, STAT-6 and P-actin {internal standard). Statistical analysis was
based on Student’s t-test (n =3, * P < 0.05 vs Control).

FIGURE 10 1s a bar graph showing that bolus administration of VLA-dCNP
suppressed Eif-1 expression in human umbtilical vein endothelial cells. Human umbilical
vein endothelial cells (HUVECs) were as maintained in HuMedia-EG2 and inoculated into
12 well plates (1 X 105 cells/well in 2 mL i HuMedia-EG2). After 24 hours, cells were
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ireated with each conceniration of VLA-ACNP (0.07aM (0.21 pg/ml) or 8.7uM (2.3
pe/mb}} {in MI99 19%BSA) for 6 hours. Protein fevels were assessed by western blot
analysis by using anti-El-1 and B-actin (internal standard). Statistical analysis was based
on Student's t-test {n =4, * P < 0.05 vs Control}.

FIGURE 11 1s a bar graph showing that bolus administration of VLA-dCNP
suppressed Elf-1 levels in nuclei of human umbilical vein endothelial cells. Human
umbtlical vein endothelial cells (HUVECSs) were maintained in HuMedia-EG2. Cells were
plated into grass bottom dish at the density of 1 X 107 cells/well in 2 mL in HuMedia-EG2.
After 24 hours, cells were treated with each concentration of VLA-dCNP (0.07uM (0.21
pug/mlyy or CNP 0.1pM {0.21ug/mL)) in M199 (Thermo Fisher Scientific, Waltham MA}
supplemented with 1%BSA {(Sigma-Aldrich, St. Louis MO} for 6 hours. Cells were fixed
by 4% paratormaldehvde and treated with anti-E1f-1 Ab (Santa Cruz Bistechnology, Drallas
TX) followed by jncubation with Alexa Fluor 488 labeled-secondary antibody (Thermo
Fisher Scientific, Waltham MA) and Hoechst 33342,

FIGURE 12 is a bar graph showing that bolus administration of VLA-dCNP elicits
Tollip expression in human lung fibroblast cell line HFL1. Human lung fibroblast HFL1
{1.0x 105 celis /fwell} was cultured with DMEM mediuwm for 16 hours and then incubated
with 1% BSA-M199 medivm with 0.21 uM (0.66 ug/mbL) VLA-ACNP and without VLA~
JCNP (N.C). After a 12-houwr incubation, cells were stimulated with LPS (final
concentration of 1.0 ug/ml}. After another 2-hour incubation, cells were harvested and
iysed. The amount of protein expression in the cells were evaluated by western blotting
with anti Tollip and B-actin (internal standard). Statistical analysis was based on Student’s
ttest(n=4, * P <0.05 vs Cont.}.

FIGURE 13A is a graph showing that bolus administration of VEA-dCNP had
protective effect on LPS-induced sepsis lethality. Balb/c (11 week-old male) mice were
treated with LPS (10 mg/kg 1.p.) and treated with each dose of VEA-ACNFP (Low 0.1 mg/kg
s5.¢., Medium 0.3 mg/kg s.¢.; High 1.0 mg/kg s.c). Survival was observed every 2 hours.
Statistical analysis was performed by Log rank test based on Graphpad Prism 6.0 (n = 10,
10, 10, 11).

FIGURE 13B is a graph showing C57BL/6J {6 week-old male) mouse treated with
LPS (15 mg/kg 1.p) and freated with a given bolus dose of VLA-dCNP (Low 0.1 mg/Kg

s.c.; Medium 0.3 mg/ke s.c.; High 1.0 mg/Kg s.c.}. Survival was observed every 2 hours.

£=3
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Statistical analvsis was performed by Log rank test. (o= 11, 10, 11, 11}, VLA-JCNP had
protective effect on LPS-induced sepsis.

FIGURE 14A is a bar graph showing that bolus administration of VLA-dCNP
decreased fibrotic area in the lung 1n this animal model of interstitial fung disease JLD) or
wdiopathic pulmonary fibrosis (IPF). Male C37BL/6J nuce (6 week) were treated with
bleomycin {1.0 mg/kg intratracheal administration) and treated with each dose of VLA-
dONP (0.1 mog/kg s.c. and 0.3 mg/kg s.c). VLA-dCNP was administered at 7% day after
bieomycin adminisiration {5 times/week). At 21% day, mice were sacrificed, and lung
tissue was harvested and performed Masson's Trichrome staining.  Fibrosis area was
measured by using Image J (NIH, Bethesda, Maryiand, USA). Statistical analysis was
based on Dunnett's test performed by using GraphPad Prism 6. (n =3, 8 9, 7, Negative
Control, Control, VLA-dCNP 0.1, and VEA-AUNP 0.3, * P <0.05 vs Conirol ).

FIGURE 14B 15 a series of nucrographs showing the Masson's trichrome stained
fung tissue samples of FIGURE 14A. Blue and light blue in the lung tissue indicate
advanced collagen/fibrosis.

FIGURE 15A 1s a bar graph showing that bolues administration of VLA-dCNP
decreased cell numbers in BALF from acute exacerbations of idiopathic pulmonary fibrosis
(IPF-AE) model. Male C57BL/6] mice {6 week) were treated with Bleomycin (1.0 mg/kg
intratracheal adnunistration) and after 3 week, wice were treated with LPS (0.05 mg/kg
intratracheal admirnistration} and treated with each dose of VLA-dUNP (0.3 mg/kg s.c. and
1.0 mg/kg s.c.). VLA-ACNP was administered right after LPS administration. After 24 h
freatment, mice were sacrificed. Statistical analvsis was based on Student's t test performed
by using GraphPad Prism 6 (n =6, 6, 9, 9, 9; Negative Control, Bleomyain, Control, VLA-
dUNP 0.3, and VLA-AUNP 1.0, * P <0.05 vs Control.}

FIGURE 158 15 a bar graph showing that bolus adwiusteation of VUA-dCNP
decreased protein levels in BALF from Acute exacerbations of idiopathic pulmonary
fibrosis (JPF-AE) model. The protocol is as described for FIGURE 134,

FIGURE 18C 1s a bar graph showmng that VLA~JCNP attenuated 1L-6 in BALF
from acute exacerbations of idiopathic pulmonary fibrosis (IPF-AE) model. The protocol
is as described for FIGURE 15A,

FIGURE 15D 15 a bar graph showing that bolus adrouustration of VUA-dCNP

decreased cell numbers and protein levels and attenuated TNFg in BALF from acute
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exacerbations of idiopathic pulmonary fibrosis (IPF-AE) model. The protocol 1s as
described for FIGURE I5A.

FIGURE 16A is a series of micrographs of kidney tissue.

FIGURE 16B s a graph showing tubular injury as a function of bolus
adnunistration of VEA-dCNP in a model of acute kidney injury.

FIGURE 17A is a bar graph showing significant decrease in liver enzyme aspartate
aminotransferase (AST) in a diet-induced model of hiver fibrosis, when VLA-JCNP orlong
acting CNP is administered to subjects.

FIGURE 17B is a bar graph showing significant decrease in liver enzyme alanine
aminotransferase {ALT) in a diet-induced model of Hiver fibrosis, when VL A-dCNP or long
acting CNP i1s administered to subjects.

FIGURE 17C is a bar graph showing signtficant decrease in alpha smooth muscle
actin (a~-SMA) in a diet-induced model of liver fibrosis, when VLA-dCNP or long acting
CNP is adnunistered to subjects.

FIGURE 17D is a bar graph showing significant decrease in tumor necrosis growth
factor alpha (TNF-a), a marker of inflammation inducing fibrosis, in a diet-induced model
of liver fibrosis, when VLA-ACNP or long acting CNP is adnunistered to subjects.

FIGURE 17E is a bar graph showing significant decrease in monocytes
chemoattractant protein 1 (MCP-1), a mediator of macrophage-induced jnflaromation 1o
fiver tissue, in a diet-induced model of liver fibrosis, when VLA-dCNP or long acting CINP
is admunistered to subjecis.

FIGURE 18A is a bar graph showing significant improversent in kidney function
based on decrease in serum creatinine, when VLA-dCNP or long acting NP is
administered to subjects.

FIGURE 188 15 a bar grapb showing significant improvement i kiduoey function
based on decreased albumin level inn wrine by calculating albumin-to-creatinine ratio, when
VL A-dCNP or long acting CNP is administered {o subjects.

FIGURE 18C is a bar graph showing significant decrease in % {ibrosis area in
kidney, when VEA-dCNP or long acting CNP is administered to subjects. Fibrosis area
was measured by using Image J (NTH, Bethesda, Maryland, USA};

FIGURE 18D 15 a series of representative images of Masson's Trichrome (MT) stain

of kidneys. Magnification is X20. In this Massorn's Trichrome stain, the mucleus is stained
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with iron hematoxylin (brown/black color in the image), cvtoplasm is stained with acid
fuchsin {pink/red color in the image}, and collagen fibrotic area 1s stained with aniline blue
{blue color in the image).

FIGURE 19A is a bar graph showing significant decrease in fibrosis based on a
decrease in hydroxyproline, a major component of the collagen, in lung tissue, when VLA-
dUNP or long acting UNP is administered to subjects.

FIGURE 198 is a bar graph showing a significant decrease in the % fibrosis area
in hungs, when VLA-dCNP or long acting CNP is adnunistered to subjects, based on
quantification of evaluation of hisiclogical Masson's Trichrome staining of lung tissue
sections. Fibrosis area was measured by using Image J (NIH, Bethesda, Marviand, USA).

FIGURE 19C is series of representative images of Masson's Trichrome (MT)
stained kidneys at magnification is X20.

FIGURE 20 15 a graph of plasroa CNP [mean (SEM); n= 5] in -1 muce after
subcutaneous adnunistration of 2.0mg/Kg of CNP derivative sl (dCNP-s1), and CNP
derivative s2 (dCNP-s2). The inset shows the low plasma level of CNP (diamond) when
native UNP was administered.  Ervor bars represent standard error of the mean of n=S
plasma samples. Baseline UNP level prior to administration was 0.391 {0.02) ng/mL [mean
(SEM); n=10]. Long acting dCNP-sl and dCNP-s2 provides 10-fold higher blood level of
CNP in a sustain manner (at least 8 hours) thao sative UNP when given at sumilar dose
weight/Kg dose.

DETAILED DESCRIPTION

The present disclosure relates o the treatment of lung, hiver, and/or kidney injury,
or a symptom associated with a lung, liver, and/or kidney injury, such as acute lung mjury
(AL} and the prevention of its deterioration to a more severe form, namely Acuie
Respiratory Distress Svodrome (ARDS) aod death or lung/liver/kidney fibrosis, by
administering to a subject in need thereof a therapeutically effective amount of a long acting
C-type natriuretic peptide (CNP), CNP derivative, long acting UNP derivative, or long
acting CNP receptor (NPRB) agomist. The disclosure also relates to the treatment of non-
cardiovascular causes of low blood oxvgenation, elevated levels of inflamamatory cells in
the tung, pulmonary edema, sepsis, bacteremia, and/or fibrosis {(e.g., non-cardiovascular
causes of low blood oxygenation, clevated levels of inflamumatory cells 1n the lung,

pulmonary edema, and/or fibrosis) using the same.

-19-



WO 2021/252910 PCT/US2021/037031

o4

10

15

[
e

30

The present disclosure is also related {o treatment of fibrosis in general, including
fung fibrosis, liver fibrosis, cirrhosis. and kidney glomerular sclerosis, and treatment
of/protection from kidney injury, including administering a therapeutically effective
amount of the compositions of the present disclosure as a bolus, without decreasing blood
pressure by more than 20% {e.g., by more than 15%, by more than 10%, or by more than
5% of a baseline blood presswre measurement, where the baseline blood pressure
measurement is an average blood pressure prior to administration of the composition, and
providing an increase in plasma cvelic-GMP level at from 1 hourto 1Z howrs {e.g, 210 12
howurs, 4 to 12 hours, 1 hour t0-24 hours, 2 t0 24 howrs, 4 to 24 hours, 1 hour to 84 hours, 2
10 &4 howurs, 4 to &4 hours, 12 to 84 hours, 1 hour to 168 howrs, 2 to 168 howrs, 4 to 168
hours, or 12 to 168 hours) after administration to above 1.5x (e g, above 2x, above 3x,
above 4x, or above 5x) of a baseline plasma cyclic-GMP level, wherein the baseline plasma
cyclic-GMP level 1s an average plasma cyclic-GMP level prior to adwmirustration of the
composition or the average plasma cyclic-GMP level of a healthy subject (preferably the
average plasma cyclic-GMP level prior to administration of the composition for the
subject).

Unlike conventional methods for treating the ALI and sepsis, a therapeutically
effective amount of the compositions of the present disclosure can be administered as a
bolus, either before, durmg, and/or after an injwry that would lead to acute lung wyury
(AL}, acute respiratory distress syndrome {ARDS), pulmonary edema, elevated level of
inflammatory cells in the lung, increased level or expression of inflammatory eytokines in
the lung (compared to healthy lung), increased protein level in lung alveolar space
{compared to healthy hung), low arterial blood oxygenation {(wherein low arterial blood
oxygenation is a blood Pa02 of below 60 mm Hg and/or a blood hemoglobin oxygen
saturation (5p02) of below 90%), sepsis, bacterenua, pueumonia, lang/pulmonary fibrosis,
idiopathic pulmonary fibrosis (dPF), or inderstitial lung disease (ILD}, without decreasing
blood pressure by more than 20% {e.g., by more than 15%, by more than 10%, or by more
than 5%} of a baseline blood pressure measurement, where the baseline blood pressure
measurement is an average blood pressure prior to admimstration of the composition. The
therapeutically effective amount of the compositions of the present disclosure can also
inerease plasroa cyvelie-GMP level at froro 1 bour to 12 hours {e.g, 2 to 12 bours, 4 to 12

o0

hours, 1 hour t0-24 hours, 2 10 24 hours, 4 t0 24 hours, 1 hour to 84 hours, 2 to 84 hours, 4
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{0 84 hours, 12 10 84 hours, 1 howr io 168 hours, 2 10 168 howrs, 4 {o 168 howrs, or 12 to
168 hours) after adnunistration to above 1.5x {e.g.. above 2x, above 3x, above 4x, or above
Sx) of a baseline plasma cvclic-GMP level, wherein the baseline plasma eyclic-GMP level
is an average plasma ¢yclic-GMP level prior to admunistration of the composition or the
average plasma cyclic-GMP level of a healthy subject (preferably the average plasma
cyclic-GMP level prior to administration of the composition for the subject). In some
embodiments, the therapeutically effective amount of the compositions of the present
disclosure can be administered as a bolus after an injuwry that would lead to the
aforementioned conditions. In some embodiments, the therapeutically effective amount of
the compositions of the present disclosure can be admunistered as a bolus before an injury
that would lead to the aforementioned conditions. In some embodiments, the
therapeutically effective amount of the compositions of the present disclosure can be
adroinistered as a bolus during an iyury that would lead to the aforementioned conditions.
Unlike conventional methods of continuous administration, bolus adnunistration of the
compositions herein provides advantages such as ease of admimistration, with an
unexpected decrease in undesirable side effects (such as hypotension).
Definitions

At various places in the present specification, substituents of compounds of the
disclosure are disclosed in groups or in ranges. It is specifically intended that the disclosure
nclude each and every individual subcombination of the members of such groups and
ranges. For example, the term "Cj g atkvl” 15 specifically intended to individually disclose
methyl, ethyl, Cx atkyl, Oy alkyl, Cs alkyl, and Oy alkyl

One letter codes for anuno acids are used herein. For example, alanine is A,
arginine is R, asparagine is N, aspartic acid is D, cysteine 1s €, glutamic acid is E, giutamine
15, glveme is G, histidine 1s H, isoleucive 5 1, leucing is L, lysine is K, methionine 15 M,
phenvlalanine is F, proline is P, serine is §, threonine is T, tryptophan 1s W, tyrosine is Y,
valine 1 V, and vE is glutamic acid where the R-group (i.e., side chain) carboxy! {gamma,
¥} is the moiety used to link to any of the primary anuno group of a peptide or to the N-
termunal portion of a peptide rather than the alpha-carboxyl. For the purpose of the present
application, the one letter codes for amino acids includes L and/or D amino acid
stereoisomers. It 15 understood that when the amono acids combine to form a peptide, the

amino acids are referred 1o as amino acid residues where the elements of water are removed.
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Furthermore, where the present disclosure refers to an amino acid in a peptide sequence, it
is understood to be an amino acid residue.

As used herein, the term "aliphatic" refers {0 a compound or group containing
carbon and hydrogen joined together in straight chains, branched chaius, or non-aromatic
rings. Aliphatic compounds or groups mayv be saturated {e.z., an alkane such as hexane
and other alkanes, an alkyl such as hexyl and other alkyls} or unsaturated (e.g., hexene and
other alkenes, as well as alkynes, hexenyl and other alkenvi, as well as alkynvl). The
aliphatic compound or group {e.g., an alkyl, alkenyl, or alkvnvl) can be substituted, for
example, with 1, 2, 3, 4, 5, 6, 7, or 8 substituents such as {=0), hvdroxyl, carboxyl,
carbonyl, and/or an ester group. For example, the aliphatic group can have a carboxyl
group as a substituent as a pendant group and/or at a terminus. When the aliphatic group is
part of a compound, it is understood that the aliphatic group can be covalently bound to the
corapound via a chemical hinkage, such as a carbonyl (C=0, also represented by C(0O) or
C(=0)) (e.g, as part of an amide or an ester linkage), a thioether, an ether, a thioether, a
carbamate moiety, a bond, or the like. It 15 understood that the number of carbons in the
aliphatic chain includes the backbone carbons in the chemical linkage. For example, a
saturated C8 aliphatic chain that includes a C{(=0) linkage, when linear, can be represented
by CH3{CH,},C(=0).  As avother example, 3 saturated €8 aliphatic chain that has a
carboxyl group at a first terminus and that includes a C(=0) livkage at a second terounus,
when linear, can be represented by HOC(=0)}CH;)sC(=0). For example, a saturated C18
aliphatic chain that includes a C{=(0) linkage, when linear, can be represented by
CH3(CH s C(=0). As another example, 3 saturated C18 aliphatic chain that has a
carboxyl group at a first terminus and that includes a C(=0) hinkage at a second terminus,
when Hinear, can be represended by HOCEONCH ) ,C(=0). The aliphatic group can be
derived from a fatty acid and/or the aliphatic group can be derived from a diacid.

As used herein, the term "alkyi" refers to a satwrated hydrocarbon group which i3
straight-chained (e.g., hinear) or branched. Example alkyl groups include methyl (Me),
ethyl (Et), propyl {e.g.. n-propyl and isopropyl), buiyl (e.g., n-buiyl, isobutvl, t-butyl)
penty] {e.g.. n-pentvl, isopentyl, neopentyl), and the like. An alkyl group can contain
from 1 10 about 30, from | to about 24, from 2 to about 24, from 1 to about 20, from 2 to
about 20, from 1 to about 10, from 1 fo about 8, from 1 1o about 6, from | to about 4, or

from 1 to about 3 carbon atoms.
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As used heren, the term "fatty acid" refers 10 an aliphatic chain that 15 substituied
with a carboxvl group, which is either saturated or unsaturated. Examples of faty acids
mcludes capryvlic acid, capric acid, lauric acid, myvristic acid, palmitic acid, stearic acid,
arachidic acid, behemic acid, and/or lignoceric acid.

As used herein, the term "fatty actd ester” refers to a long aliphatic chan (saturated
or unsaturated} having a ~C(=0)0- moiety at an end of the chain.

As used herein, the term "faity acid amade” refers to a long aliphatic chain {saturated
or unsaturated) having a ~C{(=0)NR- moiety at an end of the chain.

As used herein, the term "individual," "subject.” or "patient," used interchangeably,
refers to any animal, including mammals, preferably mice, rats, other rodents, rabbits, dogs,
cats, swine, cattle, sheep, horses, or primates, and most preferably humans.

As used herein, the phrase "therapeutically effective amount™ refers to an amount
of atherapeutic agent {i.e.. drug, or therapeutic agent compostiion) that elicits the biological
or medicinal response that is being sought in a tissue, system, animal, individual or human
by a researcher, veterinarian, medical doctor or other clinician, which includes one or more
of the following:

(1) preventing the disease; for example, preventing a disease, condition or disorder
in an individual who may be predisposed to the disease, condition or disorder but does not
vet experience or display the pathology or symptomatology of the disease;

(2) inhibiting the disease; for example, inhibiting a disease, condition or disorder in
an individual who is experiencing or displaying the pathology or symptomatology of the
disease, condition or disorder; and

(3) ameliorating the disease; for example, ameliorating a disease, condition or
disorder in an individual who is experiencing or displaying the pathology or
symptomatology of the disease, condition or disorder (i e, reversing the pathology and/or
symptomatology) such as decreasing the severity of disease, prolonging survival time,
and/or preventing death.

As used herein, the terro "bolus dose” refers to a single dose of a drug or other
substance given or administered over a short period of time, for example, less than 10
minutes {e.g., less than 8 minuies, less than 5 minutes, fess than 3 minutes, or less than 1

munuie). fn some embodiments, a bolus dose 1s adnunistered in less than S minutes. In

some embodiments, a bolus dose is admimstered in less than 3 munuies. In some
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embodiments, a bolus dose is admimstered in fess than 1 muinute. Admuanistraiion includes
one of injection in any part of the body (including but not linuted to blood vessels,
subcutaneous, intrathecal, or intradermal), orally {as a dosage form), inhalation {e.g., by
intratracheal inhalation adownisiration, where a subject 1s exposed to high aerosol
concentrations such that the active pharmaceutical ingredient is deposited directly in the
lower respiratory tract), or nasally (e.g., as an aerosol, liquid, or powder}.

(IR

As used herein, the term "a blood pressure drop,” "a drop in blood pressare,” or
"hypotension” are used interchangeably. and refer to a statistically significant decrease in
biood pressure in a subject below a baseline blood pressure. The baseline blood pressure
is the mean blood pressure measured prior to treatment or admunistration of any drug to a
subject, or the mean blood pressure of a normal healthy subject. The standard deviation of
most blood pressure measuring device can be between 5-15% depending on the method of
measurement and position, state of mind, or movement of the subject during measurement.
For the clarity of the present specification the change in blood pressure will be expressed
as statistically significant percent increase, decrease, or drop in blood pressure from the
mean/average baseline blood pressure prior to drug or test article admunistration.
Statistically sigruficant means that P<0.05 as known to those skilled in the art of statistics.

As used heremn, the term "C-type natriwretic peptide” or "CNP" is a peptide
including 22 aroino acid residues, having a 17 anuno acid restdue ning structure formed by
a disulfide bond, and an additional 5-amino acid residue extension at the N-termunal
(GLSKGUFGLEKLPRIGSMSGLGC [SEQ ID NQ. 10]; where the letters are in accordance
with conventional amino acid nomenclature, and the amino acid residues C-6 {at position
6) and C-22 (at position 22) are hinked by a disulfide bond). See, e.g.. Sudoh ef ol |
Biochem. Biophys. Res. Commun. 1989; 159:1427-1434.

Hon

As used herein, the termas "NPRB recepior,” "natriuretic peptide receptor B
(NPRBY" or "NPR2" "guanvlate cyclase B (G(-B)," or "B-type natriuretic peptide
receptor 2" (NPR2) are used interchangeably. In humans, a NPRB receptor is encoded by
NPR2 gene, which is located on chromosome 9 and inmouse on chromosome 4. See, e.g.,
Nuglozeh et al., Genome. 1997; 8:624-625. The expression of NPRB is reported in various
organs such as heart, brain, uterus, ovary, kidoey, lungs, liver and adipocytes and in some
cancers. Schulz er af, Cell. 1989; 58:1155- 1162; Nagase ef ¢/, 1. Hypertens. 1997;

15:1235-1243; Chrisman ef o/, J. Biol Chemn. 1993; 268:3698-3703. NPRB is selectively
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activaied by CNP and not by ANP or BNP (the other known natriuretic peptides). The
ubiquitous expression of NPRB signifies its role in many physiological functions. While
the other natriuretic peptide receptor, NPRA, is activated by physiological concenirations
of ANP and BNP, NPRA is not activaied by CNP. The differences in the physiclogical
consequences of activation of one versus both NPRA and NPRB receptors remains unclear
prior to the present disclosure, making the methods of the present disclosure non-obvious
and inventive,

As used herein, the term "long-acting C-type natriuretic peptide” or "long acting
CNP" refers to a UNP formmdation that when administered as a single bolus dose to a
mammalian subject (human, non-human, primate, dogs, rats, mice, ete.), the resulting
elevation of UNP level in the plasma or elevation of plasma cychic-GMP level above the
baseline will be sustamed for a duration of greater than 4 howrs or greater than 6 houss
depending on the species. A long-acting C-type natriuretic peptide or a long acting CNP
encompasses a very long-acting C-type natriuretic peptide or a very long acting CNP. The
elevation of plasma cvclic-GMP is a result of CNP structure activity itself] or from the
combination of the CNP with one or more components of a formulation containing the
{NP. The presence in the plasma {or elevation) means a detectable presence over and
above the analvtical baseline level, wherein the baseline level is the level measured in the
absence of long-acting CNP formulation adovoistration.  The length of sustained plasma
cyclic-GMP elevation is the duration of biological activity of the CNP formulation. A CNP
formulation refers to a composition containing a CNP peptide with one or more excipient
or carrier such as a polyrer, protein. sugar, detergent, and/or buffer. The CNP in the CNP
formulation may or may not be covalemly linked to excipient or carrier. The sustained
presence i the blood can be evaluated by pharmacokinetic/pharmacodynamic analysis
after adnunisiration.

As used herein, a formulation containing a "very long-acting C-type natriwretic
peplide” or "very long acting CNP" refers to a long-acting CNP formulation containing the
22 amino acid residue CNP formulated in such a way that when adnunistered as a single
bolus dose to subject, will have sustained presence in the plasma or sustained plasma
cyclic-GMP elevation over the baseline of 24 hours or greater (e.g., up to 2-3 davs orup to
1-4 weeks). Thus, a very long-acting C-type natriuretic peptide or very long acting CNP

is a subset of a long-acting C-type natriuretic peptide or long acting CNP. The presence in
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the plasma means a detectable presence over and above the endogenous native agonist that
are normally made by the subject or an analytical baseline level in the absence of
administration of a therapeutic CNP formulation. The duration (i.e., length of time} of
plasma cyclic-GMP elevation or the presence of detectable CNP over the baseline can be
from 24 to 192 hours, or 24 to 48 hours, or 48 to 72 hours, or 72 t0 96 hours, or 96-120
hours, or 120 to 144 howrs, 144 to 168 hours, or 168 to 192 hours. As described above, a
CNP formulation is a composition contaming CNP peptide with one or more excipient or
carrier such as polymer, protein, sugar, detergent, and/or buffer. The CNP in CNP
formulation may or may not be covalently linked to excipient or carrier. The sustained
presence in the blood can be evaluated by pharmacokinetic/pharmacodynamic analysis
after admirustration.

As used heretn, the term "long acting CNP derivative” is a UNP derivative that
when admunistered as a single bolus dose to a maromalian subject or pattent has sustained
presence in the plasma or sustained plasma cyclic-GMP elevation over the baseline of
greater than 4 hours, or greater than 6 howrs, depending on the species. A long acting NP
derivative encompasses a very long-acting CNP derivative. The long-acting nature can
result from the CNP derivative structure iiself, or from the combination of the CNP
derivative with one or more components of a formulation containing the CNP dernivative.
The presence in the plasma or blood refers to a detectable presence over the endogenous
native agonist that are normally made by the mammals or above an analvitical baseling level
in the absence of adminisiration of a therapeutic compound, peptide, protein or formulation.
The sustained presence in the blood can be evaluated by pharmacokinetic/
pharmacodyvnamic analysis after administration. In some embodiments, the CNP
derivative is a modified ONP with at least 72% {e.g., at least 80%, at least 5%, at least
90%, at least B53%, or at Jeast 98%) sequence horoology or identity to native CNP. fusome
embodiments, the CNP derivative is an addition derivative where a native CNP is modified
by covalent addition of a chemical moiety, such as one or more additional amino acids
and/or fatty acids and/or any chenical motety and/or moteties at the N-terouval, C-
termunal, or in the R-group of any amino acid residue in the CNP peptide.  In some
embodiments, the CNP dervative includes a substitution derivative where 1 1o 6 amino
acud residues (or 5 to 28% of the amino acid restdues) ju native CNP is replaced by different

or ynnatural amino acid residues. In certain embodiments, the CNP derivative includes a

=26
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subtraction derivalive wherg 1 {0 6 amino acid residues {or 5 {0 28% of the amino acid
residues) in anative UNP are deleted. In certain embodiments, the CNP derivative includes
a subiraction derivative where 1 to 6 amino acid residues {or 5 1o 28% of the amino acid
restdues) in a native UNP are deleted and/or substituted. A ONP derivative formudation
refers to a composition containing a CNP derivative with one or more excipient or carrier
such as polymer, protein, sugar, detergent, or buffer.

As used herein, the term "very long acting CNP derivative” refers to a long acting
CNFP derivative or CNP derivative, that when admunistered as a single bolus dose to
mammalian subject or patient, has sustained presence in the plasma or sustained plasma
cyclic-GMP elevation over the baseline that has a duration of 24 hours or greater. Thus, a
very long acting UNP derivative is a subset of long acting CNP derivative. The very long
acting CNP dernivative can result from the CNP dertvative structure itself, or from the
corobination of the CNP denvative with one or wore compouents of a formulation
containing the CNP derivative. The presence in the plasma refers to a detectable presence
over an analytical baseline plasma level in the absence of administration of the very long
acting CNP dertvative. The duration of plasma cyclic-GMP elevation or the presence of
detectable CNP derivative over the baseline can be from 24 to 192 hours, or 24 to 48 hours,
or 48 to 72 hours, or 72 to 96 hours, or 96-120 hours, or 120 {0 144 hours, 144 10 168 howurs,
or 168 to 192 hows. The sustained presence i the blood can be evaluated by
pharmacokinetic/pharmacodynamic analysis after administration. In some embodiments,
the UNP derivative includes a modified CNP with 72% {e.g, at least 80%, at least 85%, at
feast 90%, at least 95%, or at least 98%) sequence identily to native CNP. In some
embodiments, the CNP derivative is an addition derivative where native CNP is modified
by covalent addition of chemical moiety such as additional amino acids and/or fatty acid
and/or any chemical moiety and/or moieties at N-terminal, C-ternunal, or in the R-group
of anv anuno acid residue in the CNP peptide. In some embodiments, the UNP derivative
1¢ a substiution denvative where 1-6 amino acid residues {or 5-28% of the amuno acid
restdues) innative CNP is replaced by different or unnatural amino acid residues. In certain
embodiments, the CNP denivative is a subtraction derivative where 1-6 amino acid residues
{or 5-28% of the amino acid residues) in native CNP were deleted. In certain embodiments,
the CNP denvative includes a subtraction derivative where 1 to 6 amino acid residues (or

5 10 28% of the amino acid residues) in a native CNP are deleted and/or substituted. UNP
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derivative formulation is a composition containing CNP derivative with one or more
excipient or carrier such as polymer, protein, sugar, detergent, or buffer.

As used herein, the term "formulation of a UNP" or a "formulation of a NP
derivative” refers 1o a composition containing CNP peptide or its derivative that may or
may not be covalently linked to an excipient or carnier such as polymer, protem, and/or
fipid.

As used herein, the termy "NPRB agonist” or "NPR2 agonist” refers to any
compound, peptide or protein that does not contain the 22 amino acid residue CNP
sequence in Hs structure and that can bind to NPRB, a cell catalytic receptor, and stinuilate
its intraceliular guanvivl cyclase activity 1o increase intracellular or blood cvclic-GMP
fevel, but with linuted or no capability to bind and stimulate NPRA receptor. Since not all
cells express similar levels of NPREB, the NPRB agonist is tatlored to primarily affect those
cells expressing NPRB. This selectivity can be readily roeasured by those skilled n the art
by measuring the activity in cells that expresses NPRB, compared 1o activity in cells that
expresses NPRA.

As used herein, the term "long acting NPRB agonist” refers to an NPRB agonist
defined above, that, when administered as a single bolus dose to a mammalian subject or
patient has sustained presence in the plasma or sustained plasma cychie-GMP slevation
over the baseline of greater than 4 hours or greater than 6 hours depending oun the species.
A long acting NPRB agonist encompasses a very long acting NPRB agonist. The long
acting nature of the NPRB agonist can result from the NPRB agonist structure tiself] or
from the corobination of the NPRB agonist with one or more components of a formulation
containing the NPRB agonist. The presence in the plasma means a detectable presence
over an analvtical baseline level in the absence of admunistration of a long acting NPRB
agomist. A fornwlation of a long acting NPRB agonist or a long acting NPRB agownst
formulation 15 a composition containing a long acting NPRBE agomist, or a long acting
NPRB agonist with one or more an excipient or carrier such as a polymer, protein, sugar,
fipid, or buffer. The long acting NFRB agomnist may or may not be covalently linked o
exciptent or carrier.  The sustaimed presence mn the blood can be evaluated by
pharmacokinetic/pharmacodynamic analysis afier adminisiration. The sustained plasma
elevation of cychce-GMP above the baseline can be evaluated by pharmacodynamic

analysis after administration.
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As used here, the term "very long acting NPRB agonist” refers to a long NPRB
agonist that, when admimstered as a single bolus dose to a mammalian subject or patient,
will have sustained presence in the plasma or sustained plasma cyclic-GMP elevation over
the baseline of 24 hours or greater. A very long acting NPRB agonist is a subset of a long
acting NPRB agonist. The very long acting nature of the NPRB agonist can result from
the NPREB agonist structure itself, or from the combination of the NPRB agonist with one
or more componenis of a formulation containing the NPRB agonist. The presence in the
plasma means its detectable presence over an analytical baseline level in the absence of
administration of a very long acting NPRB agonist. The duraiion of plasma cyclic-GMP
elevation or the presence of detectable NPRB agonist over the baseline can be from 24 (o
192 hours, 24 to 48 hours, or 48 to 72 hours, or 72 to 96 hours, or 96-120 hours, or 120 to
144 hours, 144 to 168 hours, or 168 to 192 hours. A formulation of a verv long acting
NPRB agonist or a very long acting NPRB agorust formulation refers fo a coruposiiion
containing a very long acting NPRB agonist, or a very long acting NPRB agonist with one
or more an excipient or carrier such as a polymer, protein, sugar, lipid, or buffer. The very
fong acting NPRB agonist may or may not be covalently linked to excipient or carrier. The
sustained presence in the blood can be evaluated by pharmacokinetic/ pharmacodynamic
analysis after administration. The sustained presence in the blood can be evaluated by
pharracokinetic/pharmacodynaroic analysis after adounistration. The sustained plasma
elevation of cyclic-GMP above the baseline can be evaluated by pharmacodynamic
analvsis after administration.

As used herein, the phrase "NPRB agonist with limited or no agonistic activity
against NPRA" refers to an NPRRB agonist that has greater than 3-fold binding affinity {or
lower ECS50) for NPRB than NPRA

As used herein, the term "polymer” refers to a macrornolecule formed chuefly or
entirely of many simular repeating units covalently bonded together. The term polyvmer
includes cellulose dertvatives, polv{ethviene glycol) (PEG), methoxy poly{ethylene glveol}
{MPEG), poly{lactic-co-glveolic acid), and polv(N-vinyl pvrrohidone) and denvatives
thereof. These polymers can be branched or linear. As used herein, a polymer can be
attached {0 peptides, protein or a Hinker group by amide, ester, ether, thiocther, thicester, or
carbamate bond or by linkers containing one of those bonds. Polymer can also be grafied

with each other for make a protected graft co-polymer excipient that, when mixed with an
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active pharmacewtical ingredient, can enhance pharmacokinetic and pharmacodynamics
performance of active pharmaceutical ingredient by extending its presence in the blood or
plasma after administration in vivo.

The term "amino acids” as used herein are organic compounds with molecular
weight of less than 500Da that contain amino (-NH32) and carboxyl (-COOH) functional
groups, along with a side chain (R group) specific to each amino acid. The key elements
of an amino acid are carbon {C), hyvdrogen (H), oxygen (0}, and nitrogen (N}, although
other elements are found in the side chains of certain amino acids. About 500 naturally
occurring amino acids are known as of 1983 (though only 2{ appear in the mammalian
genetic code, these 20 amino acids are also referred to herein as "natural amino acids)).
Amino acids can be alpha amino acids, where the amino group is bonded directly to the
alpha carbon. Amino acids can be non-alpha amino acid, where the primary amino group
15 linked to a carbon other than the alpba position. The alpba carbon is the carbon directly
adjacent to the carboxvl group.

The term "derivative” or "analog” as used herein inchudes compounds whose core
structures are the same as, or closely resernble that of, a parent compound, but which have
a chenucal or physical modification, such as different or additional groups; the term
includes co-polymers of parent compounds that can be linked to other atoms or molecules.
The term also includes a peptide or protein with at least 72% {e.z.. at least 80%, at least
85%, at least 90%, at least 5%, or at least 98%) sequence identity with the parent peptide
or protein. The {erm also inchudes a peptide with additional groups attached to i, such as
additional label or tag, compared to the parent peptide. The term also ncludes a polvmer
with additional group attached to it, such as alkoxy or methoxv group. compared to the
parent polymer.

As used herein, an "addition derivative” or "expansion derivative" refers to a
peptide derivative where the main backbone amino acid sequence for a peptide remains the
same, bul the addition of extra functional groups and/or amino acid residue o the main
amino acid sequence using one or more reactive moieties in the mwain amino acid sequence
provides the addition derivative or the expansion derivative. The addition denvative or
expanston dertvative ts different from a truncation and/or substitution peptide derivative

where one or more anuno acid residues in the main backbone amino acid sequence of the
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peptide have been removed and/or replaced by different functional groups and/or amino
acids, respectively.

As used herein, the term "linker group” or "linking group" or "linker" refers o
atoms or chemucal moieties that covalently link or bond two entities {e.g., portions of two
molecules) together. For example, a linker precursor such as an amino acid, a peptide, or
nop-anino acid molecule derived from conumercially available crosslinkers can be reacted
with two entiies, linking the two entities together via the linker group. Ouce the two
moieties are linked together, the linker group is the portion that remains from the linker
precursor in the final linked entities. For example, if molecule A is to be linked to molecule
B, a linker group can have two chemical functional groups where one fumctional group will
react with A and the other functional group will react with B resulting in "A-linker group-
B". In this case, the linker group is the portion of the linker precursor that remains after
the covalent linking of A and B.

As used herein, the term "polyvpeptide” refers to a polymer of aming acids.

As used herein, the term "peptide” refers to a poly peptide with three or more amino
acids covalently linked together by amide bonds through alpha amino and alpha carboxyl.
The number of amine acid residues in a peptide can be 3 to about 100 units.

As used herein, the term "protein” refers to a polypeptide large enough to have a 3-
dimensional structure, such as a B-barrel, or an o-helix,

As used herein, the term "antibody” refers to a protein produced by the immune
cells that recognize a specific antigen. It is a protein produced in response to and
counteracting a specific antigen in the blood. Antibodies combine chemically with
substances which the body recognizes as alien, such as bacteria, viruses, and foreign
substances in the blood

As used herein, the term "humanized antibody” refers an antibody frors vov-human
species whose protein sequences have been modified to increase their similarity to antibody
variants produced naturally in humans.

8 "

As used heremn, the termn "subcuianeous administration,” “se., "sc
admunistration,” "SC." or "SC admiristration” refers to a delivery of drug, usually in hquid
form, directly into the fatty tissues just beneath the skin. The delivery is usually carried

out by direct injection. These injections are shallower than those injected into muscle
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fissues. Providers often use subutaneous injections for medications that are suttable for
absorption into the bloodstream slowly and steadily,

As used herein, the term "intravenous administration,” "IV adminisiration.” or "IV
injection” refers to a delivery of drug, typically in Hiquid form, directly into a vein of an
animal or human. The delivery methods are usually by direct injection. The intravenous
route of adnunistration can be used both for injections, using a syringe at higher pressures;
as well as for infusions, for example, using the pressure supplied by gravity.

As used herein, the term "intramuscular administration,” "IM adnunistration," or
"IM injection” refers to an intramuscular delivery of drug, usually in hquid form, directly
into the muscles of an animal or human. The delivery is usually by direct imjection. This
allows the medication to be absorbed into the bloodsiream quicklv. In some instances, a
person may also self-admunister an IM injection. In some embodiments, 1M injections can
be used instead of fntravenous mjections, for example, when certain therapeutic agents are
irritating to veins, or when a suitable vein cannot be located.

As used herein, the term "nasal administration” refers to a delivery of a therapeutic
agent {e.g., in form of gel, liqud, asrosol, gas, or powder) by topical application, dropping
as a hquid, msuftlation (or blown or spraved), into the nose of an animal or a human, This
form of administration can be used, depending on the formulation, for example, to deliver
a therapeutic agent to the nasal cavity or the hungs (depending on the device used), and/or
may not be absorbed systenucally {purely local adnunisiration), and/or may be totally
absorbed systemically {purely systemic), and/or more frequently partially absorbed (both
focal and svstemic). Nasal sprays can include locally acting drugs such as decongestants
for cold and allergy treatment, whose systemic effects are typically minimal. Examples of
systemically active drugs available as nasal spravs include, for example, migraine drugs,
nicotine replacement, and hormone treatments.

As used herein, the term "parenteral” or "non-gastrointestinal" administration refers
o a route of administration that is not through enteral or gastrointesiinal routes. Examples
of parenieral admimstration include subcutaneous {under the skin), intravenous (nio a
vein), intra-arterial (into an artery), intramuscular {(into a muscle), intraperitoneal (infusion
or injection into the peritoneum), inhalation {(e.g, by intrairacheal inhalation
adrotrustration, where a subject s exposed to high aerosol concentrations of the active

pharmaceutical ingredient such that the acuive pharmaceutical ingredient is deposited
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directly in the lower respiratory tract), nasal adminstration (through the nose}, sublingual
and buccal medication, intrathecal (into the spinal canal}, intracerebral (into the cerebrum),
intracerebroventricular (into the cerebral ventricles), intradermal (into the skin itself), or
any other administration routes not involving the gastrointestinal tract. As used herein, the
term "enteral” means adnunistration to any region of the alimentary tract and including
mouth {oral), pharvax (throat}, esophagus, stomach, small intesting, large intestine, rectum,
and ams ot through an artificial opening n any of these regions.

As used herein, the term "therapeutic agent,” "drug." or "active pharmaceutical
ingredient” refers to a substance or a molecule capable of producing a curative effect in a
disease state.

As used herein, the term "excipient” refers to a substance that is formulated together
with or mixed with an active pharmaceutical ingredient for the purpose of long-term
stabilization, to bulk up formulations that coutain potent active ingredients in sroall
amounts (thus often referred to as "bulking agents”, "fillers", or "diluents"}), and/or to confer
a therapeutic enhancement on the active pharmaceutical ingredient in the final dosage form,
such as to facilitate drug absorption and/or potency/dose, reduce viscosity, enhance
solubtlity, and/or prolong the action or presence of the active pharmaceutical ingredient in
the blood. The selection of appropriate excipients depends upon the route of administration
and the dosage form, the active pharmaceutical ingredient, and other factors. The excipient
can wnclude, for example, sugar, amino acid, buffer, antioxidant, chelating agent, solvent
or vehicle, and/or a complex polymer that binds and stabilizes an active pharmaceutical
mgredient in vifro and/or in vivo. Though excipiends were at one time assumed to be
"mactive" ingrediends, it is now understood that they can sometimes be "a key determinant
of dosage form performance.” In other words, the effects of an excipient on
pharracodynamics and pharmacokinetics can be iroportant and can require extensive
research and study. How an excipient mfluences delivery of an active pharmaceutical
ingredient is often unpredictable.

As used herein, the term "treatroent” refers to a procedure performed after diagnosis
of the condition.

As used herein, the termy "mitigation” refers a procedure that is performed to

prevent, or decrease the likelihood, of an anticipated injury or disease.
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As used herein, the ferm "healthy subject” refers 1o individual (human and/or
mammalian animals) who are participant in a research study with no significant health
related tssues. For the purpose of the present disclosure these are individuals without hung,
fiver and/or kidney disease who are of the same age range as the individual having hung,
fiver and/or kidney disease as evaluated by those skilled i the art {(physician and/or
clinician). As an example, healthy human adult subject with healthy hung will have average
fung capacity of about 4.8-7.2L as measured by spiromelry, arterial blood hemoglobin
saturation of 95-100% and/or blood oxygen level of 80-100mmHg, and arterial blood
carbon dioxide of about 35-45 mm Hg. Healthy human subject with healthy liver will have
total plasma protein of about 60 to 83 g/L, albumin of about 34 16 54 g/L, total bilirubin of
about 0-12mg/L for adults (0-10mg/L for those under 18), direct bilirubin {conjugated) of
about 0-3mg/L, serum atkaline phosphatase (ALP} of adults of about 44-147 international
units per ter (FU/L) or 0.73-2.45 mcrokatal per ter (pkat/L) but about twice ju chaldren
under 18 vears of age. aspartate aminotransferase {AST) of about 5-40U/L, and alanine
aminotransferase (ALT) of about 7-36U/L of serum. Healthy human subjects with healthy
kidney will have kidnev panel resulis that do not deviate from the following parameters:
glomerular filtration rate greater than 60 mb/min/1.73 sqm, blood creatinine of abowt 5.0
to 15 mg/L and varies by about 20% depending on the assay used, blood urea nitrogen
{BUN} 70 to 240 mg/L, BUN to creatinine of about 6 to 25, seruwm sodium of about 135-
145 mM, serum potassium of about 3.6-5.2 mM. chloride of about 98-112 mM, bicarbonate
of about 17-29mM anion gap of 7-15, and phosphorous 43-45mg/L.  In addition, a
generally normal healthy human subject will have resting pulse rate ranges between 50 and
90 beats/min for-human while wider ranges seem acceptable provided there are no
indications of thyroid dvsfumetion or other known significant health problems.

As used herein, the term "elevated total protein m the hungs® or "elevated total
protein in BALF" refers to an increase concentration of protein in bronchoalveolar lavage
fluid {BALF) by atleast 1.5-fold compared to0 BALF from a normal healthy control subject
measured in the same manner. The level can be up to 4-fold (e g, up to 2-fold, up to 3-
fold, or up to 4-fold) compared to the normal healthy control subjects.

As used herein, the term "elevated level of mBammatory cytokines in BALF" refers
o an mncrease concentration of inflammatory cytokines (e.g., IL-6, TNFa (TNF-a), MCP-~

1, iL-1by in BALF by at least 4-fold compared to BALF from a normal healthy control
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subject measured in the same manner. The level can be up to 10-fold io 100-fold {e.g., up

o 20-fold, up to 30-fold, up to 40-fold, up to 50-fold, up to 60-fold. up to 70-fold, up to
80-fold, up to 90-fold, or up to 100-fold) compared to BALF of the normal healthy control
subjects.

As used herein, a "hquid" is a substance whuch flows freely at room temperature,
such that its shape changes but its volume retains constant, e.g., as would water or an oil.

As used herein, "room temperature” denotes a typical ambient indoor {emperature
of about 25°C.

Unless defined otherwise, any feature within anv aspect or embodiment of the
disclosure may be combined with any feature within any other aspect or embodiment of
the invention, and such combination are encompassed in the present disclosure. This also
applies, but not exclusively, to endpoints of ranges disclosed herein. For instance, if a
given substance is disclosed as existing in a coraposifion in a concentration range of X-¥%
or A-BY%, the present disclosure is 1o be understood as explicitly disclosing not only the
ranges X-Y% and A-B%, but also the ranges X-B%, A-Y% and, in as far as numerically
possible, Y-A% and B-X%. Each of these ranges, and range combinations, are
contemplated, and are to be understood as being directly and unambiguously disclosed in
the present application.

Unless stated otherwise, the designation of a range i the present application using
a hyphen ("-") separating two bracketing values X and Y, or two bracketing ratios, 15 {0 be
understood as meaning and disclosing the specified range in which both endpoint values X
and Y are included. The same applies (o arange expressed as "from X to Y". Accordingly.
the expressions of ranges as "X-Y", "of X 10 Y", "from X to Y", "of X-Y" and "from X-¥Y"
are to be understood equivalently as meaning and disclosing a range encompassing the end
value X, all values (including decimals) between X and Y, as well as the end value Y.

As used herein the term "abowt" when referring fo a particular value, 2.g, an
endpoint or endpoints of a range, encompasses and discloses, in addition {o the specifically
recited value iselfl a certain vanation around that specifically recited value. Such a
variation may for example arise from normal measurement variability, e. g, m the weighing
or apporiioning of vartous substances by methods known to the skilled person. The term
"about" shall be understood as encompassing and disclosing a range of variability above

and below an indicated specific value, said percentage values being relative to the specific
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recited value tsell] as follows: The term "about” may encompass and disclose vanability
of = 5.0%. The term "about" may encompass and disclose variability of + 4.5%. The term
"about” mav encompass and disclose vanability of £ 40%. The term "about" may
encompass and disclose variability of + 3.5%. The term "abowt" may encompass and
disclose variabilitv of = 3.0%. The term "about" may encompass and disclose vanability
of = 2.5%. The term "about” may encompass and disclose variability of + 2.0%. The term
"about" may encompass and disclose variability of + 1.5%. The ferm "about" may
encompass and disclose variability of + 1.0%. The term: "abouwt” may encompass and
disclose variability of + 0.5%. Theterm "abowt", in reference to the particular reciied value,
may encompass and disclose that exact particular value itself, irrespective of any explicit
mention that this exact particular value is included; even in the absence of an explicit
indication that the term "about” includes the particular exact recited value, this exact
particular value is still included 1 the range of variation created by the term "about”, and
is therefore disclosed in the present application. Unless stated otherwise, where the term
"abowut" is recited before the first endpoint of a numerical range, but not before the second
endpoint of that range, this term, and the variability it implies in scope and disclosure, refers
to both the first endpoint of the range and the second endpoint of the range. For instance,
arecited range of "about X to Y" should be read as "about X to about Y". The same applies
for arecited range of ratios. For instance, a recited range of weight ratios of "about XY -~
A:B" should be read as a weight ratio of "(about X}:.{about Y) - {about A):(about B}".

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly undersiood by one of ordimary skill 1o the art.  Although
methods and materials sinular or equivalent to those described herein can be used in the
practice or testing of the present disclosure, suitable methods and materials are described
below. All publications, patent applications, patents, and other references mentioned
herein are incorporated by reference in their entirety. In case of conflict, the present
specification, including definitions, will control. Tn addition, the materials, methods, and
examples are illustrative only and not intended to be limiting,

It will be readily understood that the aspecis of the present disclosure, as generally
described herein, and illustrated in the figures, can be arranged, substituted, combined,
separated, and designed i a wide variety of different configurations, all of which are

explicitly conternplated herein.
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Furthermore, the particular arrangements shown in the FIGURES should not be
viewed as limiting. It should be understood that other embodiments may include more or
iess of each element shown in a given FIGURE. Further, some of the illustraied elements
may be combined or omitted. Yet further, an example embodiment may include elements
that are not llustrated in the FIGURES.

Treatment methods

The present disclosure features a treatment methods, including method of treating
a subject {e.g, a manunalian subject, a patient in need thereof} having a lung, liver, and/or
kidney injury, or a condition or a symptom associated with a lung, liver, and/or kidney
injury. The lung, liver, and/or kidney injury, or the condition or symptom assoctated with
the hung, liver, and/or kidney injury can include, for example, acute lung injury (ALI), acute
respiratory distress svndrome (ARDS), pulmonary edema, efevated level of inflammatory
cells n the lung, mncreased level or expression of mflammatory cvtokines in the hung
{compared to healthy lung), increased protein level in hung alveolar space {compared to
healthy lung), low arterial blood oxygenation (wherein low arterial blood oxygenation is a
blood Pa0?2 of below 60 mm Hg and/or a blood hemoglobin oxygen saturation (Sp02) of
below 90%), sepsis, bacteremia, pneumonia, fibrosis {e.g.. lung, liver, or kidney fibrosis),
and/or kidney injury. In some embodiments, the lung, liver, and/or kidney mjwry, or the
symptorn associated with the Juog, hver, and/or kidoey irgury can inclade, for exanple,
acute lung injury {ALD), acute respiratory distress syndrome {ARDS), pulmonary edema,
elevated level of imflamimatory cells in the lung, increased level or expression of
mflammatory cytokines in the lung (compared to healthy lung), increased protein level in
iung alveolar space (compared to healthy lung), low arterial blood oxygenation {(wherein
low arterial blood oxvgenation is a blood Pa(2 of below 60 mun Hg and/or a blood
hemoglobin oxygen saturation (SpO2) of below 90%;), pneumonia, fibrosis, and/or kidney
ijury. The subject can have low arterial blood oxygenation, defined as a blood PaQ2
below 60 mm Hg and/or a blood hemoglobin oxygen saturation (8p02) below 90%,.

The present disclosure also features a method of treatment of fibrosis in general,
mcluding, for example, lung fibrosis, liver fibrosis, cirthosis, and kidney glomerular
sclerosts, and treatment of or providing protection from kidney injury.  The methods
include admimistering to the subject a therapeutically effective bolus dose of a composition

including a long acting CNP, a very long acting CINP, a long acting UNP derivative, a very
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iong acting CNP derivative, a long acting NPRB agonist, and/or a very long aciing NPRB
agorust. The therapeutically effective bolus dose 1s a dose that does not decrease or cause
a decrease in blood pressure (or mean arterial pressure) by more than 20% {e.g., by more
than 15%, by more than 10%, or by more than 5%) of a baseline blood pressure
measurement, where the baseline blood pressure measurement is an average blood pressure
prior to admunistration of the composition, but the dose can increase plasma cyclic-GMP
ievel at from 1 hour {0 12 howrs (e g, 210 12 hours, 4 to 12 hours, 1 howr t0-24 hours, 2 to
24 hours, 4 to 24 hours, 1 hour to 84 hours, 2 to 84 hours, 4 to 84 hours, 12 to 84 hours, 1
hour to 168 howrs, 2 to 168 howrs, 4 to 168 howrs, or 12 to 168 hours) after administration
to above 1.5x {e.g., above 2x, above 3x, above 4x, or above 5x) of a baseline plasma cyclic-
GMP level, where the baseline plasma cyclic-GMP level is defined as the plasma level
prior to adnunistration of the bolus dose, the plasma level of the healthy subject which is 4
+/- 1 pmol/md, or about §.4 mg/ml i humans (but which can vary between species). See,
e.g, Shotan ¢f al.. Plasma cyclic guanosine monophosphate in chronic heart failure:
hemodynamic and neurchormonal correlations and response to nitrate therapy. Clin
Pharmacol Ther, 1993, 346} p. 638-44, incorporaled herein in ifs entirety. In a preferred
embodiment, the baseline level 15 the measured level prior to drug administration for the
same subject to which treatment is provided, and that level can vary from one subject to
the next. In practicing the present disclosure, any baseline parameter that used as a
reference parameter to evaluate the effect of the treatment is established by measurement
prior to treatment.  Typically, but not exclusively, the baseline plasma cyelic-GMP level
varies depending on the fime of the dav with lower level dunng day-time wakefulness,
higher soon after bedtime, and can vary from 2-% pmol/mi throughout the day in human.
Thus, the measured baseline plasma cvelic GMP level prior to administration of the
corapostiion and the measured plasma cyclic GMP level afier adroirustration of the
compositions of the present disclosure can cccur at the same predetermined time every day.
Where an average baseline 15 described, the average baseline can be the average baseline
roeasurement taken at least 3 tumes at an inderval of at least 4 hours for a given parameter
within 24 hour period for a given subject. This controls for inter-subject orinter-individual
variability. In patients with congestive heart fathure the baseline plasma cyclic-GMP level
may be 2 to 3-fold hugher and the baseline is established prior to treatment for each

individual subject or group of subjects. Similarly for blood pressure, the baseline will be
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measured level prior to drug administration and is used as reference to evaluate the effect
of the treatment. The baseline ¢cGMP level in healthy mouse with no known symptoms of
any health condition is 20 (3.7) pmol/mL {mean {SEM); n=8} or 7 (1.3} ng/mL [mean
{SEM3; n=8]. The baseline ¢GMP level in dogs with no known symptoms of any health
condition is 5-12 ng/ml.

In some embodiments, adnunistering to the subject a therapeutically effective bolus
dose of the composition further decreases a total number of cells and total proteins in a
BALF sample from the subject. In certain embodiments, administering to the subject a
therapeutically effective bolus dose of the composition further decrgases MPO {an
activated neutrophil marker) in a hung tissue from the subject, compared the to the MPCO
prior to administration of the composition. In certain embodiments, administering to the
subject a therapeutically effective bolus dose of the composition fuwther attenuates
iflamwoatory cvtokive expression {2.g., IL-6, IL-1b, TNFo, MCP-1, and {FNg; which can
be present, for example, in ARDS) in the subject, compared to the inflammatory cytokine
expression prior to administration of the composition. In certam embodiments,
administering to the subject a therapeutically effective bolus dose of the composition
decreases a fibrotic area (e g., a fibrotic area in lung fibrosis, liver fibrosis, cirrhosis, and/or
iidney glomerular sclerosis) compared to the fibrotic area prior to administration of the
coroposttion, or provides treatment of/protection from kidney iojury.  In certain
embodiments, adnunistering to the subject a therapeutically effective bolus dose of the
composition further decreases a fibrotic area in a hing in a subject having idiopathic
pulmonary fibrosis, compared to prior to admimstration of the composition. In some
embodiments, administering to the subject a therapeutically effective bolus dose of the
composition further decreases cell numbers and protein levels, and decreases the
expression of any one ol IL-6, TL-1b, TNFa , MCP-1, and IFNg or any corsbination thereof
inn a subject having idiopathic pulmonary fibrosis, compared to prior to adnunistration of
composition. In some embodiments, administering to the subject the therapeutically
effective bolus dose of the composition decreases the expression of any one of AST, ALT,
a-SMA, TL-6, IL-1b, TNFa, MCP-1, IFNg, iNOS, EIf-1, Tollip, IRAK-1, P-P38, P-P65, §-
act, STATIL, P-STATIL, STAT2, STAT3, STATG, a fibrotic area, serum ¢reatinine, an
albumin/creatinine ratio in uring, hydroxyproline in a hung, or any combination thereof, of

the subject.
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In some embodiments, the therapeutically effective bolus dose does not decrease or
cause a decrease in blood pressure {or mean arterial pressure} by more than 20% {e.g.. by
more than 15%, by more than 10%, or by more than 5%) of a baseline blood pressure
measurement, where the baseline blood pressure measurement is an average blood pressure
prior to adnunistration of the composition, but increases plasma cvelic-GMP level at from
1 hour 10 12 hours {e.g., 2 to 12 hows, 4 to 12 houwrs, 1 howr t0-24 hours, 2 to 24 hours, 4
{0 24 hours, 1 hour to 84 hours, 2 1o 84 hours, 4 {0 84 howrs, 12 (0 84 howrs, 1 hour (o 168
hours, 2 to 168 hours, 4 to 168 hours, or 12 to 168 hours) after adnunistration to above 1.5x
{e.g., above 2x, above 3x, above 4x, or above 3x) of a baseline plasma cyclic-GMP level,
where the baseline plasma cyclic-GMP level is defined as the average plasma level prior
to administration of the bolus dose or the average plasma level of the healthy subject.

In some embodiments, the therapeutically effective bolus dose does not decrease or
cause a decrease in blood pressure (or mean arterial pressure) by more than 15% of a
baseline blood pressure measurement, where the baseline blood pressure measurement 15
an average blood pressure prior to administration of the compostiion, but increases plasma
cychic-GMP level at from 1 hour to 12 hours {e.g., 2 to 12 houss, 4 1o 12 houwss, 1 hour to-
24 hours, 2 10 24 hours, 4 10 24 hours, | hour to 84 hours, 2 to 84 hours, 4 to 84 hours, 12
to 84 hours, 1 howr to 168 hours, 2 to 168 hours, 4 to 168 hours, or 12 {o 168 hours} after
adronistration to above 1.5x {e.g., above 2x, above 3x, above 4%, or above 5x} of a baseline
plasma cyclic-GMP level, where the baseline plasma cyclic-GMP level is defined as the
average plasma level prior to administration of the bolus dose or the average plasma level
of the healthy subject.

In some embodiments, the therapeutically effective bolus dose does not decrease
blood pressure by more than 10% of a baseline blood pressure measurement, where the
baseline blood pressure measurernent 15 ao average blood pressure priotr to admanistration
of the composttion, bt the dose increases plasma cyclic-GMP level at from 1 hour to 12
hours {e.g., 210 12 hours, 4 to 12 hours, 1 howr 10-24 hours, 2 10 24 hours, 4 to 24 hours, |
hour 1o 84 hours, 2 to 84 hours, 4 to 84 hours, 12 1o 84 hours, | hour to 168 hours, 210 168
hours, 4 to 168 hours, or 12 to 168 hours) after administration to above 1.5x {e.g., above
2x, above 3x, above 4x, or above 5x} of a baseline plasma cyclic-GMP level, where the
baseline plasma cyche-GMP level s defined as the average plasma level prior to

administration of the bolus dose or the average plasma level of the healthy subject.
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In some embodiments, the therapeutically effective bolus dose does not decrease
blood pressure by more than 5% but the dose increases plasma cyclic-GMP level at from |
hour 10 12 howrs {e.g., 2 t0 12 hours, 4 {0 12 howrs, 1 hour t0-24 hows, 2 to 24 hours, 4 {o
24 hours, 1 hour to 84 hours, 2 to 84 hours, 4 to 84 hours, 12 to 84 hours, 1 hour to 163
hours, 2 to 168 hours, 4 1o 168 hours, or 12 to 168 hours) after administration to above 1.5x
{e.g., above 2x, above 3x, above 4x, or above 5x) of a baseline plasma cyclic-GMP level,
where the baseline plasma cyehie-GMP level 1s defined as the average plasma level prior
to administration of the bolus dose or the average plasma level of the healthy subject.

The methods of the present disclosure are made possible by the surprising discovery
that CNP can be modified, derivatized, and/or formulated in such a way that i can
mduce/cause an increase and/or maximize cvelic-GMP production without the associated
detrimental drop in blood pressure. In particular, the blood pressure effect of UNP can be
mimimized or ehininated at a therapeutic bolus dose that increases plasma cvclic-GMP by
1.5-fold or greater above the baseline in a sustained maonner for greater than 4 hours or 6
howrs, depending on the administered peptide.

In some embodiments, the present disclosure features methods of treating a subject
{e.g.. a mamumalian subject, a patient in need thereof) having a lung, liver, and/or kidney
mnjary, or a condition or symptom associated with a fung, liver, and/or kidney injury, such
as: acute lung myury {ALT), acufe respiratory distress syndrome (ARDS), pulmonary
edema, elevated level of inflanunatory cells in the lung, increased level or expression of
inflammatory cytokines in the lung {compared to heaithy lung), increased protein level in
fung alveolar space (compared to healthy lung), low arterial blood oxygenation {wherein
fow arterial blood oxygenation is a blood Pa02 of below 60 nun Hg and/or a blood
hemoglobin oxvgen saturation {Sp2) of below 90%), sepsis, bacteremia, pnewmonia,
fibrosis jn general {2.g., lung/puloonary fibrosis, liver fibrosis, cirrhosis, and/or kidney
glomerular sclerosis), and/or kidney iqjury. In some embodiments, the lung, liver, and/or
kidney injury, or the symptom associated with a tang, iver, and/or kidney injury inchade:
acute lung jojury (ALD), acute respiratory distress syndrome (ARDS), pulmonary edema,
elevated level of mmflammatory cells in the lung, increased level or expression of
mflammatory cytokines in the hung {compared to healthy hung), increased protein level in
fung alveolar space {compared to healthy lung), low artenial blood oxygenation (wheremn

fow arterial blood oxygenation is a blood Pa02 of below 60 mm Hg and/or a blood
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hemoglobin oxygen saturation (SpO2} of below 90%), pneurnonia, fibrosis in general (e.g.,
fung/pulmonary fibrosis, liver fibrosis, cirthosis, and/or kidnev glomerular sclerosis),
and/or kidney injwy. In some embodiments, the subject can have a low arterial blood
oxygenation, defined as a blood Pa02 below 60 mm Hg and/or a blood hemoglobin oxygen
saturation {Sp02) below 90%. The methods are described below.

In some embodimenis, the methods include administering to the subject a
therapeutically effective bohus dose of a composition inchuding a long acting CNP, wherein
therapeutically effective bolus dose does not decrease or a drop in blood pressure {or mean
arterial pressure) by more than 20% (e.g., bv more than 15%, by more than 10%, or by
more than 5%} of a baseling blood pressure measurement, where the baseline blood
pressure measurement i1s an average blood pressure prior fo admunistration of the
composition, but enough to increase plasma cvclic-GMP level at from 1 hour to 12 hours
{e.g., 210 12 hours, 4 to 12 hours, | hour t0-24 hours, 2 to 24 hours, 4 to 24 hours, 1 howr
to &4 hours, 2 to 84 howurs, 4 to 84 hours, 12 to 84 hours, 1 hour to 168 hours, 2 to 168
hours, 4 to 168 hows, or 12 to 168 hours) after administration to above 1.5x {e.g , above
2x, above 3x, above 4x, or above 5x) of a baseline plasma cychic-GMP level, wherein
baseline is the average plasma level prior to administration of the composition or the
average plasma level of a healthy subject {preferably the average plasma cvelic-GMP level
prior to adovoistration of the composition for the subject). In some embodiments, the
therapeutically effective bolus dose does not decrease or cause a decrease in blood pressure
{or mean arterial pressure) by more than 20% {(e.g., by more than 15%, or by more than
10%. or by more than 5%) of a baseline blood pressure measurement, where the baseline
blood pressure measurement 15 an average blood pressure prior to adnunistration of the
composition, but can increase plasma cyclic-GMP level at from 1 hourto 12 howrs {e.g, 2
o 12 hours, 4 1o 12 hours, | hour to-24 hours, 2 to 24 hours, 4 to 24 hours, 1 hour to 84
hours, 2 1o 84 hours, 4 t0 84 hours, 12 to 84 hours, | hour to 168 hours, 2 to 168 hours, 4
to 168 hours, or 12 1o 168 hours) after administration to above 1.5x {e.g., above 2x, above
3x, above 4x, or above 5x) of a baseline plasma cvclic-GMP level, where the baseline
plasma cychic-GMP level 1s defined as the average plasma level prior to administration of
the bolus dose or the average plasma level of the healthy subject {preferably the average

plasroa cyclic-GMP level prior to admunisiration of the composition for the subject).
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In some embodimenis, the methods include admunistering to the subject a
therapeutically effective bolus dose of a composition including a very long acting CNP;
wherein therapewtically effective bolus dose does not decrease or a drop in blood pressure
{or mean arterial pressure} by more than 20% (e.g., by more than 15%, by more than 10%,
or by more than 5%) of a baseline blood pressure measurement, where the baseline blood
presswre measwement is an average blood pressure prior to administration of the
coraposiiion, but enough to increase plasma cyclic-GMP level at from | hour to 12 hours
{e.g., 2 to 12 hours, 4 to 12 hours, 1 hour t0-24 hours, 2 to 24 hours, 4 to 24 hours, 1 hour
to 84 hours, 2 to 84 hours, 4 1o 84 hours, 12 to 84 hours, 1 hour to 168 hours, 2 to 168
howurs, 4 to 168 howurs, or 12 to 168 hours}) after administration to above 1.5x {e.g., above
2x, above 3x, above 4x, or above 5x) of a baseline plasma cychic-GMP level, wherein
cyclic-GMP baseline is the average plasma level prior to administration of the composition
or the average plasma level of healthy manunahan subject. In some embodiments, the
therapeutically effective bolus dose does not decrease or cause a decrease in blood pressure
{or mean arterial pressure} by more than 20% {(e.g., by more than 15%, by more than 10%,
or by more than 5%) of a baseline blood pressure measurement, where the baseline blood
pressure measurement i1s an average blood pressure prior fo admunistration of the
composition, but can increase plasma cyclic-GMP level at from 1 hourto 12 hows (e g, 2
to 12 howrs, 4 to 12 hours, | hour to-24 hours, 2 to 24 houts, 4 t0 24 hours, 1 hour 1o 84
hours, 2 1o 84 hours, 4 t0 84 hours, 12 to 84 hours, | hour to 168 hours, 2 to 168 hours, 4
to 168 hours, or 12 to 168 hours) after administration to above 1.5x {e.g., above 2x, above
3%, above 4x, or above 5x) of a baseline plasma cyclic-GMP level, where the baseline
plasma cychic-GMP level is defined as the average plasma level prior to administration of
the bolus dose or the average plasma level of the healthy subject (preferably the average
plasroa cyclic-GMP lfevel prior to admunisiration of the composition for the subject).

In some embodiments, the methods include admunistering to the subject a
therapeutically effective bolus dose of a composition including a long acting CNP
derivative; wherein therapeutically effective bolus dose does not decrease or cause a drop
m blood pressure {or mean arterial pressure} by more than 20% (e.g.. by more than 15%,
by more than 10%, or by more than 5%) of a baseline blood pressure measurement, where
the baschine blood pressure mcasurement 13 an average blood pressure prior 1o

administration of the composition, but enough to increase plasma cychic-GMP level at from
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1 howur {0 12 hours {e.g., 2 10 12 howss, 4 10 12 howrs, 1 hour t0-24 hours, 2 to 24 hours, 4
to 24 hours, 1 hour to 84 hours, 2 to 84 hours, 4 to 84 hours, 12 to 84 hours, 1 hour to 168
hours, 2 to 168 hours, 4 to 168 hours, or 12 to 168 hours) after admunistration to above 1.5x
{e.g., above 2x, above 3x, above 4x, or above 3x) of a baseline plasma cyclic-GMP level,
wherein baseline is the average plasma cyclic-GMP level prior to adnunistration of the
composition or the average plasma level of healthy mammalian subject.  The
therapeutically effective bolus dose is a dose that does not decrease or cause a decrease in
blood pressure {or mean arterial pressure} by more than 20% (2. g., by more than 15%, by
more than 10%, or by more than 5% of a baseline blood pressure measurement, where the
baseline blood pressure measurement is an average blood pressure prior to administration
of the composition; but the dose can increase plasma cyclic-GMP level at from 1 hour to
12 howrs {e.g., 2 to 12 houwrs, 4 to 12 howrs, T howr t0-24 hows, 2 to 24 hours, 4 to 24 hours,
§ hour to 84 hours, 2 to 84 hours, 4 to 84 hours, 12 to 84 hours, | hour to 168 hours, 2 to
168 hours, 4 to 168 hours, or 12 to 168 hours} after administration to above 1.5x {e.g,
above 2x, above 3x, above 4x, or above 5x} of a baseline plasma cvelic-GMP level, where
the baseline plasma cyclic-GMP level 1s defined as the average plasma level prior to
adnunistration of the bolus dose or the average plasma level of the healthy subject
{preferably the average plasma cyclic-GMP level prior to administration of the composition
for the subject).

In some embodiments, the methods include admunistering to the subject a
therapeutically effective bolus dose of a composition including a very long acting CNP
derivative; wherein therapeutically effective bolus dose does not decrease or cause a drop
m blood pressure {or mean arterial pressure} by more than 20% {(e.g.. by more than 15%,
by more than 10%, or by more than 5%) of a baseline blood pressure measurement, where
the basehne blood pressure mecaswement is an average blood pressure prior 1o
administration of the composition, but enough to increase plasma cyclic-GMP level at from
t hour to 12 howrs {e.g., 2 to 12 hours, 4 to 12 hours, | hour t0-24 houwss, 2 {0 24 howrs, 4
1o 24 hours, 1 hour to 84 hours, 2 to 84 hours, 4 to 84 hours, 12 to 84 hours, 1 hour fo 168
hours, 2 1o 168 hours, 4 to 168 hours, or 12 {0 168 hours) after administration to above 1.5x
{e.g., above 2x, above 3x, above 4x, or above 5x3 of a baseline plasma cyclic-GMP level,
wheremn baseline is the average plasma cyclic-GMP level pror to adwmirsstration of the

composition or the average plasma level of healthy mammalian subject.  The

A



WO 2021/252910 PCT/US2021/037031

o4

10

15

]
L

30

therapeutically effective bolus dose is a dose that does not decrease or cause a decrease in
blood pressure {or mean arterial pressure} by more than 20% {e.z2., by more than 15%. by
more than 10%, or by more than 5%} a baseline blood pressure measarement, where the
baseline blood pressure measurement is an average blood pressure prios to administration
of the composition, but the dose can increase plasma cyclic-GMP level at from 1 hour to
12 hows {e.g., 2 to 12 howrs, 4 to 12 howrs, T howr t0-24 hows, 2 to 24 hours, 4 to 24 hours,
1 hour {0 84 hours, 2 to 84 houwrs, 4 10 84 hours, 12 {0 34 hours, 1 hour {0 168 hours, 2 to
168 hours, 4 to 168 hours, or 12 to 168 hours} after administration to above 1.5x {e.g,
above 2x, above 3x, above 4x, or above 5x) of a baseline plasma cvclic-GMP level, where
the baseline plasma cyclic-GMP level is defined as the average plasma level prior to
adnunistration of the bolus dose or the average plasma level of the healthy subject
{preferably the average plasma cyclic-GMP level prior to administration of the composition
for the subject).

In some embodiments, the methods include admunistering to the subject a
therapeutically effective bolus dose of a composition including a long acting NPRB
agonist, wherein therapeutically effective bolus dose does not decrease or a drop in blood
pressure {or mean artenial pressure) by more than 20% (e.g., by more than 15%, by more

/

than 10%, or by more than 5%) of a baseline blood presswre measwement, where the
baseline blood pressure measurement 15 ao average blood pressure priot to admanistration
of the composition, but enough 1o increase plasma cyclic-GMP level at from | hour to 12
hours {e.g., 2 t0 12 houss, 4 to 12 hours, 1 how t0-24 howrs, 2 t¢ 24 howrs, 4 to 24 hours, 1
hour 1o 84 hours, 2 to 84 hours, 4 to 84 hours, 12 1o 84 hours, | hour to 168 hours, 2 10 168
hours, 4 to 168 hours, or 12 to 168 hours) after adminisiration to above 1.5x {e.g., above
2x, above 3x, above 4%, or above 5x} of a baseling plasma cyclic-GMP level, wherein
baseline is the average plasma level prior to admunistration of the compostiion or the
average plasma level of healthy manumalian subject. The therapeutically effective bolus
dose is a dose that does not decrease or cause a decrease in blood pressure {or mean arterial
pressure} by more than 20% {e.g.. by roore than 15%, by more than 10%, or by more than
5%) of a baseline blood pressure measurement, where the baseline blood pressure
measurement s an average blood pressure prior (o admmnisiration of the composition; but
the dose can mcrease plasma cyclic-GMP level at from 1 hour to 12 howrs (eg, 210 12

hours, 4 to 12 houwrs, 1 hour t0-24 hours. 2 to0 24 hours, 4 10 24 hours, 1 hour to 84 hours, 2
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{0 84 hours, 4 to 34 howrs, 12 o 84 howuss, 1 hour 10 168 hours, 2 {0 168 hours, 4 {0 168
hours, or 12 to 168 hours) after admunistration to above 1.5x {e. g, above 2x, above 3x,
above 4x, or above 5x) of a baseline plasma cyclic-GMP level, where the baseline plasma
cychic-GMP level is defined as the average plasmalevel prior to admunistration of the bolus
dose or the average plasma level of the healthy subject {preferably the average plasma
cyclic-GMP level prior to administration of the composition for the subject).

In some embodiments, the methods include admunistering to the subject a
therapeutically effective bolus dose of a composition including a very long acting NPRB
agonist; wherein therapeutically effective bolus dose does not decrease or a drop in blood
pressure {or mean arterial pressure) by more than 20% {(e.g., by more than 15%, by more
than 10%, or by more than 3%) of a baseline blood pressure measurement, where the
baseline blood pressure measurement is an average blood pressure prior to administration
of the composition, but enough 1o increase plasma cyclic-GMP level at from | hour to 12
howurs {e.g.. 2 to 12 hours, 4 to 12 hours, 1 hour t0-24 hours, 2 to 24 hours, 4 to 24 hours, |
hour 1o 84 hours, 2 to 84 hours, 4 t0 84 hours, 12 10 84 howrs, 1 hour to 168 hours, 2 to 168
howurs, 4 to 168 hours, or 12 to 168 hours}) after administration to above 1.5x {e.g., above
2x, above 3x, above 4x, or above 5x) of a baseline plasma cychic-GMP level, wherein
baseline is the average plasma level prior to administration of the composition or the
average plasroa level of healthy manvualian subject. The therapeutically effective bolus
dose is a dose that does not decrease or cause a decrease inn blood pressure {or mean arterial
pressure) by more than 20% {e.g., by more than 15%, by more than 10%, or by more than
$%)y of a baseline blood pressure measurement, where the baseline blood pressure
measurement 15 an average blood pressure prior to admirustration of the composition; but
the dose can increase plasma cyclic-GMP level at from | hour to 12 hows (e g, 210 12
hours, 4 to 12 hours, T hour t0-24 hours, 2 t0 24 hours, 4 {0 24 hours, 1 hour (o 84 hours, 2
1o 84 hours. 4 to 84 hours, 12 to 84 hours, 1 hour to 168 howrs, 2 1o 168 howrs, 4 10 168
hours, or 12 1o 168 hours) after administration to above 1.5x {e. g, above 2x, above 3x,
above 4x, or above 5x) of a baseline plasma cyvclic-GMP level, where the baseline plasioa
cyclic-GMP level is defined as the average plasma level prior to adnministration of the bolus
dose or the average plasma level of the healthy subject (preferably the average plasma

cyclic-GMP level prior to admanistration of the composition for the subject).
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The subject can have a low arterial blood oxygenation, defined as a blood PaQ2
below 60 mm Hg and/or a blood hemoglobin oxygen saturation (Sp02) below 90%. The
method includes admunistering to the subject a therapeutically effective bolus dose of a
composition including very long acting NPRB agonist; wherein therapeutically effective
bolus dose does not decrease or a drop in blood pressure {or mean arterial pressure) by
more than 20% (e.g., by more than 15%, by more than 10%, or by more than 5%} of a
baseline blood pressure measurement, where the baseline blood pressure measurement 1§
an average blood pressure prior to adnunistration of the composition, but enough to
increase plasma cvclic-GMP level at from 1 hour to 12 houss {e.g.. 2 {0 12 hours, 4 10 12
hours, I hour t0-24 hours, 2 to 24 hours, 4 10 24 howrs, | hour to 84 hours, 2 to 84 hours, 4
1o 84 hours, 12 to 84 hours, 1 hour to 168 hours, 2 to 168 hours, 4 to 168 hours, or 12 10
168 hours) after adnunistration to above 1.5x {(e.g., above 2x, above 3x, above 4x, or above
5x) of a baseline plasma cychc~-GMP level, wherein baseline 1s the average plasma cyclic-
GMP level prior to administration of the composition or the average plasma level of healthy
mammalian subject. The therapeutically effective bolus dose is a dose that does not
decrease or cause a decrease i blood pressure {or mean arlerial pressure} by more than
20% {e.g.. by more than 153%, by more than 10%, or by more than 5%} of a baseline blood
pressure measurement, where the baseline blood pressure measurement is an average blood
pressure prior o admanistration of the composition; but the dose can jocrease plasma
cyelic-GMP level at from 1 hour to 12 hours {e.g., 2 to 12 hours, 4 to 12 hours, 1 hour fo-
24 hours, 2 to 24 howrs, 4 to 24 houwrs, 1 hour 0 84 hours, 2 to 84 hours, 4 to 84 hours, 12
10 84 hours, 1 hour to 168 hours, 2 to 168 hours, 4 1o 168 hours, or 12 o 168 hours) after
adnunistration to above 1.5x {e.g . above 2x, above 3x, above 4x, or above 5x) of a baseline
plasma cyclic-GMP level, where the baseline plasma cyclic-GMP level is defined as the
average plasma level prior to administration of the bolus dose or the average plasma level
of the healthy subject (preferably the average plasma cyclic-GMP level prior to
administration of the composttion for the sabject).

The long acting NPRB agonist or the very long acting NPRB agomist can include a
polypeptide, such as an antibody. In some embodiments, the long acting NPRB agonist or
the very long acting NPREB agonist includes a molecule having a molecular weight of less

than 2kDa.
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In some embodiments, in any one of the above methods, the composition has
fimited or no agonistic activity against NPRA and/or has greater than 5-fold greater binding
affinity {or 5-fold fower EC50) for NPRB receptor than NPRA receptor.

In some embodiments, for any one of the above methods, administering to a subject
mcludes an administration method such as oral adminisiration or parenteral administration.
Examples of parenteral administration are subcianeous, intravenous, inframuscular,
inhalation, nasal, or any combination thereof. In some embodiments, the methods above
can include oral administration and/or subcutanecus adnunistration. In certain
embodiments, the methods above include iniravenous adminisiration. In some
embodiments, the methods above include intramuscular admunistration. o some
embodiments, the methods above include admimisiration by inhalation {(eg. by
intratracheal inhalation admunistration, where a subject 18 exposed o high aerosol
concentrations so that the active pharmaceutical ingredient 15 depostted directly in the
fower respiratory tract). In certain embodiments, the methods above include nasal
adminisiration. In some embodimenis, the methods above include oral administration.

In some embodiments, for any one of the above methods, administering to a subject
consists essentially of, or consists of, adminstering the compositions of the present
disclosure as a bolus dose. In some embodiments, for any one of the above methods,
adronistering to a subject does not include admimstration of the compositions of the
present disclosure by infusion over a sustained period of ime {e. g, by continucus infusion).
in some embodiments, for any of the above methods, administering to a subject does not
mnclude adnunistering the composttions of the present disclosure as a bolus dose followed
by an infusion over a sustained period of time. In some embodiments, for any one of the
above methods, administering fo a subject does not include oral administration of the
corapositions of the present disclosure.

Active pharmaceutical ingredients

For any of the above methods described above, the long acting CNP derivative or
very long acting CNP derivative can include U-GLSKGCFGLKLDRIGSMSGLGC [SEQ
D NO 2] U-GLSKGCFGLK(ULDRIGSMSGLGC  [SEQ D NO. 3}
GLSKGCFGLKONLDRIGSMSGLGC  [SEQ  ID NGO, 4]

H

CFGLKLDRIGSxSGLGC, where x 15 a natural or unnatural arsino acid residue [SEQ ID

and/or -
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NG, H L _where U is attached to the Neterminal G, € and/or to the epsilon amino of K
residue.

In some embodiments, U in the sequences above is a motety of Formula (I} or (1),
where Formuda (I} is

{aliphatic),-(30)-;
B

wherein;

ais O or 1 {preferably ais 1);

aliphatic 13 an optionally substititded Cy4.24 chain {e.g., an optionally substituted
C10.24 chain, an optionally substituted Cyo.1g chain), covalently bound to X via a
chemical linkage, such as a carbonyl {e.g.. as part of an amide or an ester linkage), a
thivether, an ether, a thioether, a carbamate moiety, a bond, or the like with X preferably
via a carbony! as part of an amide or an ester linkage; or more preferably via a carbonyl as
part of an amide linkage with X;

X is a 1-10 amino acid residue or peptide sequence, wherein each aming acid
residue 1s independently selected from lysine (K), arginine (R), glvcine (G), alaning {A),
elutamic acid (F), and aspartic acid (D); or

¥ 15 a linker (yE} (B,

wherein B 15 a 1-8 amuno acid residue or peptide sequence wherein
each amino acid residue is independently selected from 2-{2-(2-aminoethoxy)ethoxy jacetic
acid residue, Gly, Ala, Leu, Ser, Arg, and Lvs;
mis0, 1,2, 0r3;
nis 0, 1,2, or 3; and
thesumof mandnis atleast 1,
and Formula (1) 15
(polymer~(Y)-:
(i)

wherein a is 0 or 1 (preferably ais 1)

polymer is cellulose, poly{ethvlene glycol) (PEG), methoxy polyv{ethylene glvcol)
{(MPEG), poly(lactic-co-glveolic acid), poly(N-vinyl pyrrolidone), or a denvative thereof;

Yas
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a 1-10 amino acid residue or peptide sequence, wherein each amino acid residue is
independently selected from lysine (K}, arginine (R), glycine (G}, alanine (A}, glutamic
acid {E}, and aspartic acid (),

a non-amino acid linker comprising an ester, an amide, a thioether, an ether, a
thioether, a carbamate moiety, or a combination thereof,

an amino acid residue-containing linker, wherein the amino acid residue is
covalently attached {o (polvmerk, or

a peptide linker different from the 1-10 amino acid residue or peptide sequence.

In some embodiments, in the above Formula (I, Y 13 a linker (YE)~(B),, wherem
Bisa 1-8 amino acid residue or peplide sequence wherein each amino acid is independently
selected from 2-[2-(2-aminoethoxyethoxy]acetic acid, Gly, Ala, Leu, Ser, Arg, and Lys;
mis 0, 1,2, or 3;nis 0, 1, 2, or 3. and the sum of m and n is at least 1.

In the present disclosure, lower case "x” refers to a natural or urmatural amino acid
residue in the peptide sequence where it appears. Upper case X refers 1o a linker in Formula
(1) and {(I}. In some embodimentis, x is not a methionine residue (M), is not an asparagine
residue (N}, or is neither a methionine (M) nor an asparagine residue {N). In some
embodiments, x is not any one of the 20 natural amino acid residues encoded by the
mammalian genome, such as aminoacids A, O, D EF G H LK LM NP QR ST,
YV, W, and Y. Insome embodimenis, X 15 an unnatural amino acid residue (e, an anino
acid residue not encoded by the mammalian genome). In some embodiments, x is
homoglutamine {aiso referred to herein as homo@3).

In some embodiments, the long acting CNP denvative or very long acting CNFP
derivative includes U-GLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO. 2}, where U is
attached to the N-termmnal G of GLSKGCFGLEKLDRIGSMSGLGC, and U 1s (aliphatic),-
{X}-: wherein ais 1; aliphatic is an optionally substituted 404 chain {e.g.. an optionally
substituted Cyg_p4 chain, an optionally substituted Cyg_yg chain, or an optionally substituied
C17.1¢ chain), covalently bound to X via a chenucal linkage, such as a carbonyi {e.g.. as
part of an anmude or an ester linkage), a thioether, an ether, a thioether, a carbamate moety,
a bond, or the like with X preferably via a carbonyl as part of an amide or an ester linkage;
or more preferably via a carbonyl as part of an anide hokage with X; X is a 1-10 amino

acid residue or peptide sequence, wherein each amino acid residue is independently
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sefected from lyvsine (K}, arginine (R), glvcine (), alanine (A), glutamic acid (B), and
aspartic acid (D).

In some embodiments, the long acting CINP derivative or very long acting UNP
derivative includes U-CFGLKLDRIGSxSGLGC [SEQ ID NO. 121 where x 15 a natural or
unnatural amino acid residue and U has formula (aliphatic),~(X)- (Formula I); wherein 0
or } {preferably ais 1); alipbaticis an optionally substitited Cy4 54 chain{e.g., an optionally
substituted Cyg_p4 chain, an optionally substituted C .15 chain, or an optionally substituted
Cy2.15 chain) covalently bound to X via a chemical linkage, such as a carbonyl {e.g., as
part of an amide or an ester linkage)}, a thicether, an ether, a thioether, a carbamate motety,
a bond, or the hike with X; preferably via a carbonyl as part of an amide or an ester linkage;
or more preferably via a carbonyl as part of an amide linkage with X and X 1s a linker
(vyE)u-(B)s, wherein B is a 1-8 amino acid residue or peptide sequence wherein each amino
acid residue is independently selected from 2-[2-(Z-aminoethoxy)ethoxv]acetic acid
residue, Gly, Ala, Leu, Ser, Arg, and Lys;mis €, 1, 2. or3:nis 0, 1, 2, or 3; and the sum
of mand n is at least 1.

In some embodiments, the long acting CNP derivative or very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC [SEQ 1D NO. 30] where x is a natural or
unnatwal amino acid residue, and provided that x 1s not M {methionine}; U has formula
{aliphatic},~(X}- (Formula Iy wherein 0 or I {preferably ais 1); aliphatic is an optionally
substituted €454 chain {e.g., an optionally substitwted Cyg.ny chamn, an optionally
substituted Cyg.1¢ chain, or an optionally substituted Cy, ¢ chain} covalently bound to X
via a chemical linkage, such as a carbonyl {e.g., as part of an amide or an ester linkage), a
thicether, an ether, a thioether, a carbamate moiety, a bond. or the like with X; preferably
via a carbonyl as part of an amide or an ester linkage; or more preferably via a carbonyl! as
part of an amude linkage with X; and X is a linker (YE)m~(B}, wherein B 15 a 1-8 anmino
acid residue or peptide sequence wherein each amino acid residue is independently selected
from 2-[2-(2-amincethoxy Jethoxylacetic acid residue, Gly, Ala, Ley, Ser, Arg, and Lys; m
10,1, 2, 0r3:n1s 0, 1, 2, or 3; and the sum of mand n 1s at least 1.

In some embodiments, the long acting CNP derivative or very long acting CNP
derivative c¢an include U-GLSKGCFGLEKLDRIGSMSGLGC [SEQ ID NO. 2} U-
GLSKGCFGLK{ULDRIGSMSGLGC {SEQ D NG, 3%
GLSKGUFGLK({ULDRIGSMSGLGC {SEQ ID NO. 4]; U-CFGLKLDRIGSxSGLGC,

-51-
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where x 1s a nafural or unnatural amino acid residue [SEQ ID NO. 121, or any combination
thereof;

wherein;

U 1s a motety of Formula (I3, where Formula (I3 is
{aliphatie},~(X)~;
(I
wherein

ais O or 1 {preferably ais 1)

altphatic s an optionally substituted Ci .94 chain {e.g, an optionally
substituted C;_;5 chain), covalently bound to X via a chenucal linkage, such as a carbonyl
{e.g.. as part of an amide or an ester linkage), a thicether, an ether, a thicether, a carbamate
moiety, a bond, or the like with X; preferably via a carbonyl as part of an amide or an ester
finkage; or more preferably via a carbonyl as part of an amade livkage with X;

X is a 1-10 amino acid residue or peptide sequence, wherein each
aming actd residue 15 independently selected from lysine (K}, arginine (R), glycine {G),
alamne (A), glutamic acid (E), and aspartic acid (D); or

X 15 a linker (YE}u-{B)n,

wherein B is a 1-8 amino acid residue or peptide sequence wherein
each amino acid residue 1s independently selected from 2-[2-(2~aminoethoxy yethoxy jacetic
acid residue, Gly, Ala, Leu, Ser, Arg, and Lys;

mis 0, 1,2 or3;

nis ¢, 1,2, or 3; and

the sum of m and n s at least 1.

In some embodiments, x in U-CFGLKLDRIGSxSGLGC [SEQ D NO. 12} isnota
methionne residue, 15 not an asparagine residue, or s uneither a wethionine nor ao
asparagine residue. In some embodiments, X is not any one of the 20 natural amino acid
residues encoded by the mammalian genetic code, such as amino acids A, T, D, E, F, G,
HLELMMNEQRS TV, W andY. Insome embodiments, x 15 an unnatural
amino acid residue {ie., an amino acid residue not encoded by the mammalian genetic

code). In some embodiments, X is homoghttamine {also referred to herein as homoQ).
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In some embodiments, X is a 4-7 amino acid residue or peptide sequence, wherein
each amino acid residue is independently selected from lysine (K}, arginine (R), and
alycine (G

In some embodiments, the long acting CNP denvative or the very long acting CNP
derivative includes U-GLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO. 2,

wherein:

U is {aliphatic),~(X}-:

wherein

ais i,

aliphatic is an optionally substituted €454 chain {e.g., an optionally substituted
Cio-04 chain, an optionally substituted Cyy_y5 chamn), covalently bound to X via a chemical
linkage, such as a carbonvl {e.g., as part of an amide or an ester linkage), a thioether, an
ether, a thioether, a carbamate motety, a bond, or the like with X preferably via a carbonyi
as part of an amide or an ester linkage: or more preferably via a carbony! as part of an
amide linkage with X

X is a 1-10 amino acid residue or peptide sequence, wherein each amino acid
restdue is independently selected from lysine (K), arginme (R), glycine (G), alanine (A).
clutamic acid (E), and aspartic acid (D).

In some embodiments, the long acting CNP derivative or the very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC [SEQ ID NO. 13], x is homoglutamine;
U is (aliphatic}g-tX)-, wherein a 1s 0 or 1 (preferably a is 1), aliphbatic i3 a branched or
straight optionally substituted Cig chain covalently bound to X via a carbonyvl {e.g,
CH;(CHy31,CE=0)) or an optionally substituted Cyg chain covalently bound to X via a
chemical linkage, such a thioether, an ether, a thioether, a carbamate motety, a bond, or the
iike with X preferably aliphatic is a branched or straight optionally substituted (g chain
covalently bound to X via a carbonyl (e.g., CH1(CHy), C(=0)) as part of an ammde or ester
finkage with X; or more preferably aliphatic i3 a branched or straight optionally substituted
Cyg chain covalently bound to X via a carbonyl {e.g., CH3{CH,)15sC(=0)) as part of an
amide hnkage with X, or aliphatic is HOCEONCHL 1 CEO)Y); Xis a linker (vE (B sl
BisGlyvmisO Lor2, andnis b

In some embodiments, the long acting CNP derivative or the very long acting CNP

derivative includes U-CFGLKLDRIGSxSGLGC [SEQ ID NO. 14], x is homoglutamine;

=53.
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U is {aliphatic);~(X)-, wherein a is 0 or 1 {preferably a is 1}, ahphatic is a branched or
straight optionally substituwted Cyg chain covalently bound to X via a carbonyl (eg.,
CH3{(CH,) s C(=0)) or av optionally substituted Cyg chain covalently bound to X via a
chemical linkage, such a thioether, an ether, a thicether, a carbamate moiety, a bond, or the
like with X preferably aliphatic is a branched or straight optionally substituted Cjg chain
covalently bound to X via a carbonyl (e.g., CH3(CH) 4C(=0)}) as part of an amide or ester
linkage with X or more preferably aliphatic is a branched or straight optionally substituted
Cqg chain covalently bound to X via a carbonvi {e.g., CH3(CH3)6C(=0}) as past of an
amde linkage with X, or aliphatic 13 BOC(=0)}CH, ), C(=00; X is a linker (YEm~(Bn;
BisGly, mis L andnis 1.

In some embodiments, the long acting CNP denvative or the very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC{SEQ ID NO. 151, x is homoglutamine; U
is (aliphatic},~(X)-, wherein ais 0 or 1 (preferably ais 1), aliphatic is a branched or straight
optionally saobstituted Cyg chain covalently bound to X via a carbonyl (eg.
CH3(CH,) (s C(=0)) or an optionally substituted C;g chain covalently bound to X via a
chemical linkage, such a thioether, an ether, a thiosther, a carbamate moiety, a bond, or the
itke with X preferably aliphatic is a branched or straight optionally substituted C g chain
covalently bound to X via a carbonyl {e.g., CH3(CH»)C(=0)) as part of av amide or ester
fiokage with X or more preferably aliphatic 1s a branched or straight optionally substituted
(g chain covalently bound (o X via a carbonyl {e.g, CH{CH)4C(=0)} as part of an
amde Iinkage with X, or aliphatic is HOC{EOWCH ), ,0(=0)); X is alinker (YE (B 1w
s 1 andnis O

In some embodiments, the long acting CNP denvative or the very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC, where x 15 a natural or unnatural amino
acid residue [SEQ 1D NO. 12}, wherein U is (aliphatic),-(X)-; ais 0 or 1 {preferably a is
1); aliphatic is an optionally substituted C4.74 chain {e. g, an optionally substituted Cyq.
24 chain, an optionally substituted Cyp_1g chain), covalently bound 1o X via a chemical
finkage, such as a carbonyl (e.g., as part of an amide or an esier hinkage), a thioether, an
ether, a thioether, a carbamate moiety, a bond, or the like with X; preferably via a carbonyl
as part of an amide or an ester linkage; or more preferably via a carbonyl as past of an
amide linkage with X, or aliphatic is HOC(=OWCH, ), C=O X s a linker (yE)wn-(B)s,

wherein B is a 1-8 amino acid residue or peptide sequence wherein each amino acid residue

54



WO 2021/252910 PCT/US2021/037031

o4

10

15

20

[\
[

30

is independently selected from 2-{2-(2-aminoethoxy yethoxyjacetic acid residue, Gly, Alg,
Lew Ser, Arg,and Lys; mis 0, 1, 2, 0r 3; nis O, 1, 2, or 3; and the sum of m and n is at
feast 1. In some embodiments, X in U-CFGLKLDRIGSXSGLGC [SEQ ID NO. 12] is not
a methionine residue, i3 not an asparagine residue, or i3 neither a mwethioning nor an
asparagie residue. In some embodiments, X is not any one of the 20 natural amino acid
restdues encoded by the mammalian genetic code, such as amino acids A, C, B, E, F, G,
HLKLMNPGQGRS TV, W adY. Insome embodiments, X 18 an unnatural
amino acid residue (fe.. an amino acid residue not encoded by the mammalian genetic
code}. In some embodiments, x is homoglutamine (also referred to herein as homof}).

In some embodiments, the long acting CNP denvative or the very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC, where x is homoglutamine (homo(})
ISEQ ID NO. 16], U is {aliphatic)y-(X}-; wherein ais { or 1 {preferably ais 1); aliphatic is
a branched or straight optionally substituted C g4 chain covalently bound to X via a carbonyl
{e.g., CH3{CH,3,,C(=0)) or an optiovally subsiituted C g chain covalently bound to X via
a chemical linkage, such a thioether, an ether, a thicether, a carbamate moiety, a bond, or
the like with X; preferably aliphatic is a branched or straight optionally substituted Cyg
chain covalently bound to X via a carbonyl {e.g., CH3{(TCH» ) C(=0) as part of an amude
or ester linkage with X, or more preferably aliphatic is a branched or straight optionally
substituted Cig chain covalently bound to X via a carbonyl (e.g., TH3(CH;)6C(=0)) as
part of an amide linkage with X, or aliphatic is HOCE=OXCH,3,,CE0)); X is a linker
(vEde-(Bjn, B 15 2-[2-(Z-aminoethoxy Jethoxy jacetic acid residue, mis 0, and nis 2.

In some embodiments, the long acting CNP denvative or the very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC, where x is homoglutamine (homo(})
[SEQ ID NO. 17, U s {aliphatic)-(X)-; wherein a s 0 or 1 (preferably ais 1); aliphatic is
a branched or straight optionaily substituted Cyg chain covalently bound to X via a carbonyi
{e.g., CH3{CH,3,,C(=0)) or an optiovally subsiituted C g chain covalently bound to X via
a chemical hinkage, such a thioether, an ether, a thicether, a carbamate motety, a bond, or
the like with X; preferably aliphatic is a branched or straight optionally substituted Cyq
chain covalently bound to X via a carbonyl {e.g., CHy{(TCH» ) C(=0}) as part of an anmude
or ester linkage with X, or more preferably aliphatic is a branched or straight optionally
substituted Cyg chain covalently bound to X via a carbonyl (e.g., CHs{(CH;)14C(=0)) as
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part of an anude linkage with X, or aliphatic 1s HOC(=0)CH,),C(=0); X is a hinker
{(vE}u-(Bn, B is 2-[2-(2-aminoethoxy yethoxylacetic acid residue, mis |, and nis 2.

In some embodiments, the long acting UNP derivative or the very long acting UNP
derivative includes U-CFGLELDRIGSKSGLGC, where x 18 homoghitamine (homoQ)
ISEQ ID NO. 18], Uis (aliphatic),~(¥X)-, wherein a is 0 or | (preferably a is 1); aliphatic is
a branched or straight optionally substituted C g chain covalently bound to X via a carbonyl
{e.g.. CH3{CH;};,C(=0)) or an optionally substituted C;g chain covalently bound to X via
a chemical linkage, such a thicether, an ether, a thicether, a carbamate moiety, a bond, or
the like with X; preferably aliphatic 15 a branched or straight optionally substituted Cyg
chain covalently bound to X via a carbonyl {e.g, CHR{CH;,)}1,C(=0)} as part of an amide
or ester linkage with X or more preferably aliphatic is a branched or straight optionally
substituted Cyg chain covalently bound to X via g carbonyl (e g., CH5(CH,},,C(=0)) as
part of an anude linkage with X, or aliphatic 1s HOC(=0)}(H,},C(=0); X is a hinker
(YEdm (B, B is {2-[2-(2-aminoethoxy Yethoxy jacetic acid)-(2-[2-(2-
aminoethoxy jethoxviacetic acid)<{(Gly), mis ¢, andnis 1.

In some embodiments, the long acting ONP dentvative or the very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC, where x is homoglutamine (homo(})
[SEQ D NO. 19], Uis (sliphatic),-(X)-; wherein ais 0 or | {preferably a is 1); aliphatic is
a branched or straight optionally substituted Cyg chain covalently bound to X via a carbonyi
{e.g., CH3{CH,3,,C(=0)) or an optiovally subsiituted C g chain covalenily bound to X via
a chemical linkage, such a thioether, an ether, a thicether, a carbamate moiety, a bond, or
the like with X; preferably aliphatic is a branched or straight optionally substituted Cyq
chain covalently bound to X via a carbonyl {e.g., CH3{TCH» ) C(=0) as part of an anmude
or ester linkage with X; or more preferably aliphatic is a branched or straight optionally
substituted Cyg chain covalently bound to X via a carbonyl (e g., CHs{(CH;)14C(=0)) as
part of an amide linkage with X, or aliphatic is HOC(=0MCH,3,,CE0)); X is a linker
(E)a~ (B, B is {2-[2-(Z-aminoethoxy Jethoxy facetic acid}-«(2-[2-(2-
aminosthoxyethoxylacetic acid)«(Gly), mis |, andnis 1.

In some embodiments, the long acting CNP denvative or the very long acting CNP
derivative U-CFGLKLDRIGSSGLGC 15 HOCEONCH)sCE=0)vE-Acea-Acea-
GCFGLELDRIGShormoQSGLGC with a disulfide bond between the cysieine residues

(homof}: homoGlutamine, Aeea: 2-[2-(2-amincethoxy)ethoxyiacetic acid residue;

=56
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HOC(EOXCH,1C{=0): octadecadioic acid reacted with vE so that a carbonyl (C{(=0}))
remaing from one of the original octadecadioic acid carboxylic acid ternunus; vE: glutamic
acid conjugated through gamma-carboxy group |SEQ ID NG, 20].

In some embodiments, the long acting CNP dertvative or the very long acting CNP
derivative  U-CFGLELDRIGSSGLGC 15 HOCEOHCH),C(=0)-Acca-Aeca-
GCFGLELDPRIGShomoQSGLGC with a disulfide bond between the cysteine residues
thomoQ:  homoGlutamine, Aeea:  2-[2-(2-aminoethoxy jethoxylacetic  acid residue;
HOCEOXCH, 116(CO): octadecadioic acid reacted with the amino terminus of Aeea so
that a carbonyl (C(=01}} remains from the original octadecadioic acid carboxvlic acid
terminus; [SEQ ID NO. 211

In some embodiments, in any of the definitions herein, aliphatic does not include
one or more of g straight or branched optionally substituted Cgy chain (e.g., an optionally

substituted C3_g chain-C(=0}- moiety, and/or an optionally substituted Cy ¢ chain that is
covalently bound to the peptide via a linkage such as a thioether, an ether, a thioether, a
carbamate moietly, a bond, or the like}. In certain embodiments, aliphatic is not a straight
or branched Cg chain (e.g., a straight or branched Cg chain covalently bound to the peptide
via a linkage such as a carbonyl, thioether, an ether, a thioether, a carbamate moety, a
bond, or the like}.

In some embodiments, ] as described above includes
CHR(CHy) 4 CCOMKKKKGGG- [SEQ ID NO. 22] CH(CHy) a0 (=0KKKRGGG-
[SEQ 1D NO 23], CH;(CHpgCEORKKKGGG- [SEQ  ID NO. 245
CH(CH oCEOIKERKKGGG- [SEQ ID NO. 25]; or CHR{CH 3, CEOKKEKKGGG
ISEQ ID NQ. 26},

In some embodiments, the long acting UNP denvatives of the present disclosure
includes CH3{CHy) 1, CEOIKKKKGGOGLSKGCFGLKLDRIGSMSGLGE  [SEQ ID
NO. 5] CH3(CH) s C=0KKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO.
61. CHA(CHy ) g C=0KKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO. 7]
CH(CH 1oCEOIKKRKGGGGLSKGCFGLKLDRIGSMSGLGC  1SEQ 1D NO. g,
CH3{(CH ) CEOIREKKGGGGLSKGCRFGLELDRIGSMSGLGC  [SEQ 1D NO. 9
HOCEOHCH 11,C(=0vE-Acea-Aeca-GUFGLKLDRIGShomoQSGLGC mcluding a

disulfide bond  between the cysteme residues [SEQ 1D NO. 20}, and/or
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HOCECHCH,1,C{=0)-Acea-Aeea-GCFGLKLDRIGShomoQSGLGC  mncluding  a
disutfide bond between the cysteine residues [SEQ 1D NO. 21}

In certain embodiment, the long acting UNP derivatives of the present discloswe
includes  CH3{CH);CECIKKKKGGGGLSKGCFGLKLDRIGEMSGLGC  [SEQ 1
NG, 6]

In some embodiments, the long acting CNP derivative or the very long acting CNP
derivative includes U-GLSKGCFGLELDRIGSMSGLGC [SEQ ID NG, 2), U-
GLSKGCFGLK(ULDRIGSMSGLGC [SEQ D NO. 3],
GLSKGUFGLK(UILDRIGSMSGLGC [SEG ID NG. 4], U-CFGLKLDRIGSxSGLGC,
where x is a natural or unnatural aming acid residue {SEQ ID NG, 271, or any combination
thereof

wherein U is a moiety of Fornuua {II}, where Fornuda (1) is

(polymer),-(Y )
iy

wherein ais 0 or 1 {preferablyv ais 1)

polymer is cellulose, poly(ethylene glycol) (PEG), methoxy polv{ethyiene glveol}
{MPEQG), poly(lactic-co-glveolic acid), or polviN-vinyl pyrrolidone);

Y is:

a 4-10 amno acid residue or peptide sequence, wherein each amino acid residue s
independently selected from lysine (K}, arginine (R}, and glvcine (G);

a non-amino acid linker comprising an ester, an amide, a thioether, an ether, a
thioether, a carbamate moiety, or a combination thereof, or

a linker (vE)y-(B),, wherein B 13 -8 amino acid residue or peptide sequence
wherein each amino acid residue is  independently selected from  2-f2-(2-
aminoethoxy Jethoxylacetic acid residue, Gly, Alg, Leu, Ser, Arg, and Lys;mis 0, 1, 2, or
3:nis 0, 1, 2, or 3; and the sum of m and n is at least 1.

In some embodiments, the long acting CNP denvative or the very long acting CNP
derivative mcludes U-GLSKGCFGLKLDRIGSMSGLGC [SEQ D NG 2], U-
GLSKGCFGLEK{U)LDRIGSMSGLGC [SEQ ID NO. 3], or any combination thereof’

wherein U is a moiety of Formuda (81}, where Formuda (1) is

(polymer),~(Y )}~
iy
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wherein ais 0 or 1 {preferably ais 1};

polymer is cellulose, poly(ethylene glycol) (PEG), methoxy poly{ethylene glvcol}
(MPEG), polv(lactic-co-glycolic acid}, poly{N-viny! pyrrolidone), or a derntvative thereof,

Y is:

a 1-10 amino acid residue or peptide sequence, wherein each amino acid residue is
independently selected from lvsine (K}, arginine (R}, glveine (G), alanine {A), glutamic
acid (B), and aspartic acid (B);

a non-amino acid linker comprising an ester, an anude, a thioether, an ether, a
thioether, a carbamate moiaty, or a combination thereof]

an amuno acid residue-containing linker, wherein the amino acid residue is
covalently attached to {polymeria;

In some embodiments, Y in Formula (1) above is a linker -(yE},~(B),,. wherein B
is -8 amino acid residue or peptide sequence wherein each amino acid residue is
independently selected from 2-[2-(2-aminoethoxy)ethoxylacetic acid residue, Gly, Ala,
Leu, Ser, Arg,and Lys; mis 6, 1,2, 0r 3, nis 0, 1, 2, or 3; and the sum of m and n 1g at
feast 1.

In some embodiments, the polymer does not include poly{ethylene glvcol}, MPEG,
or both polv{ethviene glycol) and MPEG.

In some embodiments, Y 1s a 4-10 amino acid residue or peptide sequence, wherein
each amino acid residue is independently selected from lysine (K}, arginine (R}, and
glycine (G); or a linker (yE)},~(B),, wherein B 15 1-8 amino acid residue or peptide
sequence wherein each amino acid residue is independently selected from 2-[2-(2-
aminoethoxy ethoxyjacetic acid residue, Gly, Ala, Leu, Ser, Arg and Lyvs; mis 0, 1, 2, or
3:n1s 0,1, 2, or 3; and the sum of m and 15 at least 1.

In some embodiments, Y is a 4-10 amino acid residue sequence. wherein each
amino acid residue is independently selected from bysine (K), arginine (R}, and glyeine {G}.

In some embodiments, Y is a linker (yE},-(B),,, wherein B is 1-8 amuno acid residue
or peptide sequence wherein each anuno acid residue is independently selected from 2-[2-
{2~aminoethoxy Jethoxy Jacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1, 2,

or 3;nis 0, 1, 2, or 3; and the sum of m and nis at least 1.

-50.
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In some embodiments, the UNP or dertvatives thereof of the present disclosure does
not include CNP that is modified with polyalkviene glveol at the Iysine residues at positions
4 and 10 of SEQ ID NG, 10 and/or at the N-terminus of the ONP of SEQ ID NQO. 10,

In some embodiments, the formulations including long acting ONP derivatives of
the present disclosure includes one or more CNP or derivatives thereof formulated with a
polymer excipient including a poly{aming acid) grafted with polyethylene glveol, fatty
acid, and/or anionic moleties. The polvmer 15 adapted to sequester or non~covalenily bind
to the CNP derivative(s).

In some embodiments, the formudations including very long acting CINP derivatives
of the present disclosure includes one or more long acting CNP derivatives formulated with
a polymer excipient including a polv{amino acid) grafted with polyethylene glvcol, fatty
acid, and/or anionic moieties. The polvmer is adapted to sequester or non-covalently bind
to the CNP derivative(s),

In some embodiments, the formulations including long acting NPRB agonist{s) of
the present disclosure includes one or more UNP or derivatives thereof formulated with a
polymer excipient including a poly{amine acid} grafted with polyvethylene glycol, fatty
acid, and/or antonic moieties. The polymer is adapted to sequester or non-covalently bind
to the NPRB agonist(s).

In some embodiments, the formulations including very long acting NPRB agorust
of the present disclosure includes one or more long acting CNP derivatives formulated with
a polvmer excipient including a poly{amino acid) grafted with polyethviene glveol, fatly
acid, and/or amonic moieties. The polymer 1s adapted fo sequester or non-covalenily bind
to the NPRB agorust(s).

The polv{amino acid) that is grafted with polyethylene glyeol, fatty acid, and/or
anionic moteties can include a poly(amano acid) which may have B- or L-chirality or both
and is a straight chain homopolymer. In one specific embodiment, straight chain
homopolvmers  include  polylysine, polvornithine, polvarginine, polvglutamate,
polyaspartate, polvserine, polytyrosine, or any other anude linked homopolymer made
from amino acids. In another preferred embodiment, straight chain hydrophobic
homopolymers  comprise  polvalamine, polyvaline, polyleucine, polyisoleucine,
polyglveine, or polyphenylalanine. In sorve erobodiroents, the poly(amuno aad) s

polylysine.

~60-
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Methods of making the active pharmaceutical ingredienis

The peptides of the present disclosure, such as the long acting CNP, long acting
CNP denivative, and long acting NPRB agonist can be synthesized by solid phase peptide
synthesis (SPPS) using methods known to a person of ordinary skill in the art. For example,
a starting solid support, such as H-Cys{Trt)-2-Cl-Trt Resin (BLDPharm, Shanghai, China)
could be used in a peptide synthesizer, such as an automated microwave peptide synthesizer
{e.g., LibertyBlue HT12, CEM, Matthews, NC}. Each amino acid, fatly acid, or protected
alkyl carboxylic (dijacid can be anchored sequentially onto the peptide resin
using Fmoc chemistry, known o those of ordinary skill in the art, resulling in a
finear protected peptide linked {o the resin. Linear crude peptide can be deprotected and
released from the resin by acidolysis with trifluorcacetic acid i the presence of carbocation
scavengers and ether precipitation. The resulting linear peptide can be cyclized, for
example, by dissolving in DMSO and acefonitrile agueous solution and reacted to forrg
disulfide bond. Finally, the peptide can be pusnified and characterized by reversed phase
HPLC {e.g., 1260 Infinity H Preparative LC Systems, Santa Clara, CA). Fractions with
>90% purity of the final peptide product can be collected and dried as white powder.

In some embodiments. the formulations including the active pharmaceutical
ingredient(s) ("APIs") of the present disclosure has a weight ratio of a polymer excipient
relative to APls such that the resulting mixture 15 a long acting, or very long acting. For
example, the weight ratio of the polymer excipient to total API can be from 5:1 to 1001,
10:1 10 SO:1 or 20:1 to 5:1. The polymer excipient can include a poly(aming acid) grafted
with polyethylene glveol, fatty acid, and/or anionic moieties. The polymer excipient is
adapted to sequester or non-covalently bind to the APIs. Examples of polymer excipients
are described, for example, in Castillo ef g/, Pharm. Res., (2012} 29{1); p 306-18; Castilio
et al., PLoS Oune, (2017 12(2); eG171703; US patent nos. 10,507,248, 10,035,885, and
10,010,613, each of which is herein incorporated by reference in its entirety. The polymer
excipient can be, but 15 not limited to polvlysine grafted with PEG at the epsilon aming (o
alevel between 10-53% (e.g., 10-35%, or 30-35%) of total epsilon aminoe and the remainder
amino groups grafted with alkyvl group and/or anionic moieties such as sulfate, sulfonate,
carboxyl, phosphate, or phosphonate. Methods of making polymer excipients are known

in the art.

61~



WO 2021/252910 PCT/US2021/037031

o4

10

15

20

[
e

30

Briefly, in some embodiments, the polvmer excipient is a polymer made by the
following procedure. Poly-L-lysine (20PL), hydrobromide (21 umol or 1 g Sigma,
Average Mw=26 kiDa; d.p.126) was dissolved and the amount of NH,-groups determained
by TNBS titration. Methoxy polyethylene glveol carboxymethvl (MPEG-CM; 10 g3 Mw=S
kDa; 2 mmol; Laysan Bio) was coupled to the polyvlysine using NHSS and EDC {o provide
the polymer excipient intermediate. The percent amino groups remaining was determined
by TNBS. The hydrodynamic diameter was determined by size exchusion chromatography.
The crude product can be lyophilized. Stearvl-NHS (C18-NHS) was prepared by activating
stearic acid with NHS. DCC coupling of stearyl-NHS to the polvmer excipient
intermediate can be conducied. Excess reagents and side products can be removed standard
techniques. Additional CI18-NHS (3.6 mmol) was added and allowed to react with the
polymer intermediate overnight. The reaction mixture was concentrated by rotary
evaporation under vacuwn 1o remove volatile components until an oil is 1solated. The ol
can be dissolved in alcohol and water. The solution can be filtered, washed repeatedly to
provide a retentate containing the polymer excipient (polylysine with €18 hydrophobic
side chains and MPEG hvdrophilic side chains) was collected, 0.2 um filtered {polysulfone
filter, Nalgene, Rochester, NY) and lvophilized, to provide the dry polymer excipient.

While a polvmer excipient having Cyq hyvdrophobic side chaius is described above,
it is understood that other hydrophobic side chain lengths {(e.g.. Cip.4, Ci200, C1z-18 Cis-
18 Cige1s oF Cygd and hydrophilic side chans (e.g., PEG, mPEQG) can be adapted to ynake
polymer excipients having other hydrophobic side chains and hydrophilic side chains.

The poly{amino acid) that 1s grafied with polvethylene glycol, faity acd, and/or
anionic moieties can include a poly{amino acid) which may have D- or L-chirality or both
and is a straight chain homopolymer. In one specific embodiment, straight chain
homopolymers  include  polylvsine, polyornithune, polyvargiine, polyglutamate,
polyaspartate, polyserine, polytyrosine, or any other amide linked homopolymer made
from amino acids. In ancther preferred embodiment, straight chain hydrophobic
homopolvmers  comprise  polvalanine, polyvaline, polvleucine, polyisoleucine,
polyglycine, or polyphenvlalanine. In some embodiments, the polv{amino acid) is
polviysine.

Examples of hydrophilic side chains include polv(ethyviene glyeol), which may be

esterified by dicarboxylic acid to formy a polv{ethvlene glycoly monoester. methoxy
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poly{ethylene glveol} monoester (MPEG) or a co-polymer of poly(ethvlene glveol) and
poly{propylene glycol} monoester in a form of an ester with a dicarboxylic acid giving the
terminal of this co-polvmers a carboxyl group that can be used to covalenily link it to a
polvfamino acid).  Other forms include poly{ethylene glyvcol}-carboxyl, methoxy
poly{ethvlene  glyvcol)-carboxyl, polviethyviene glvcol)-carboxymethyl, methoxy
polyv(ethylene glyvcol)-carboxymethyl, polv(ethylene glveol}) monocamine; methoxy
polv(ethylene glveol} monoamine;, poly(ethylene glveol) hydrazide; methoxy
poly{ethylene glycol) hydrazide; methoxy poly{ethylene glycol) imidazolide block-co-
polymer of poly {ethylene glveol} and one or several polymers represented by
polvaminoacid, polysaccharide, polvamidoamine, polvethvlenetmine where these blocks
are alternated to give a linear block-co-polymer. In one embodiment, the overall molecular
weight of a protective chain may be larger than 300 Daltons but not exceeding 10,000
Daltons. In one ernbodimoent, one or more protective chains are linked 1o the poly{amino
acid) backbone by a single linkage.

Without wishing to be bound by theory, it is believed that the higher the weighi
ratio of polvimer excipient o APIs, the more sustained the presence in the plasma and the
more sustained the plasma cyclic-GMP elevation over the baseline, when the API
composition is administered 1o a subject.

In some embodirents, the formulations including the long acting CNP, long acting
CNP derivative, and/or the long acting NPRB agonist of the present disclosure has a weight
ratio of a polymer excipient relative to CNP, CNP derivative, and/or NPRB agonist such
that the resulting mixture is a long acting CNP, long acting CNP derivative, and/or long
acting NPRB agonist. For example, the weight ratio of the polymer excipient to CNP, CNP
derivative, and/or the NPRB agonist can be from 5:1 to 100:1, 10:1 10 50:1 or 20:1 10 5: 1.
The polyroer exciptent can include a polv{anuno acud)y grafted with polvethylene glveol,
fatty acid, and/or anionic moieties. See, e.g, Castillo er ¢/, Pharm. Res, (2012) 29¢(1) p
306-18; Castillo er of, PL0OS One, (2017) 12(2); e0171703; US patent nos. 10,507,248;
10,035,883; 10,010,613, each of which 1s herein incorporated by reference in iis entirety.
The polymer excipient is adapted to sequester or non-covalenily bind to the CNP, CNP
derivative, and/or the NPRB agonist. The polvmer excipient can be, but is not limited to
polyivsine grafted with PEG at the epsilon aroino 1o a level between 30-55% or 10-35% of

total epsilon aminoe and the remainder amine groups gratted with alkyt group and/or antonic
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moieties such as sulfate, sulfonate, carboxyl, phosphate, or phosphonate. Methods of
making polvmer excipients are known in the art. Without wishing to be bound by theory,
it is believed that the higher the weight ratic of polvmer excipient to CNP, CNP derivative,
and/or the NPRB agomist, the more susiained the NP, CNP derivative, or NPRB agonist
presence in the plasma and the more sustained the plasma cyclic-GMP elevation over the
baseline, when the NP, CNP derivative, and/or NPRB agonist composition is
administered (o a subject.

in some embodiments, the very long acting UNP, very long acting CNP derivative,
and/or very long acting NPRB agonist formutlations include CNP, ONP dernivative, and/or
NPRB agonist and a polymer exciptent at a weight ratio of polymer excipient relative to
{NP. CNP denvative, and/or NPRB agonist such that the resulting mixture is a very long
acting UNP, a very long acting CNP dernivative, and/or a very long acting NPRB agonist.
For exarnple, the weight ratio of the polymer excipient to CNP, CNP denvative, and/or
NPRB agonist can be from 5.1 10 100:1, 10:1 to 50:1 or 20:1 1o 5:1. The polymer excipient
can include a polv{amino acid) grafied with polyethylene glycol, fatty acid, and/or anionic
moieties. See, e.g., Castillo ef af, Pharm. Res., {2012) 2901 )% p 306-18; Castillo ef &/,
PLoS One, (2017) 12(2); 0171703; US patent nos. 10,507,248; 10,035,885; 10,010,613
each of which is herein incorporated by reference in its entirety. The polymer excipient is
adapted to sequester or non~covalently bind to the CNP, CNF derivative, and/or NPRB
agornist. The polymer excipient can be, but is not limited to polvlysine grafted with PEG
at the epsilon amino to a level between 30-55% or 10-35% of total epsilon amino and the
remainder amino groups grafted with alkyl group and/or amonic moteties such as sulfate,
sulfonate, carboxyl, phosphate, or phosphonate. Methods of making polymer excipients
are known in the art. Without wishing to be bound by theory, it is believed that the higher
the weight ratio of polymer excipient to CNP, CNP derivative, and/or NPRB agoust, the
more sustained the CNP, CNP denivative, and/or NPRB agonist presence in the plasma and
the more sustained the plasma ¢yclic-GMP elevation over the baseline, when the CNP,
CNP derivative, and/or NPRB agonist composition i1s admimstered to a subject.

In some embodiments, any of the methods of the present disclosure includes
treating ALL In certain embodiment, any of the methods of the present disclosure include

treating ARDS. In some embodiments, the methods of the present disclosure include
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ireating pulmonary edema. Tn some embodiments, the methods of the present disclosure
include treating low arterial blood oxvgenation. In certain embodiments, the methods of
the present disclosure include treating elevated level of inflammatory cells in the hings. In
some embodiments, the methods of the present disclosure include treating sepsis. In some
embodiments, the methods of the present disclosure include treating bacteremia. In vet
some embodiments, the methods of the present disclosure include treating hung/pulmonary
fibrosis.  In some embodiments, the methods of the present disclosure include treating
fibrosis in general {e.g, lung/pulmonary fibrosis, cirthosis, and/or kidney glomerular
sclerosis), and/or kidney injury.

In some embodiments, when the treated condition 13 ALI or ARDS, the AL or
ARDS 15 caused by, or associated with, anv one of (i) a systemic insult selected from
trawma, sepsis (F.e., bodv-wide infection), bacteremia (i.e., bacteria in the blood},
pancreatitis, shock, multiple transfusions, disseminated intravascular coagulation, burns,
drag overdose or foxicity, optoids, aspirin, phenothiazines, tricvclic anmtidepressant,
amiodarone, chemotherapeutic  agents, nitrofurantoin, protamine, thrombotic
thrombocyiopenia purpura, head injury, and/or paraquat, and/or (i} a pulmonary insuli
selected from aspiration of gastric content, lung intubation, embolism {e. g, from thrombus,
fat, atr, or amniotic fhuid}, tuberculosis, viral pneumonta (e.g., SARS caused by coronavirus
or wfluenza virus), bacterial pneursonia, Cyiogenic organizing pneurnonifis, airway
obstruction, smoking free-base cocaine, near-drowning, toxic gas inhalation, oxygen
toxicity, lung contusion, radiation exposure, high-altitude exposure, lung re-expansion,
and/or reperfusion,

In some embodiments, when the freated condition is ALI or ARDS, the AL or
ARDS can be caused by an infectious disease, wherein the infectious disease is caused by
coronavirus or mnfluenza virus, pulmonary fibrosis, sepsis; bacterernia, intubation; and/or a
toxic gas selected from group consisting of chlorine gas, smoke, phosgene, and/or
concenirated oxygen.

In certain embodiments, when the treated condition is ALI or ARDS, the ALY or
ARDS is caused by an infectious disease (e.g , wherein the infectious disease is caused by
coronavirus or influenza virus).

In certain embodiments, when the treated condition 15 ALE or ARDS, the ALY or

ARDS 15 caused by pulmonary fibrosis.
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In certain embodiments, when the {reated condition i3 ALI or ARDS, the ALY or
ARDS is caused by sepsis.

In further embodiment, when the treated condition is ALY or ARDS, the ALI or
ARDS is caused by bacieramia.

In further embodiment, when the treated condition is ALI or ARDS, the AL or
ARDS is caused by intubation.

In further embodiment, when the treated condition 18 ALI or ARDS, the ALI or
ARDS 15 caused by a toxic gas, such as chlorine gas, smoke. phosgene. concentrated
oxygen, of any combinations thereof

"Acute lung njury"/Macute respiratory distress syndrome” (ALVARDS ) refers to a
iife-threatening climical lung syndrome with a 28-day mortality of 30 to 50%. The
prevalence of ALI/ARDS is about 200,000 cases / vear in the US. See, e.g., Johnson ER.,
and Matthay MA, J Acrosol Med Pulm Drug Deliv. 23(4):243-52, 2010, Allis a
syndrome, or a condition characterized by hung alveolar injury, resulting from disruption
of endothelial and epithelial barriers, a neutrophilic inflammatory response, pulmonary
edema, and marked dvsfunction in pulmonary blood oxvgenation, lung compliance, and
airway resistance. Acute respiratory distress Syndrome {ARDS) is a more severe form of
ALL As used herein, ALI includes both ALY and ARDS. For human clinical diagnostic
purposes, ALY is detined by the North American-European consensus classification (see,
e.g., Henru ef ol , Intensive Care Med (2013} 39:2161-2170) based on the outcome or sum
result of the conditions or syndrome described above, which is a decrease in blood
osygenation ju a patient, in the absence of heart fatlure. This decrease s a Pa02:Fi02
{defined below} ratio of 200 to 300 mg Hg n the setting of a wedge pressure less than 18
mg Hg {i.e., not cardiovascular cause} along with radiographical presence {as determined
by X-rav) of bilateral infilirates ("infiltrates” term used by doctors reading chest X-rays)
consistent with pulmonary edema. Patients with ARDS have rapid onset shortness of
breath and very low oxygen levels in the blood with Pa02 below 63 mumHg or a PaO2:FI02
ratio below 300 mg Hg, where Pa02 is partial pressure of oxygen in the artenial blood and
FIO2 is the fractional concentration of inspired oxvgen. Altematively, or in addition, pulse
oximetry, a sensor attached to a finger or an ear that uses light, may be used to determine
blood oxygenation in terms of hervoglobin oxygen saturation, or SpO2. A well oxvgenated

blood has Sp02 of 96-99% and 20 and below is indicative of having PaQ02:Fi02 ratio below
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300 mg Hg. Other blood tests may be performed - including tests of kiduey function,
thyroid function, and blood count —~ as well as tesis to exclude a heart attack
{eleciro/echocardiogram) as the cause of any pulmonary edema rather than ALL

ALVARDS can be caused by a wide variety of insults including sepsis (most
conumon precipitating cause of ALY worldwide, see, e.g., Leonard D. Hudson, Arthur 8.
Slutsky, i Goldman's Cecil Medicine (Twenty Fourth Edition), 2012}, aspiration of gastric
content, shock, nfection, lung contusion, non~thoracic trauwma, toxic inhalation, near-
drowning, and/or nmultiple blood transfusion. Pulmonary damage cause by influenza or
corona virus {e.g., HINI, SARS-Cov-1 & 2) can lead to life threatening ALIVARDS.
Mechanistically, these insults result in a disruption of alveolar endothelial and epithelial
barriers, and leakage of fluid (pulmonary edema), plasma proteins and inflammatory cells
{neutrophiis, macrophages} into the hung/alveolar cavity limiting red blood cell access to
oxvgen froro the alveolar air leading to severe hypoxenua, or very low hemoglobin oxygen
saturation and respiratory distress. The accumulation of inflamnmatory celis is believed to
be central in promoting and sustaining injury by generation of large amounts of oxygen-
derived free radicals by these cells. Cytokines, growth factors, and degradative enzymes
also are produced and released into the extraceliular environment by mflammatory cells.
These molecules and proteins can damage parenchymal cells in iflamed tissues and may
fead to cell death. The severity of ALL correlates positively with the number of
inflammatory cells (activated neuirophiis) in the alveolar spaces. Early activation status of
neuirophils in patients with ALI determines the clinical course of the disease. See, e.g,
Yang et al., Am. J. Respiv. Crit. Care Med. 167:15671574, 2003, Many ammal models of
ALY are linked to the presence of elevated concentrations of neutrophuils.  See, e.g.,
Abraham et al., Am. J. Physiol. Lung Cell. Mol Physiol 279:1137-1145,2000; Flick et o/,
Cive. Res. 48:344-351, 1981; Heflin A C Jr and Bngham K L. J Clin. fnvest. 68:1253-
1260, 1981; Shasby eral, Am. Rev. Respir. Dis. 125:443-447 1982,

Thus, "acute lung mjury” (AL refers to a lung disorder in a mamwal or a human
resulting in very blood low oxygen levels with Pa02 (Partial pressure of arterial Oxygen}
of less than about 60 nunHg or a Pa02:Fi02 ratic below 300 mg Hg (if the Pa02:Fi02
ratio is severely below 300 mg Hg, the condition is further characterized by shortness of
breath), bilateral infilirates radiographically counsistent with pulmonary edema, 1 the

absence of clinical evidence of cardiac failure. The term ALY also includes acute
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respiratory distress syndrome (ARDS), which is a more severe form of ALLL The
Pa02:Fi1072 ratio is the ratio of partial pressure of oxygen (Pa(2) in the arterial blood and
fractional concentration of inspired oxvgen (Fi02} with no clinical evidence of cardiac
fatlure. The Fi02 can be the fractional concentration of atmospheric oxygen of .21 {or
21%;) but in hospital setting that uses oxygen as supportive care this can be up to .60
Because the FIO2 can vary depending on the use of oxygen in the inspired air, Pa02 alone
below 60 mun Hg is an indicator of ALL the extent of Pa(2 lowering from 60mm Hg is
indicative of a more severe the ALVARDS.

Because Pa02 require blood draw, pulse oximetry is also used to determine blood
oxyvgenation. Pulse oximetry is a noninvastve method for montioring a person’s blood
hemoglobin oxygen saturation (SO} now known as "fifth vital sign". It uses the
absorbance of two wavelengths of light {(in the extremities such as finger or ear}, one for
oxygenated hemogiobin and the other for deoxygenated hemoglobin to determine SO,. In
particular, deoxyhemoglobin absorbs light maximally in the red band of the spectrum (600
to 750 nmy}, and oxyhemoglobin absorbs maximally in the infrared band (850 to 1000 nm).
The ratio of light absorbance between oxyvhemoglobin and the sum of the absorbance of
oxvhemoglobin plus deoxvhemoglobin is calculated and compared with previously
calibrated direct measurements. ALI patients having an S(h below 90% correlates well
with a Pa02 of below 60 mmHg and is diagnostic of ALL Al animal models of ALY are
iinked to presence of elevated concentrations of neutrophils and measurement of these is
indicative of the severity and resolution of ALL See, e.g., Abisham et ol Am. J. Physiol.
Lung Cell Mol Physiol. 279:1137-1145,2000; Flick ef ol Circ. Res. 48.344-351, 1981,
Heflin A. C. Jr. and Brigham K L. J. Clin. Invest. 68:1253-1260, 1981; Shashv efal . Am.
Rev. Respir. Dis. 125:443-447 1982). This model is widely used by those skilled in the art
in diagnosing the seventy of AL in manuoalian subjects.

AL 1s diagnosed or determuned once the patient presents evidence of vital signs
indicative of low blood oxygenation. These signs include shortness of breath, rapid
breathing, blueish/cherry red skin, cough, wheezing, and sweating. The low blood
oxygenation is confirmed by measuring blood oxygenation either by pulse oximetry or by
blood draw and blood gas analvsis to measure arterial blood oxygen partial pressure
{(Pa02). The blood gas analvsis showing low blood oxygenation 1s a Pa02 of 60 manHg

and below or a ratio of arterial oxvgen partial pressure to fractional inspired oxygen
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(Pa2/F102 ratio) below 300mmHg. Using oximetry, low blood oxygenation 13 indicated
by a blood hemoglobin oxygen saturation {(Sp(2) below 90%. Pulse oximetry can also be
used o monitor a person's blood hemoglobin oxygen saturation (802). ALI patienis have
a 8O below 90%, which correlates well with PaQ2 of below 300 mmHg and is diagnostic
of ALL The low oxygenation is due to pulmonary edema {(also diagnostic of ALY) and can
be determined by chest X-ray, which can confirm the diagnosis of pulmonary edema and
exclude other possible causes of your shortness of breath.

AL is also associated with an increase level of inflammatory cells in the lung as
determined from bronchoalveclar lavage flurd (BALF). BALF is obtained and analyzed
for the level and size of mfammatory cells. Bronchoalveolar lavage (BAL), performed
during flexible bronchoscopy, has gained widespread acceptance as a minimally mvasive
method that provides tmportant information about immumnologic, inflammatory, and
infectious processes taking place at the alveolar level. See, e.g., Harbeck RI, Chn Diagn
Lab Inumunol. 1998, 5(3):271-7]. In brief, the technique of BAL generally involves the
introduction of a flexible fiber-optic bronchoscope transnasally while the patient is in a
semi recumbent position. 1t1s passed through the pharynx and voeal cords, inio the trachea,
and to the appropriate area of the lung. Aliquots of sterile saline {generally 30 to 40 mi)
are instilled through the bronchoscope, which is immediately and gently withdrawn. One-
hundred roliditers of salive can sample the constituents of about 1 nullion alveoli or about
1.5 10 3% of the lung and can recover about | mil of epithelial lining fhud. The total
procedure takes less than 15 mun. The cells recovered from the lung by lavage are much
roore heterogeneous than the cells obtained from peripheral blood By flow cviometnic
examination the major cell populations include normal size macrophages, neutrophuls,
eosinophils, ervthrocvtes, and lvmphocvtes. During inflammation and ALL epithelial cell
number mcreases significantly. In addition to increase in nurnber, pulmonary macrophage
size can range from & to 30 num or larger, while BAL fluid lymphocytes can be larger than
their peripheral blood counterparts depending on the condition of the hing and especially
if they are activated.

Sepsis 15 defined as life-threaterung organ dysfunction due to dysregulated host
response o mfection. The consensus document describes organ dysfunction as an acuie
increase n total Sequential Organ Failure Assessment {(SOFA) score two points

consequently to the infection. See, e.g. Gul er &/, Turk § Anaesthesiol Reanim. 2017 Jun;
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45(3): 129-138]. Septic shock occurs in a subset of patients with sepsis and includes an
undertying circulatory and cellular/metabolic abnormality that is associated with increased
mortality.  Septic shock is defined by persisting hypotension requiring vasoprassors to
maintain a mean arterial blood pressure of 65 mm Hg or higher and a serum lactate level
greater than 2 mmol/L (18 mg/dL) despite adequate volume resuscitation. See, e.g., Singer
ef al., JAMA 2016; 315(8): 801-810. This definition, also called Sepsis-3, eliminates the
requirerment for the presence of sysiemic inflammatory response syndrome (SIRS} o define
sepsis, and it removed the severe sepsis definition. What was previously called severe
sepsis 1s now the new definition of sepsis. Severe sepsis is the most common precipitating
cause of ALI worldwide. See, e.g., Leonard D. Hudson, Arthuer S, Shutsky, in Goldman's
{Cecil Medicine (Twenty Fourth Edition}, 2012, Inflammation due to sepsis leads to AL
and therefore the progression to AL must be mitigated as early as possible since no
treatroent 15 available for ALY other than supportive care.  Endotoxin, or mwore accurately
termed bacterial lipopolysaccharide (LPS), i1s recognized as the most potent microbial
mediator implicated in the pathogenesis of sepsis and septic shock. See, e.g, Opal SM.
Contrib Nephrol. 2010:167:14-24. Therefore, the use of LPS to simulate sepsis in animal
model is widely used in testing the effectiveness of treatment prior to human use. Because
sepsis is known to be associated with a drop in blood pressure and natriuretic peptides are
generally known to drop pressure it s counterintuitive {0 use that as a treatment. Yet, as
discussed above, the present disclosure features the use of C-type natriuretic peptide (CNP}
derivative, long acting CNP, long acting CNP derivative, very long acting CINP, very long
acting CNP derivative, long acting NFRB agonist, and/or very long acting NPRB agomst,
to treat sepsis, with beneficial effects.

Bacterenua is the presence of bacteria in the bloodstream and is known to those
skilled i the art. If bacteria in the blood strearn are present long enough tune and n large
enocugh numbers, particularly in people who have a weakened immune system, bacteremia
can lead to other infections and sometimes frigger a senious body wide response called
sepsis. Bactererma may result {rom ordinary activities {such as vigorous toothbrushing),
dental or medical procedures, or from infections {such as pneumoria or a urinary tract
mfection). Usually bacteremia {particudarly if it occurs during ordinary activities) does not
cause infections because bacteria typically are present only i small numbers and are

rapidly removed from the bloodstream by the imunune system.
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Acute respiratory distress syndrome {ARDS) is a more severe form of AL ltisa
rapidly progressive disease occurring in critically ill patienis, where fluid leaks into the
fungs reaches the point where breathing is difficolt or impossible.

Pulmonary edema is a condition where there is by excess fluid in the lungs arising
from the lung itself and is defined and diagnosed by radiographical presence (by X-ray) of
bilateral infiltrates ("infiltrates” term used by doctors and those skilled in the arts who reads
chest X-ravs) equivalent to pulmonary edema This fluid collects in the numerous air sacs
in the lungs, making it difficult to breathe. radiographical presence (by X-ray} of bilateral
infiltrates ("infiltrates” is a term used by doctors reading chest X-rays) consisient with
pulmonary edema. In most cases, heart problems cause pulmonary edema. But fhuid can
accumulate for other reasons, including pneumonia, exposure to certain foxins and
medications, trauma to the chest wall, and visiting or exercising at high elevations.
Pulmonary edema that develops suddenly {acuie pulroonary edema) 15 a medical
emergency requiring immediate care. Pulmonary edema can sometimes be fatal, but the
outlook improves if it 1s treated quickly. Treatment for pulmonary edema varies depending
on the cause but generally includes supplemenial oxygen and medications.

Low arterial blood oxyvgenation or hypoxenua is a below-normal level of oxygen in
blood with an oxygen partial pressure below 60mm Hg or pulse oximeter readings values
below 90 percent. Normal arterial oxygen partial pressure is approsimately 75 to 100
milhimeters of mercury {mum Hg) or 10.5 to 135 kilopascal (kPa}. Normal pulse oximeter
readings usually range from 95 to 100 percent reflecting blood hemoglobin satwration.
Hypoxenia is a sign of a problern that results in various syroptoros, such as shortness of
breath.

Elevated level of mflamumatory cells in the hngs refers to an increase level or
quardity or number of inflammatory cells (macrophages, neutrophils, eosmophils, and
fymphocytes} in the lung by at least 3-fold compared to that of normal level healthy control
subjects measured in the same mamner. The level can be up to 10-fold compared to the
normal healthy condrol subject. This level is determined from bronchoalveolar lavage fluid
{BALF) by flow cytometric exanunation. The major cell populations in BALF mnclude
pormal size macrophages, neutrophils, eosinophils, ervthrocytes, and lvmphocytes. During
inflammation and ALL the number and size (8-30 um or larger) of pulmonary macrophage

ncreases along with significant increase in epithelial cell number. Similarly, lymphocytes
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can be larger than their peripheral blood counterparts depending on the condition of the
fung and especially if they are activated.

In some embodiments, adminisiering to the subject a therapeutically effective bolus
dose of the composition decreases a otal mumber of cells and total proteins in a BALF
sample from the subject. In certain embodiments, administering to the subject a
therapeutically effective bolus dose of the composition decreases MPO {(an activated
neutrophil marker) in a lung tissue from the subject. In certain embodiments, administering
to the subject a therapeutically effective bolus dose of the composition attenuates {(i.e.,
reduces, or decreases the expression ofy inflammatory cytokine expression {(e.g., IL-6, IL-
Ih, TNFa, MCP-1, and TFNg} in the subject. In certain embodiments, admimstening to the
subject a therapeutically effective bolus dose of the composition decreases a fibrotic area
in a lung in a subject having idiopathic pulmonary fibrosis. In certain embodiments,
adminustering o the subject a therapeutically effective bolus dose of the cornposttion
decreases a fibrotic area in a lung, in a liver, or in a kidney. In some embodiments,
administering to the subject a therapeutically effective bolus dose of the composition
decreases cell numbers and protein levels, and altenuates (i.e., reduces, or decreases the
expression of) anv one of IL-6, IL-1b, TNFa , MCP-1, and IFNg or anv combination thereof
in a subject having idiopathic pulmonary fibrosis. In some embodiments, adnunistering to
the subject the therapeutically effective bolus dose of the composition decreases the
expression of any one of AST, ALT, a-SMA, IL-6, IL-1b, TNFa, MCP-1. IFNg, iNOS,
EIf-1, Tollip, IRAK-1, P-P3&, P-P65, P-act. STAT1, P-STATL, STAT2, STAT3, STATS,
a fibrotic area, serurn creatiiune, an albumin/creatinine ratio in unne, hydroxyproline in a
fung, or any combination thereof, of the subject.

The following examples are provided to tllustrate, not limit, the disclosure.

EXAMPLES
Al peptides used in the Examples were synthesized by solid phase peptide
synthesis {SPPS) with H-Cys{Tri}-2-Cl-Tri Resin{0.54 mmol/g) as the starting solid
support (BLDPharm, Shanghai, China) in an automated microwave peptide synthesizer
{LibertvBlue HT 12, CEM, Matthews, NC). Each constituent molecule of the peptide, such
as anmuno acid, fatty acid, or protected alkyl dioic acid were anchored sequentially onto the

peptide resin using Fruoc chenustry, which is known to a person of ordinary skill in the art,
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resulting 1n a linear protecied peptide linked o the resin.  Linearcrude peptide was
deprotected and released from the resin by acidolysis with trifluorcacetic acid in the
presence of carbocation scavengers and ether precipitation. The resulting linear peptide
was eyclized by dissolving in 16% DMSO and 20% acetonitrile aqueous solution and
allowed to react for at least two days to provide disulfide bond formation. Fmally, the
peptide was purified and characterized by reversed phase HPLC (1260 Infiniy H
Preparative LC Svstems, Sania Clara, CA) using a gradient of 10% acetonitrile in water
with 0.1% triflucroacetic acid {TFA) and acetonitrile with 0.1% TFA  This gradient was
run on a2 Waters 30 x 150mm XBridge C18 column (P/N 186003284} with a Waters C18
prep column (P/N 186006893 ) at 40 mL/min over 24 minutes at room temperature and was
acquired at 214 nm. The peptide fractions with >90% purity were collected and dried as
white powder to provide the final peptide product.

Example 1 Superior in vivo performance of long acting CNP compared to native CNE

when administered as a bolus
AH mice used for this study were maintained under a 12-hour light/12-howr dark
cycle with free access to water and standard mouse diet (MF diet, Ortental Yeast Co., Ltd.
Tokyo, Japan or PicoLab Rodent Diet 20, LabDiet Corp.. St. Louts, Missourt).

For the pharmacokinetic study, female CD-1 mice (6-8 weeks old from Charles
river laboratory} were treated with 2.0 mg/Kg of native human CNP (Chewpep Inc.
Wellington, FL}, long acting CNP derivative (dCINP, Chempep Inc. Wellington, FL), or
very long acting CNP dernivative (VLA-dCNP) via subcutaneous adminisiration between
the shoulder blades. All test articles were formudated or dissolved in 100 ;M sorbitol, 100
mM methionine, 20 mM histidine, pH 6.0, Blood sampling at various times (0, 0.5, 1, 2,
3, 4, 5, and 24 for native NP, 0, 1, 2, 4, & 12, 24, 48, and 72 for dCNP and VLA~
dCNP) was performed by retro-orbital bleed, two bleeding per animal at two different
fimepownis. Blood samples were processed in K,EDTA fubes to obtain plasma. Plasma
was analyzed by commercially available CNP ELISA kit from Phoenix Pharmaceuticals
{cat# EKE-012-03). CNP is a native human NP (GLSKGCFGLKLDRIGSMSGLGC
[SEGQ 1D NO. 10] and dCNP is one of the addition derivatives of human CNP with the
following sequence: CHz{CH, ) C(=OKKKKGGGGLSKGCFGLKLDRIGSMSGLGC
[SEQIDNO. 6} The VLA-dCNP 15 a co-formulation of dCNP with PK extending polvimer

excipient at a dCNP: excipient weight ratio of 1:10. The details of the polymer are

~3
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described in Castillo ef ., Pharm. Res., (2012} 291, p 306-18, herein incorporated by
reference in ifs entirety.

For pharmacodynamic study of cyclic-GMP response study, male C57BL/6J mice
{6-week old from Kyudo,; Saga, Japan) were treated with 1.0 mg/Kg of native human CNP,
iong acting CNP derivative (dCNP), and very long acting CNP derivative (VLA-dCNP)
via subcutaneous bolus administration between the shoulder blades. All test articles were
formudated or dissolved in 100 oM sucrose, 100 mM methioning, SO mM histidine, pH
7.4. Blood sampling at vartous times {0, 1, 4, 8, 12, and 24 h for native CNP and dCNP;
0.1,2,4,8, 5,24, and 48 h for dCNP and VLA-JCNP) was performed by abdominal aorta
blood sampling after laparctomy, one bleeding per animal per timepoint. To obtain plasma,
EDTA; final concentration 1.5 mg/mL (Dojindo, Kumamoto, Japan) and aprotinin; final
concentration S00KIU/mL (Sigma Aldrich, St Louis MO} were added to blood and
centrifuged (x 2,000 g; 15 min, 4C). After supernatant was harvested, plasma saraples were
stored at -80 °C. Plasma saraples were analyzed by commercially available cyclic-GMP
kit from (isBio (Codolet, France). CNP  is a native human NP
{(GLSKGCFGLEKLDRIGSMSGLGC [SEQ ID NO. 10]) and dCNP is one of the addition
derivatives of human CINP with the following sequence:
CHS(CH ) s CEOXK KKK GGGOLSKGCFGLEKLDRIGSMSGLGC [SEQ ID NO. 6}, The
VEA-dCNF 15 a co~-formulation of dJCNP with PK extending excipient at a dCNP: exciplent
weight ratio of 1:10. The details of the polymer are described in Castillo er ¢/, Pharm
Res., (2012) 291}, p 306-18, herein incorporated by reference in its entirety. Specifically,
the PK extending exciptent was made using N-hydroxy sulfo-succininide reagent and 1-
Ethyl-3-(3-dimethylaminopropylicarbodizmide to activate carboxyl group of polyetheviene
elycol (PEG) for attachment to epsilon amino of linear polvlysine { at Epsilon amino:
NHSS: EDC: PEG carbowyl group molar ratio of 0.2: 1 1: 0.3} of 5kDa polyethevlene
glyeol (PEG) attached them to the epsilon anuno group of the linear polvlvsine backbone
with molecalar weight ranging from 15 to 40kDa (polylysine average molecular weight of
2Skiya, by multi-angle laser light scattering or MALLS). The product was characterized
by trinitrobenzine sulfonic acid (TNBS) amuno n process measurement. It is estimated to
have 55% of epsilon amino group used up dwing the PEG addition reaction and the
remaining epsilon anuno groups was used up during the stearic acid addition reaction using

NHS-stearic acid. Only trace amount of measurable amino groups (<5%;) present at the
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end of the stearic acid addition as measured by TNBS. The PK extending excipient was
purified by an uitrafiliration process that is well-known to those skilled in the art. Buffer
formudation used for bolus administrations with and without PK extending excipient was
100 mM sucrose, 100 mM methionine, SO mM histidine.

Referring to FIGURE 1A, the plasma CNP [mean (SD); n= 5} 1s shown for {D-1
mice after subcutanecus administration in an amount of 2.0 mg/Kg of a native CNP, a CNP
derivative (dCNP), and a very long acting CNP derivative (VLA-dCNP). The inset i3 an
enlarged scale of the left bottom comer to show the low plasma level of CNP (diamond}
when native UNP is administered. Error bars represent standard deviation of n=5 plasma
samples. Baseline ONP level prior to admunistration was 1.74 (0.6} ng/mL [mean (8D);
n=15}1. FIGURE 1B is a plot showing plasma cyclic-GMP in male C57BL/6J mice
measuwred using a cyvclie-GMP kit from CisBio {Codolet, France) after subcutaneous
adrotrustration 1o an amourt of 1.0mg/Kg of native CNP, long acting CNP derivative
{(dCNP), and very long acting CNP derivative (VLA-dCNP}. Baseline plasma cyclic-GMP
level was 20 (3.7} pmol/mL [mean (SEM); n=&] or 7 (1.3) ng/mL [mean (SEM); n=8]. At
2 howrs and beyond, subcutancous administration of native CNP did not show significant
elevation of plasma cyclic-GMP compared to the haseline, while similar adnunistration of
fong acting CNPs (dCNP and VL A-dCNP) showed significant elevation of cyclic-GMP for

at least 24 howrs.

Example 2: Bolus adminisiration of hieh dose of very long acting CNP derivative (VLA-

dCINP) can increase plasma cvelic-GMP in the surprising absence of corresponding drop

in blood pressure

For this study the cardiovascular and hemodynanuc effects were assessed for three
different long acting natriuretic peptides {verv long acting ANP derivatives or VLA-dANP;
ANP  wmodified . a siwilar way as  dONP, where VLA-ANP  was
CHR{(CHy)  CC=0IKKKEKGGG-SLRRSSCFGOGRMDRIGAQSGLGONSFRY [SEQ ID
NO. 28] plus PK extending excipient and dANP was CH3{(TH,} i CEOKKKKGGG-
SLERRSSCFGGRMDRIGAQSGLGONSFRY [SEQ ID NO. 28] alone. The PK exiending
excipient was a polvmeric excipient described in Example 1 above, and in Castillo ef o/,
Pharm. Res., (2012} 29(1); p 306-18, and herein incorporated by reference in iis entirety.
The very long action BNP derivatives or VLA-dBNP was CH3{CHy)(C{=ORKKKGGG-
SPKMVQGSGCFGRKMDRISSSSGLGCKVLRRH (dBNP) [SEQ ID NO. 29} plus PK

75
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extending excipient described above. dBNP, CH3(CH ) LEORKKKKGGE-
SPKMVQGSGCFGRKMDRISSSSGLGCKVLRRH [SEQ 1D NO. 29] is without the PK
extending excipient described above. VLA-dCNP is dCNP as described in Example T plus
PK extending polymeric excipient described above. dCNP is as described in Example |
and is without the PK extending excipient. These formulations (in 100 mM Sucrose, 100
mM methionine, 50 mM histidine buffery were administered to Beagle dogs {n=12
animals/iest article; the same arumals were for other test articles after a washout period of
at least a week]. These test articles were admirnistered by a single subcutaneous injection
containing 25 ug/Kg of peplide and 1 mg/Kg of PK extending polymer (2.5% loading}. 12
animals were previously instrumented with Data Sciences Intemational (8t Paul, MN}
telemetry transmitters to continuously record heart rate, mean arterial pressure, systolic
arterial pressure, diastolic arterial pressure, PR interval, QRS dwration, QT interval and
body temperature.  All animals were monitored for 7 days afler each dose. At 4, 6, 8, 16,
20, 24, 28, 32,40, 48, 66, 78, 90, 102, 114, 126, 138, 150, 162, and 174 hours after each
dose, a 3mL blood sample was taken in a K5 EDTA collection tube and then stored on wet
ice until spun in a refrigerated centrifuge. Plasma was harvested and treated with plasma
preservation reagent {phosphoric acid in detonized water, 15:85, v/v). The samples were
inverted several times and then froven on dry ice. The samples were stored in a freezer (-
80C) then shipped on dry we for LC-MS analysts of cyclic-GMP.

Al natriuretic peptides act by causing an increase in cvioplasmic cyclic-GMP
generation which is believed to cause a corresponding drop in blood pressure. However,
when the bolus doses of very long acting versions of 3 main natriuretic peptides were
compared, it was surprisingly found that a high bolus dose (sufficient to increase blood
cyclic-GMP for 3 davs) of very long acting CNP denivative of the present disclosure could
increase m plasma cyclic-GMP without causing a dangerous drop in blood pressure. While
a similarly developed very long acting ANP and BNP derivative, when given as a bolus
dose {enough to ncrease blood cvclic-GMP for 3 days), caused a significant drop in blood
pressure. For very long acting ANP dernivative, the blood pressure drop was as much as
45%, while for the very long acting BNP dertvative, the blood pressure drop was as much
as 20%. For all 3 long acting natriuretic peptide derivatives, the increase in ¢cyvclic-GMP
was more than 1.5-fold and as much as 6-fold the baseline. The cyclic-GMP AUC are
VEA-dANP 3483 ng*h/mL, VLA-dBNP 2,585 ng*h/mbl, VEA-dUNP 2,627 ng*h/mbL.
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FIGURE 2A shows the corresponding increase in plasma cyclic-GMP {roean
{(SEM}: n=12] as monitored after a bolus admimstration of 25ug/Kg of verv long acting
CNP derivative (VLA-ACNP), very long acting BNP derivative {VLA-dBNP), and very
fong acting BNP derivative (VLA-dANP). Basehne plasma cyclic-GMP level was & (0.2}
ng/mb [mean (SEM); n=12], a level which is similar to healthy human. See, e.g | Igaki ef
af., Hypertens Res 1998; 21: 7-13. All very long acting formulations of natriuretic peptide
increased eyclic-GMP above the baseline of 8ng/ml. The cyclic-GMP AUC values were
VLA-dANP 3,483 ng*h/ml, VLA-ABNP 2,585 ng*hvmb, VLA-dCNP 2,627 ng*h/mlL.
The very long acting UNP derivative (VLA-JCNP) increased plasma cyclic-GMP for 3
days without an associated drop in blood pressure.

FIGURE 2B shows the mean arterial pressure in dogs [mean (SEM); n=12] as
monitored after a bolus adminstration of 25ug/Kg of very long acting CNP derivative
{(VLA-dCNP), very Joug acting BNF derivative (VEA-dBNP), and very long acting BNP
derivative (VLA-dANP). VLA-dCNP did not cause significant drop in blood pressure from
baseline {0 hr} after administration at a very high dose. In comparison, other very long
acting natriuretic peptides such as VLA-dBNP and VLA-dANP derivatives caused more
than a 15% drop in blood pressure. This was especially true for VLA-dANP where a drop
in blood pressure could be as much as 50% for simular increase in cyclic-GMP. The very
fong acting CNP denvative (VL A-JCNP)Y ncreased plasmoa evelic-GMP for 3 days without

an associated drop in blood pressure.

Example 3: Bolus adnunistration of very lone acting CNP derivaiive suppress lung imjuy

Increased cells in bronchoalveolar lavage fluid (BALF), especially neutrophils are
seen in ALY and ARDS. Therefore, the number of cells and total proteins in (Fig 3) and
MPO (Fig 4) which ts a neutrophil marker are measured. The decrease in number of MPO
positive cells {neutrophils) and total proteins wndicates resolution of ALIVARDS. Male
CS7BL/6J mice {6 week) were purchased from Kyvudo (Saga, Japan} and maintained under
a 12-hour light/12-hour dark cyele with free access to water and standard mouse diet (MF
diet, Oriental Yeast Co., Lid. Tokyo, Japan). Mice were treated with lipopolvsacchande
{LPS) (Sigma-Aldrich; 0.05 mg/kg mtratracheal administration} and treated with various
test articles. Test articles were very long acting CNP derivative or VLA-dCNP (described
in Exaraple 1) (Low (L) 0.1 mg/kg s.¢.; Medium (M) 0.3 mg/kg s.c; High (H) 1.0 mg/kg

s.c.}), native C-type natriuretic peptide or CNP (High 1.0 mg/kg s.c), long acting CNP
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derivative or dCNP (described in Example 1) (High 1.0 mg/kg s.¢.), airial natrigretic
peplide (ANP) (High 1.0 mg/kg s.c.), B-type natriurstic peptide or BNP (High 1.0 mg/kg
s.¢.}, anti-Tumor necrosis factor alpha antibody or TNFao ab which is an anti-inflammatory
drug {clone XT3.11; BioXcell West Lebanon, NH) (1.0 mg/kg s}, and cvclic-GMP
degradation inhibitor or PDES inhibitor called Vardenafil (VDN, Cayman Chemicals Ann
Arbor, M) (1.0 mg/kg s.¢.}. Test articles were administered right after LPS administration.
Normal control (NC} without LPS treatment and LPS treated groups without test article
treatmoent (Control} were included. After 24 hrs from treatment, mice were sacrificed under
isoflurane anesthesia and then bronchoalveolar lavage fluid (BALF) was harvested. The
total cell number in BALF was counted with counting chamber. Total protein
concentration in BALF was measured with Pierce’™ BCA Protein Assay Kit (Thermo
Fisher Scientific. Statistical analysis was based on Dunnett's test performed by using
GraphPad ToStat 3 (n =15, 23,7, 7, 7,7, 7, 7 and 9, NC, Control, CNP {(H}, dCNP (H),
ANP (H). BNP (i), anti-TNFog ab, VDN, VLA-dONP (H). * P < 0.01 vs VLA-dCNP (H)).
increased cells in BALF (especially neutrophils) are seen in ALI and ARDS. Therefore,
the number of cells in BALF and MPO which is an activated neutrophil marker are
measured.

FIGURE 3A a umeline for the protocol for evaluating dCNP-suppressed LPS-
induced acute hung injury. FIGURE 38 shows an increase i cells in BALF, especially
neutrophils, in ALI and ARDS, following the protocol shown in FIGURE 3A The
decrease in cells mdicated resolution of ALIVARDS. Statistical analysis was based on
Dunnett's test performed by using GraphPad InStat 3 (n = 185,23, 7,7, 7, 7.7, 7T and 9; NC,
Control, UNP (H), dCNP (H), ANP (H), BNP (H), TNFr ab, VDN, VLA-dCNP (H) * P
< .01 vs VLA-ACNP (H)). FIGURE 3C shows the total proteins in BALF, in ALY and
ARDS, following the protocol shown in FIGURE 3A. The decrease in total proteins
indicated resolution of ALVARDS. Staustical analvsis was based on Dunnett's test
performed by using GraphPad InStai 3 (n=15,23,7,7,7,7, 7, 7 and 9, NC, Control, CNP
{H}, dONP (H), ANP (H), BNP (H), TNFu ab, VDN, VLA-dCNP (H). * P<0.01 vs VLA-
dOUNP (H)).

Exarople 4. Lung treatment using dCNP and VEA-dCNE

A) dCNP and VLEA-ACNP decreased neutrophul infiliration in the lung indicating
resolution of ALI/ARDS
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Male C37BL/6Y mice (6 week) were purchased from Kyudo (Saga, Japan) and
maintained under a 12-hour light/12-hour dark cycle with free access to water and standard
mouse diet (MF diet, Oriental Yeast Co., Ltd. Tokvo, Japan). Mice were treated with LPS
{Sigma-Aldrich; 0.05 mg/kg intratracheal administration) and treated with very long acting
{NP denivative or VLA-dCNP (described in Example 1) (1.0 mg/kg s.c.}, native C-type
natriuretic peptide or CNP (1.0 mg/kg s.c.}, CNP derivative or $CNP (described in Example
1) (1.0 mg/kg 5.3, Atrial Natriuretic peptide (ANP) (1.0 mg/kg s.¢.), B-Type natriuretic
peptide or BNP {1.0 mg/kg s.¢.), anti-Tumor necrosis factor alpha antibody or TNFa ab
{clone XT3.11; BioXcell West Lebanon, NH) (1.0 mg/kg sc), and cyclic-GMP
degradation inhibitor or PDES inhibitor called Vardenafil (VDN} (Cayman Chemicals Ann
Arbor, MDD (1.0 mg/kg s.c.). Test articles were administered right after LPS administration.
After 24 hrs from treatment, mice were saciificed under isoflurane anesthesia and hung
tissue was harvested and fixed by 4% paraformaldehyde. Paraffin section of fixed lung
tissue was stained immunohistochenucally with anti-MPQO rabbit polyclonal antibody
{Agilent Technologies Santa Clara, CA}, horseradish peroxidase (HRP)-labeled anti-rabbit
IgG goat polvclonal amtibody {(Nichiret bioscience Inc. Tokyo, Japan) and 3.3
diaminchenzidine-4HC (DAB) (Agilent Technologies Samta Clara, CA). The number of
MPQO-positive cells per field were counted. Statistical analysis was based on Dunnett's test
performed by using GraphPad InStat 3(n =18, 6, 6, 6, 6, 6, 6 and 6; Control, CNP, dCNP,
ANP, BNP, anti-TNFg ab, VDN, VLA-dCNP. * P <0.01 vs VLA-dCNP and ** P<<0.05
vs VLA-dCNP). Increased cells in BALF (especially neutrophils) are seen in ALI and
ARDS. Therefore, the number of cells in BALF (FIGURE 3B) and MPO (FIGURE 4A}
which is an activated neutrophul marker are measwred. Inflammatory cell infiltration as
seen by HE stains indicates inflammation in the lung.

FIGURE 4A shows that VEA-dCNP treatmoent decreased the nvumber of MPO
positive neufrophils, MPO is marker neutrophil granulocyte pro-inflamnmatory cell.
Statistical analysis was based on Dunnett's test performed by using GraphPad InStat 3 {n =
18, 6,6, 6, 6, 6, 6 and 6; Control, CNP, dCNP, ANP, BNP, TNFa ab, VDN, VLA-AUNP.
* P < 0.01 vs VLA-ACNP and ** P<0.05 vs VLA-dCNP).

B1dONE and VEA-JCNP decreased inflarnmatory cell infiltration orinflammation

275
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Increased H&E staining indicates inflammatory cell infiltration or inflammation in
the lung. Male C57BL/6J mice (6 week) were purchased from Kyudo (Saga, Japan} and
maintained under a 1 2-howr light/12-hour dark cycle with free access to water and standard
mouse diet (MF diet, Oriental Yeast Co., Ltd. Tokyo, Japan). Mice were treated with LPS
{Sigma-Aldrich; 0.05 mg/kg intratracheal administration) and treated with very long acting
NP derivative or VLA-dCNP {described in Example 1} (1.0 mg/kg s.c.}, native {-type
natrivretic peptide or CNP (1.0 mg/kg s.¢.}, NP denvative or JCNP {described in Example
13 (1.0 mg/kg s.¢.), Atral Natriuretic peptide {(ANP) (1.0 mg/ke s.¢.}, B-Type nairiuretic
peptide or BNP (1.0 mg/kg s.c.), anti-Tumor necrosis factor alpha antibody or TNFa ab
(1.0 mg/kg s.c.), and cyvclic-GMP degradation inhibiior or PDES mbubitor called Vardenafil
(VDN (1.0 mg/keg s.c). Test articles were administered right after LPS administration.
After 24 hrs from treatment, mice were saciificed under isoflurane anesthesia and hung
tissue was harvested and fixed by 4% paraformaldehyde. Paraffin section of fixed hung
tigsue was stained by hematoxylin-eosin stain. Hematoxvhin and eosin (H&E) stains are
essential for recognizing various tissue types and the morphologic changes. The stain
displays a broad range of cytoplasmuc, nuclear, and exiracellular matrix features.
Hematoxvlin stains cell nuclei blue, reflecting number of cells or multinucleated cells,
whereas eosin stains protein pink in general and shows cvtoplasmic- and extracellular
matrix-protein.  Increase H&E staiung indicated wmfanvvatory cell wfiltration or
nflammation in the lung.

FIGURE 4B shows micrographs of hematoxvlin-eosin {HE) staining of paraffin-
sections of lung tissue showing an increase in nucleated cells, number of cells, extracellular
matrix and protemn in general, scarring, and/or protein permeation in the alveolar space.
Inflammatory cell infiltration as seen by HE stains indicated inflammation in the hung (right
panel showing darker statning as cell nurubers and protein increase). For these studies,
mice were treated with LPS (Sigma-Aldrich: 0.053 mg/kg mtratracheal administration} and
treated with very long acting CNP derivative or VLA-GCNP (1.0 mg/kg 5.¢.), native C-type
natriuretic peptide or CNP (1.0 mg/kg s.c.), NP dervative or dCNF (1.0 mg/kg s.c)
Atral natriuretic peptide (ANP) (1.0 mp/ke s.¢.). B-Type natriuretic peptide or BNP (1.0
meg/keg s.c.), anti-tumor necrosis factor alpha antibody or TNFo ab (1.0 mg/kg s.¢.), and
cyelic-GMP degradation inhibitor or PDES inhibitor called Vardenafil (VDN) (1.0 mg/kg

s.c.). Test articles were administered right after LPS admirmistration. At 24 hourss after

-80-
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ireatment, mice were sacrificed under isoflurane anesthesia and hung tissue was harvested
and fixed by 4% paraformaldehvde. Paraffin section of fixed lung tissue was stained by
anti-MPO antibody {brown to dark brown color) and hematoxviin-eosin stain (nuclet is
blue-purple and proteins are pink}.

Exanple 5. VLA-ACNP and dCNP treatment attenuated LPS-induced upregulation of

inflammatory cviokines in BALF

Male C37BL/6J mice (6 week} were purchased from Kyudo (Saga, Japan) and
maintained under a 12-hour light/12-hour dark cycle with free access to water and standard
mouse diet (MF digt, Oriental Yeast (o, Ltd Tokyo, Japan). Mice were treated with LPS
{Sigma-Aldrich; 0.05 mg/kg intratracheal administration) and treated with very long acting
NP denivative or VLA-dCNP (described in Example 1) (1.0 mg/kg s.c.}, native C-type
natriuretic peptide or CNP (1.0 mg/kg s.c.}, CNP derivative or $CNP (described in Example
1) (1.0 mg/kg s.¢.), Atnal Natriuretic peptide (ANP) (1.0 mg/kg s.¢.), B-Type natriuretic
peptide or BNP (1.0 mg/kg s.¢.), anti-Tumor necrosis factor alpha antibody or TNFa ab
(1.0 mg/kg s.c.}, and cyclic-GMP degradation inhibitor or PDES mhibitor called Vardenafil
(VDN) (1.0 mg/kg s.c.). Test articles were administered right after LPS administration.
After 24 hours from treatment, mice were sacrificed under 1soflurane anesthesia and then
bronchoalveolar lavage fluid (BALF) was harvested.  Each cytokine concentration,
specifically mterleukin-6 (1L-6), tumor necrosis factor o (TNF-0) and interleukin-1p (L~
1B} concentrations were measured with conunercially avatlable Time Resolution FRET
Kits {Cisbio, Bedford MA). Macrophage chemoattraciant protein-1 (MCP-1) was
roeasured by using ELISA kit (R&D SYSTEMS, Minneapolis MN}.  Previous studies
showed the role of TNFo (PL0S One, 2014 Jul22;9(7).102967) and the elevation of TNFu,
-6 In non-survivors (Chest, 1997:111:1306-21), and MCP-1 in the patients who
developed ARDS/ALI (International Journal of Molecular Sciences, 2019:20 (9): 2218).
Statistical anakysis was based on Student's t-test performed by using GraphPad.

FIGURE 5A shows that VEA-dCNP and dCNP treatments attenuated LPS-induced
upregulation of flammatory ovickines (IL6) in BALF to facilitate resolution of
ARDS/ALL Male (37BL/6J mice (6 week) were treated with LPS (0.05 myg/kg
imtratracheal administration} and treated with very long acting CNP derivative or VLA~
JCNP (1.6 mg/kg s.¢.), native C-type natriuretic peptide or CNP (1.0 mg/kg s.c.), CNP
derivative or dCNP (1.0 mg/kg s.¢.), atrial natriuretic peptide (ANP) (1.0 mg/kg s.c.}, B-

.81~
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Type natriuretic peptide or BNP (1.0 mg/kg s.¢.), anti-Tumor necrosis factor alpha antibody
or ThNFg ab (1.0 mg/kg s.c.). and cyclic-GMP degradation inhibifor or PDES inhibitor
called Vardenafil (VDN) (1.0 mg/ke s.¢.). After 24 howrs from treatment, bronchoalveolar
favage fluid (BALF) was harvested and 1L-6 cytokines were measured. Statistical analysis
was based on Student's t-test. (n=15,23,7.7,7, 7,7, 7and 9; NC, Control, UNP, dCNP,
ANP, BNP, TNFo ab, VBN, and VLA-JCNP. * P <(.01 vs. VLA-ACNF and ** P< 0.05
vs. VLA-dCNP).

FIGURE 5B shows that VLA-dUNP and dCNP treatment attenuated LPS-induced
up-regulation of inflammatory cytokines (TNFa} in BALF to facilitate resolution of
ARDS/ALL  The protocol was the same as that described in FIGURE 54, except that
bronchoalveolar lavage fluid (BALF) was harvested and measured for TNFu cytokines.

FIGURE SC shows that VLA-dCNP and dCNP treatment attenuated LPS-induced
upregulation of mflamwoatory cytokines (MCP-1) in BALF to facilitate resolution of
ARDS/ALL  The protocol was the same as that described in FIGURE SA, with the
exception that bronchoalveolar lavage fluid (BALF) was harvested and measured for MCP-
I cyvtokines.

Exanmple 6; VLA-dCNP treatment attenuated LPS-induced upregulation of nflammatory

cviokines in lung tissue

maintained under a 12-hour light/12-hour dark cycle with free access to water and standard
mouse diet {MF diet, Oriental Yeast Co. Ltd, Tokvo Japan). Mice were treated with LPS
{Sigma-Aldrich; 008 mg/kg indratracheal adnunistration) and treated with VLA-JCNP (1.0
mg/kg s.c.). VLA-dUNP {described in Example 1) was administered right after LPS
admunistration.  After 24 howrs from treatment, mice were anesthetized with isoflurang
before sacrifice. Proteiruin harvested lung tissue was extracted in cell-lysis buffer (50 oM
Tris-HCL, 150 mM NaCl, 1% Triton X-100, 1 mM EDTA, 50 mM NaF, 30 mM NasP07)
sapplemented with 1 mM PMSF, 2 yg/mi aprotinin, and | mM pervanadate. Each cviokine
concentration in extracted lung protein, Toterleukin-6 (JL-6), Tumor Necrosis Factor o
{TNF-q), interleukin-18 (IL-1p) and Macrophage chemoatiractant protein-1 (M{P-1), was
measured by using ELISA kits {(R&D SYSTEMS, Minneapolis MN).  Statistical analvsis

was based ou Studeot's /~test performed by using GraphPad Prism 6.

-87.
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FIGURES 6A-6D show that VLA-dCNP treatment attenuated LPS-induced
upregulation of inflammatory cyiokines in lung tissue to facilitate resolution of ARDS/ALL
Male C57BL/6] mice (6 week) were treated with LPS (0.05 mg/kg intratracheal
administration} and treated with VLA-GCNP (1.0 mg/kg s.¢.). 24 houss after treatment,
iung tissue was harvested. Each cyiokine concentration in extracted lung protein,
nterleukin-6 (IL-6) (FIGURE 6A), tumor necrosis factor o (TNF-a} (FIGURE 6B),
interleukin- 13 (L-1P) (FIGURE 6C) and macrophage chemoattractant protein-1 (MCP-1}
(FIGURE 6D), was measured by using ELISA lits. Statistical analysis was based on
Student's t-test (n = 10, 10, 9, NC, Control, VEA-dCNP. * P < (.05 vs Control}.

Example 7. VLA-CNP attenuaied LPS-elicited inflanymaiory eviokine expression

including IL-6. TNFa 11 1b that are commonly regulated bv NFkb svstems, the master

regulator of inflammation systems suggesting that VEA-dACNP broadlv suppresses

mflanunation response in the subject's body 1o resolve ARDS/ALI (Fig 1)

Male CS7BL/6J mice {6 week) were purchased from Kyudo (Saga. Japan) and
maintained under a 1 2-howr light/12-hour dark cycle with free access to water and standard
mouse diet {MF diet, Oriental Yeast Co. Ltd Tokyvo, Japan). Mice were ireated with LPS
{Sigma-Aldrich; 0.05 mg/kg intratracheal admirustration) and treated with very long acting
NP derivative or VLA-dCNP (described in Example 1} (1.0 mg/kg s.c.}, native {-type
natriuretic peptide or CNP (1.0 mg/kg s.c.), CNP dentvative or dCNP (described jo Exarople
13 (1.0 mg/kg s.c.), atrial natriuretic peptide or ANP (1.0 mg/kg s.¢.), B-Type natriwretic
peptide or BNP (1.0 mg/kg s.c.), Tumor necrosis factor alpha antibody or TNFo ab (1.0
rog/kg s.c), and cyclic-GMP degradation inhibitor or PDES inhibitor called Vardenafil
(VDN (1.0 mg/keg s.c). Test articles were administered right after LPS administration.
After 24 hours from treatment, mice were anesthetized with isoflurane before sacrifice,
then lung fissue was harvested and shredded in TRI Reagent (Molecular Research Center,
Inc. Cincinnati, OH) and kept at -80°C uontil analysis. Total RNA was extracted from
harvested long tissue by the chloroform-phenol method. Complementary DNA (cDNA}
was synthesized from extracted mRNA with cDDNA Kit (Qiagen, Hilden Germaoy)
Quantitative RT- PCR analysis was performed by prenux kit (Takara bio, Shiga Japan).
Several studies indicated that using specific iINOS mbubitors and/or iINOS-knockout
animals have supported the contention that NO/ANOS 15 responsible for the oxidative stress

and endothelial damage in the ARDS/ALI caused by endotoxin (World Journal of Critical
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Care Medicine, 2012 1{2); 50-60). Siatistical analysis was based on Student's 7-fest
performed by using GraphPad.

FIGURE 7A shows that VLA-JCWNP attenuated LPS-elicited inflammatory
cytokine expression including [L-6 that i3 commonly reguiated by NFkb systems, the
master regulator of inflammation systems suggesting that VLA-dCNP broadly suppressed
inflammation response in the subject's body to facilitate resolution of ARDS/ALL
Measurement of inflammatory related gene expression in ALT lung tissue. Male CS7BL/GI
mice {6 week) were {reated with LPS (0.05 mg/kg intratracheal administration} and then
treated with very long acting CNP derivative or VEA-dUNP (1.0 mg/kg s.¢. 3, native C-type
natriuretic peptide or CNP (1.0 mg/kg s.¢.}, CNP dertvative or JCNP (1.0 mg/kg s.¢.), atrial
natriuretic pepiide or ANP (1.0 mg/kg s.¢.), B-Type natriuretic peptide or BNP (1.0 mg/kg
s.c.), tumor necrosis factor alpha antibody or TNFo ab (1.0 mg/kg s.c.), and cyclic-GMP
degradation mhibitor or PDES intubitor called Vardenafil (VDN) (1.0 mg/kg s.c.}. Afier
24 hours from the treatiment, lung tissue was harvested. Total RNA was extracted from
harvested lung tissue. Statistical analysis was based on Student's t+iest. {n= 15,22, 6,6,
6,6, 6, 5 and 9; NC, Control, CNP, dCNP, ANP, BNP, TNFg ab, VDN, and VLA-dCNP.
* P <0.01 vs. VLA-ACNP and ** P<0.05 vs. VLA-dCNP).

FIGURE 7B shows that VLA-dCNP attenuated LPS-elicited inflammatory
cytokine expression ncluding iNOS, suggesting that VLA-dCNP broadly suppressed
inflamation response in a subject to facilitate resolution of ARDS/ALL The protocol was
as described for FIGURE 7A.

Referring to FIGURE 7C, VLA-ACNP attenuated LPS-elicited nflaromatory
cyvtokine expression including MCP-1, suggesting that VLA-dCNP broadly suppresses
inflammation response in the subject's body to facilitate resolution of ARDS/ALL The
protocol was as described for FIGURE 7A.

Referring to FIGURE 7D, VLA-dCNP attenuated LPS-elicited inflanunatory
cytokine expression including IL1b, suggesting that VEA-ACNP broadly suppressed
mflammation response in the subject's body to facilitate resolution of ARDS/ALL The
protocol was as described for FIGURE 7A

Referring to FIGURE 7E is a bar graph showing that VLA-JCNP attenuated LPS-~

elicited ioflamomatory cytokine expression including IFNg, suggesting that VLA-JCNP

-84
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broadly suppressed inflammation respounse in the subject's body to facilitale resohution of
ARDS/ALIL The protocol was as described for FIGURE 7A.

Example 8; VLA-dCNP suppressed inflammation levels in lung tissue

Tollip is the negative regulator of TLR-dependent inflammatory pathway, This
data indicated that VLA-dCNP {described in Example 1) upregulate the negative regulator
of TLR-dependent inflammatory pathway and that may contribute to the anti-inflammatory
effect of that corapound (Journal of Biological Chemistry, 2002; 227.7059-7065). IRAK],
P-P38, and P-P65 were measured and are the well-known crucial mediators in toll like
receptor 4 {TLR-4) dependent inflammatory pathway that is essential in lipopolysaccharide
{(LPS) induced ALL TLR-4 is the receptor for LPS and plays the crucial effect in LPS-
mduced mflammation response including ALY and sepsis. Tollip 15 a built-in negative
regulator that can attenuate TLR4-dependent signaling and ELF-1 suppresses Tollip
expression in the cell. If EIf-1 were down-regulated, the Tollip expression could be up-
regulated and that may suppress LPS-elicited mflammation. Male C57BL/61 mice (6
week) were purchased from Kyudo {Saga, Japan} and maintained under a 12-hour light/12-
hour dark ¢vcle with free access io water and standard mouse diet (MF diet, Origntal Yeast
Co. Lid, Tokyo lJapan). Mice were freated with LPS (Sigma-Aldrich; 0.05 mg/kg
intratracheal administration) and treated with very long acting UNP derivative or VLA~
dONP (1.0 rog/kg s.e). VLA-dCNP was admiuistered night after LPS adovnistration.
After 24 hours from treatment, mice were anesthetized with isoflurane before sacrifice.
Lung tissue were lysed in cell lvsis buffer (50 mM Tris-HCL 150 mM NaCl, 1% Triton X-
100, 1 mM EDTA, 30 mM NaF. 30 mM NaiP:07) supplemented with 1 mM PMSF. 2
ug/ml aprotinin, and 1 mM pervanadate and samples were added with 2-mercaptoethanol
(Fujifilm, Tokyo Japan) and sodium dodecyl suifate (SDS) solution and then boiled.
Western blot analysis was performed by using SDS-gel (Bio-rad, Hercules CA) and PVDF
membrane (Merck Millipore, Burlington MA)  After blocking step by 2.5% BSA,
membranes were detected by using antibody against Elif-1 (Santa Cruz Biotechnology,
Dallas Texas), Tollip (Protein Tech, Tokvoe Japan), TRAK-1 (Cell Signaling technology.
Danvers, MA}), P-P38 (Cell Signaling technology., Danvers, MA). P-P65 {(Santa Cruz
Biotechnology, Dallas Texas) and P-actin (Sigma-Aldrich, St Louis MO} followed by
incubation with a secondary antibody (Abcam, Cambridge, UK} and washed with 1%

Tween TBS. Membranes were detected by image analvzer {Vilber Lowrmat, Collegien

-R5.
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France). Statistical analysis was based on Student's f~iest performed by using GraphPad
Prism 6.

Referring to FIGURE 8, VLA-ACNP suppressed inflammation levels in fung tissue
to facilitate resolution of ARDS/ALL Male C37BL/6J mice {6 week) were treated with
LPS {(0.05 mg/ke intratracheal administration} and treated with VLA-dUNP (1.0 mg/kg
s.c.). At 24 howrs after treatment, fung tissue was harvested. Westermn blot analvsis was
performed by using antibody against EIf-1, Tollip, IRAK-1, P-P38, P-P6S and B-actin
(internal standard). Statistical analysis was based on Student's t-test (n =35, * P <0.05 vs
Cont.}.

Example 9: VLA-dCNP suppressed STAT levels in Jung tissue indicaling atienuation of

inflaromation

STATIL, P-STATI, STAT2, STAT3 are also involved in iNOS expression that is
contributed to ARDS/ALL Several studies indicated that using specific INOS whibitors
and/or iINOS-knockout animals have supported the contention that NO/INOS 15 responsible
for the oxidative stress and endothelial damage in the ARDS/ALI caused by endotoxin
{(World Joumal of Critical Care Medicing, 2012 1{2): 50-60). In addition, STATG deficient
mice exhibit atienuation of airway inflammation (Journal of Immunology, 2013, 190:904-
912). Male CSTBL/6I mice (6 week) were purchased from Kyudo (Saga, Japan) and
maintained under a 1 2-hour hight/12-hour dark cycle with free access to water and standard
mouse diet (MF diet, Oriental Yeast Co. Litd, Tokvo Japan). Mice were treated with LPS
(Sigma-Aldrich, 0.05 mg/kg intratracheal administration} and treated with VLA-JCNP
{described i Example 1) (1.0 mg/kg s.¢). VLA-dCNP was adnunistered night after LPS
administration.  After 24 hours from treatment, mice were anesthetized with isoflurane
before sacnifice. Lung tissue were lysed in cell fysis buffer (50 mM Tris-HCL, 150 mM
Nall, 1% Trton X-100, 1 M EDTA, 50 mM NaF, 30 mM NasP2O7) supplemented with
1 mM PMSF, 2 ug/mi aprotinin, and 1 mM pervanadate and samples were added with 2-
mercaptogthanol (Fuifilm, Tokyo Japan) and sodium dodecyl sulfate solution and then
boiled. Westermn blot analysis was performed by using SDS-gel (Bio-Rad, Hercules CA}
and PVDF membrane {Merck Millipore, Burlington MA). After blocking step by 2.5%
BSA, membranes were detected by using antibody against STAT-1 (Cell signaling
Technology {CST), Danvers MA), P-STAT-1 (CST), STAT-Z (CST), STAT-3 {(C8T),
STAT-6 (CSTY and B-actin (Sigma-Aldrich, St Lowse MQ) followed by incubation with
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a secondary antibody (Abcam, Cambridge UK} and washed with 1% Tween TBS.
Membranes were detected by image anmalyzer (Vilber Lourmat, Collegien France).
Statistical analysis was based on Student's 7-test performed by using GraphPad Prism 6.
Referring to FIGURE 9, VLA-ACNP suppressed STAT levels in fung tissue to
facilitate resolution of ARDS/ALL Male C37BL/6J muce {6 week) were treated with LPS
{0.05 mg/kg intratracheal administration) and treated with VLA-dCNP (1.0 mg/kgs.c.). At
24 h after treatment, lung tissue was harvested. Western blot analysis was performed by
using antibody anti-STAT-1, P-STAT-1, STAT-2, STAT-3, STAT-6 and B-actin (internal
standard). Statistical analysis was based on Student's t-test performed (n =5, * P < 0.05 vs

Countrol}.

Example 16, VLA-dCNP suppressed EH-1 expression in human umbilical vein

endothelial cells indicating suppression of TLRs-dependent inflammation including LPS

or of TLR-~dependent Damage-associated molecular patiems {(DA?

associgted molecular patterns (PAMPs)-ehicited mflammation

Toll like receptor (TLRA4} is the receptor for Lipopolyvsaccharide {(LPS) and plavs
the crucial effect in LPS-induced inflammation response including AL and Sepsis. Tollip
is a built-in negative regulator that can atienuate TLR4-dependent signaling and ELF-1
suppresses Tollip expression in the cell. If Elf-1 were down-regulated, the Tollip
expression could be up-reguiated and that can suppress LPS-elicited inflammation.

Human umbilical vein endothelial cells (HUVECs) was purchased from Takara Bio
(Shiga, Japan). Cells were maintained in HuMedia-EG2Z medium purchased from Kurabo.
Cells were plated into 12-well plates (Nunc, Roskilde Denmark) at the density of 1 X 10°
cells/well in 2 mL in HuMedia-EG2. After 24 hours, cells were treated with each
concentration of VLA-dUNP (described in Example 1) in M199 (Thermo Fisher Scientific,
Waltham MA) supplernented with 1%BSA (Sigrma-Aldrich, St Louis MO) for 6 hours.
Cells were lysed in cell lysis buffer (50 oM Tris-HCL 150 mM NaCl, 1% Triton X-100, 1
M EDTA, 50 mM NaF, 30 M NasP207) supplersented with 1 oM PMSF, 2 pg/ml
aprotinin, and | mM pervanadate and samples were added with 2-mercaptosthanol and
sodium dodecy! sulfate (SDS) solution and then boiled. Westemn blot analvsis was
performed by using SDS-gel (Bio~rad, Hercudes CA)Y and PVDF membrane {(Merck
Millipore, Burhington MA). After blocking step by 2.3% BSA, membranes were detected

by using an antibody against Elf-1 (Santa Cruz Biotechnology. Dallas TX) and $-actin
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{Sigma-Aldrich, 8t Louis MO} followed by incubation with a secondary antibody {Abcam,
Cambridge UK) and washed with 1% Tween TBS. Membranes were detected by image
analvzer (Vilber Lourmat, Collegien France). Statistical analysis was based on Student's
i~test performed by using GraphPad Prism 6.

Referring to FIGURE 10, VLA-dCNP suppressed Eif-1 expression in human
umbilical vein endothelial celis. Human umbilical vein endothelial cells (HUVECs) was
maintained in HoMedia-EG2 and moculated into 12 well plates (1 X 108 cells/well in 2
mL in HuMedia-EG2). After 24 hours, cells were treated with each concentration of VLA-
dCNP (0.07aM (0.21 pg/mL) or 0.7eM (2.1 ug/mL})) (in MI99 1%BSA) for 6 hours.
Protein levels were assessed by wesiern blot analysis by using an antibody against EIf-1
and B-actin (internal standard). Statistical analysis was based on Student's ttest (n =4, *
P < 0.05 vs Control}.

Example 11 VLA-JCNP suppressed Elf-1 levels 1o nucler of huwman umbilical vein

endothelial cells

Human umbilical vein endothelial cells (HUVECs) was purchased from Takara Bio
{Shiga Japan). Cells were maintained in HuMedia~-EG2 medium purchased from Kurabo
{Osaka Japan). Cells were plated into grass bottom dish at the density of 1 X 10° cells/well
in 2 mb in HuMedia-EG2. After 24 hours, cells were {reated with each concentration of
VLA-dCNF {(described in Example 1) in M199 (Thermo Fisher Scientific, Waltham MA)
supplemented with 1%BSA (Sigma-Aldrich, St. Louts MQ) for 6 hours. Cells were fixed
by 4% paraformaldehvde (Fujifilm, Tokvo Japan) and treated with anti-EIf-1 Ab (Santa
Crurz Biotechnology, Dallas TX) followed by wncubation with Alexa Fluor 488 labeled-
secondary antibody (Thermo Fisher Scientific, Waltham MA) and Hoechst 33342, Pictures
were taken by florescence microscope (Kevence, Osaka Japan). The overlay the green
(Eif-1) and blue (nuclet) and the mean fluorescence intensity of green at blue were
evaluated. Statistical analysis was based on Student's 7-test performed by using GraphPad
Prism 6.

Referring to FIGURE 11, VLA-dCUNP suppressed EIf-1 levels 1o nuclel of hurnan
umbilical vein endothelial cells. Human umbilical vein endothelial cells (HUVECs) was
maintained in HuMedia-EG2. Cells were plated into grass bottom dish at the density of §
¥ 10° celis/well in 2 mL in HuMedia~-EG2. After 24 hours, cells were treated with each
concentration of VLA-ACNP (0.07uM (0.21 pg/mL)) or CNP 0.1uM (0.21pg/mL)) in
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Mi99 (Thermo Fisher Scientific, Waltham MA) supplemenied with 1%BSA (Sigma-
Aldrich, 8t. Louis MO} for 6 hours. Cells were fixed by 4% paraformaldehvde and treated
with an antibody against EIf-1 Ab {Santa Crur Biotechnology, Dallas TX} followed by
incubation with Alexa Fluor 488 labeled-secondary antibody (Thermo Fisher Scientific,

Waltham MA) and Hoechst 33342,

Example 12 VLA-JCNP eliciis Tollip expression in human lung fibroblast cell line HFL1

Tollip is the negative regulator of TLR-dependent inflarnmatory pathway. This
data indicated that VLA-dCNP (described in Example 1) upregulate the negative regulator
of TLR-dependent inflammatory pathway and that mav contribute to the anti-inflammatory
effect in vivo. Human lung fibroblast cell line HFL1 was purchased from ATCC {Old
Town Manassas, VA). Cells were maindained in Dulbecco’s Modified Eagle's Medium
(Fujifilm, Tokvo Japan) supplemented with 10% fetal bovine serum (FBS) purchased from
{Sigma Aldrich, St Lows MO). Cells were plated juto 12-well plates (Nune, Roskilde
Denmark) at the density of 1 X 10 cells/well in 2 mL in 10% FBS DMEM. After 16 hours,
cells were treated with each concentration of VLA-dUNP in MI199 (Thermo Fisher
Scientific, Waltham MA) supplemented with 1%BSA (Sigma-Aldrich, St Louis MO) for
12 hours and added LPS (final concentration of 1.0 pg/mbL) for 2 hours. Cells were lysed
in ¢ell Fysis buffer (56 mM Tris-HCE 150 mM NaCl, 1% Triton X-100, 1 mM EDTA, 50
oMt NaF, 30 ;M NasP207) supplemented with 1 mM PMSFE, 2 pg/mi aprotinin, and 1 mM
pervanadate) and samples were added with 2-mercaptoethano! and sodium dodecy! sulfate
(SDS) solution and then boiled. Western blot analysis was performed by using SDS-gel
{Bio-rad Hercules CA} and PVDF membrane (Merck nullipore Burlington MA). After
blocking step by 2.5% BSA, membranes were detected by using an antibody agamst Tollip
{Proteintech) and B-actin (Sigma-Aldrich, St. Louws MO} followed by incubation with a
secondary antibody (Abcam, Camburidge UK) and washed with 1% Tween TBS.
Membranes were detected by image amalyzer (Vilber Lourmat, Collegien France).
Statistical analysis was based on Student's r-test performed by asing GraphPad Prism 6.

Referring to FIGURE 12, VLA-dCNP elicits Tollip expression in human lung
fibroblast cell line HFL 1. Human lung fibroblast HFL1 (1.0 x 105 cells /well) was cultured
with DMEM medium for 16 hours and then incubated with 1% BSA-M199 medium with
0.21 pM (0.66 ug/ml) VLA-dCNP and without VLA-ACNE (N.C)). After a 12-hour

incubation, cells were stimudated with LPS (final concentration of 1.0 yg/mb).  After
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another 2-hour incubation, cells were harvested and lysed.  The amount of protein
expression in the cells were evaluated by western blotting with an antibody against Tollip
and B-actin (internal standard). Statistical analysis was based on Student's ttest (n =4, *

P <005 vs Cont.).

Example 13: VEA-JCNP had protective effect on the lsthality of LPS-induced sepsis

{Table 1}

Male Balb/c mice (11 week) were purchased from Kyudo (Saga, Japan) and
maintained under a 12-hour light/12-hour dark cycle with free access to water and standard
mouse diet (MF diet, Oriental Yeast Co., Ltd. Tokvo, Japan). Mice were treated with LPS
{Sigma-Aldrich 10 mg/kg i.p) and treated with each dose of VLA-dCNP (described in
Example 1} (Low 0.1 mg/kg s.c.; Madium 0.3 mg/'kg s.c; High 1 0 mg/kg s.¢ ), native C-
type natrivretic peptide or CNP (High 1.0 mg/kg s.c.), UNP derivative or dCNP (High 1.0
mg/kg s.¢.), B-Type nairiuretic peptide or BNP (High 1.0 mg/kg 5.¢.), Anti-Tumor necrosis
factor alpha antibody or TNFa ab (1.0 mg/kg s.c.}, and cyclic-GMP degradation inhibitor
or PDES inhibitor called vardenafil (VEN) (1.0 mg/kg s.c)  Test articles were
administered right after LPS administration. Survival was observed every 2 hours.

Referring to FIGURE 13A, VLA-dCUNP had protective effect on LPS-induced
sepsis. Balb/c (11 week-old male) mice were treated with LPS (10 mg/kg 1.p.) and treated
with each dose of VLA-ACNP (Low 0.1 mg/kg s.c.; Medium 0.3 mg/kg s.c.; High 1.0
mg'kg s.c). Survival was observed every 2 hours. Statistical analysis was performed by
Log rank test based on Graphpad Prism 6.0 {n = 10, 10, 10, 11).

Referring to FIGURE 138, CSTBL/6J (6 week-old male) mouse treated with LPS
{15 mg/kg i.p.) and treated with a given dose of VLA-dCNP (Low 0.1 mg/Kg s.c.; Medium
0.3 mg/kg s.c.; High 1.0 mg/Kg s.c.). Survival was observed every 2 hows. Statistical
analysis was performed by Log rank test. (o= 11, 10, 11, 11). VLA-dCNP had protective
effect on LPS-induced sepsis.

Table 1. VLA-dCNP had protective effect on LPS-induced sepsis mortality.
Shown 1s the % survival by hours. Balb/c (11-week male) mice were treated with LPS (10
mg/kg i.p.) and treated with each dose of VEA-AUNP (L 0.1 mg/kgs.c . M; 0.3 mg/kgs.c.;
H; 1.0 mg/kg s.c.}, native C-type natrigretic peptide or CNP (High 1.0 mg/kg 5.¢.), CNP
derntvative or dCNP (High 1.0 rog/kg s.¢.). B-Type natriuretic peptide or BNP (High 1.0

mg/kg s.¢.), Anti-Tumor necrosis factor alpha antibody or TNFa ab (1.0 mg/kg s.c.), and
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cyclic-GMP degradation mhnbitor or PDES inhibitor called Vardenafll (VDN) (1.0 mg/kg
s.c.}). Survival was observed every 2 hours (FIGURES 13A and 13B). First mortality
observed was in Halicized and boid and the last ohservation survival % was in bold in the
table.

Table 1. Percent amimal survival over time showing VLA-dCNP had protective

effect on LPS-induced sepsis.

Percent animal survival at various time after LPS administration
L M; H;
H: H, VLA- VELA- VLA- | H; H: TNFo

Control | NP dCNP  { dCNP [ dCONP | dONP | ANP BNP ab VDN
1s | (=l =10 | (=10) | (=10 | (0=10) | (p=11}) | (o=10) | (u=10) | (s=10) | (n=10)
3] 100 1O0 100 100 100 100 100 100 100 100
2 100 100 100 100 100 100 100 100 100 100
3 58 30 100 160 100 100 100 100 100 100
5 10 360 30 100 100 100 24 160 100 100
G 10 30 50 100 100 100 20 [ 76 11
7 3] 10 10 100 o7 100 60 60 70 60
8 G 10 16 100 6 100 30 79 40 20
9 3 {0 10 [ 76 100 30 20 40 20
¢ ¢ 16 10 il 76 100 10 10 ¢ 0
1 ] ] [ 49 36 73 18 14 ] g
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Example 14. VLA-JCNP decreased fibrotic area inthe lung indicating resolution of

Idiopathic Pulmonary Fibrosis (IPF)Y

Male CSTBL/6 mice {6 week} were purchased from Kyudo (Saga, Japan) and
maintained under a 1 2-hour light/12-hour dark cvele with free access to water and standard
mouse diet {MF diet; Oriental Yeast Co., Ltd. Tokyo, Japan) Mice were treated with
bleomycin (Nippon Kayakua Tokvo, Japan; 1.0 mg/kg mtratracheal adnmunistration}). VLA~
JONP {described in Example 1) (0.3 or 0.1 mg/kg, 5 times/week, subcutaneous bolus
administration} was administered from 7th day after bleomaycin admirstration. After 21
day from bleomvcin treatment, mice were sacrificed under isoflurane anesthesia and lung
tissue was harvested and fixed by 4% paraformaldehvde (Fup film, Tokvo, Japan). Paraffin
section of fixed hung tissue was stained by Masson's Trichrome Stain reagent (Kyodo
Byori, Kobe, Japan) (B). Masson's Trichrome Stain showed decrease in fibrotic area in the
fung tissue. Fibrosis area was measured by using fmage J (NIH, Bethesda, Marvland, USA)
{A). Statistical analysis was based on Dunnett's multiple comparisons test performed by
using GraphPad Prism 6 (GraphPad Software Inc. San Biego, A, USA).

Referring 1o FIGURE 14A, VLA-ACNP decreased fibrotic area in the lung
mdicating resolution of idiopathic pulmonary fibrosis (IPF), or interstitial hung disease
(LD} Male {37BL/6I mice {6 week} were treated with bleomyem (1.0 mg/kg
intratracheal administration) and treated with each dose of VLA-dCNP (0.1 mg/kg s.c. and
0.3 mg/kg s.c). VLA-dCNP was administered at 7" day after bleomycin administration {5
times/week). At 21% dav, mice were sacrificed, and tung tissue was harvested and
performed Masson's Trichrome staining. Statistical avalysis was based on Dunoett's test
performed by using GraphPad Prism 6. (n =5, 8, 9, 7; Negative Control, Control, VLA-
dUNP 0.1, and VLA-dCNP 0.3, * P <0.05 vs Control ). FIGURE 14B show the Masson's

trichrome stamed lung tissue samples of FIGURE 14A,

Example 15 VLA-dCNP decreased cell numbers and protein levels and attenuated TNFg

and 1L-6.1n BALF {rom Acute sxacerbations of idiopathic pulmonary fibrosis (JFF-AE)

model
Considering 1L-6 is upregulated in the patient with IPF-AFE {American Journal of
Physiology; Lung Cellular and Molecular Physiology, 2010 299 L.3-L7) and TNF o showed
a trend towards statistical significance in the patient with IPF-AE (PLoS One, 2015

1011320116775}, Together, VLA-ACNP has potential beneficial effect on the patient with

97



WO 2021/252910 PCT/US2021/037031

o4

10

15

[
e

30

IPF-AE. Male C57BL/SY mice (6 week} were purchased from Kyudo (Saga, Japan} and
maintained under a 12-hour light/12-hour dark cycle with free access to water and standard
mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokvo, Japan). Mice were treated with
bleomycin (Nippon Kavake Tokyvo Japan; 1.0 mg/kg intratracheal admunisiration). After
3 weeks, mice were treated with LPS (0.05 myg/kg intratracheal administration Sigma
Aldrich, St. St. Louis, MO, USA) and treated with each dose of VLA-dCNP (described in
Example 1) (Medium 0.3 mg/kg s.¢.; High 1.0 mg/kg subcutaneous bolus adminisiration.}.
VLA-dCNP was administered right after LPS adnunistration.  After 24 hours from
treatment, mice were sacrificed under isoflurane anesthesia and then bronchoalveolar
favage fhuid (BALF) was harvested. The total cell number in BALF was counied with
counting chamber. Total protein concentration in BALF was measured with PierceT™
BCA Protein Assay Kit (Thermo Fisher Scientific). Fach cytokine concentration
Interleukin~6 (IL-6), Tissue Necrosis Factor o (TNF-u) was measured with commercially
available Time Resolution FRET Kits (Cisbio, Bedford MA}.

Referring {o FIGURE 15A, VLA-JCNP decreased cell numbers in BALF from
Acute exacerbations of idiopathic pulmonary fibrosis (IPF-AE) model.  Referring to
FIGURE 158, VLA-AUNP decreased protein levels in BALF from Acute exacerbations of
idiopathic pulmonary fibrosis (IPF-AFE) model. Referring to FIGURE 15C, VLA-dCNP
attenuated 1L-6 in BALF froro acute exacerbations of whiopathic pulmonary fibrosis (IPF-
AE) model. Referring to FIGURE 15D, VLA-dCNF decreased cell numbers and protein
ievels and attenuated TNFo in BALF from acute exacerbations of idiopathic pulmonary
fibrosis (IPF-AFE) model.

Example 16, VLA-dCNP decreased tubular injury in cisplatin {CDDP) induced acute
kidney inpury (AKD).

Referring to FIGURES 16A and 16B, VLA-dCNP decreased tubular imjury in the

cisplatin (CDDP) mduced Acute Kidney Injury (AKI}

C57TBL/6T mice (8 weeks old, male, n = 8,7 8/group) were purchased from Kyudo
{Saga, Japan) and maintained under a 12-hour light/12-hour dark cycle with free access (o
water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokvo, Japan). Mice
were treated with CDDP (TCI Tokyo Japan; 6 mg/kg b.ow. IP saline{Gisoka Pharmaceutical,
Tokushima, Japan)) at day 2, day 9 and day 16 and VLA-dCNF (described in Example 1)

(0.3 mg/kg) in buffer (methionine 100 mM (Tokyo Chemical Industry Co., Ltd., Tokyo,
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Japany; sucrose 100 mM {Tokyvo Chemical Industry Co., Lid.}; histidine 50 mM (Tokyo
Chemical Industry Co, Ltd.}; in H2O (Otsuka Pharmaceutical, Tokustuma, Japan)) or
buffer (for control group) (subcwtansous injection under isoflurane anesthesia, 5
times/week). Mice were sacrificed at day 19 under isoflurane vapor. Kidney were fixed
by paraformaldehyde. Deparaffinized tissue sections were immersed in 0.3% orthoperiodic
acid for 7 minutes at room temperatire and washed by purified water for 2 minutes each 2
fimes and sections were stained with Schiff's reagent for 15 minutes at room temperature.
After that, sections were immersed in sulfite water (10% sodium hydrogen sulfite 10 mi,
IN hvdrochloric acid 10 mL, purified water 180 mL} for 2 munutes each 3 times at room
temperature and washed by running water for S minutes. Finally, sections were stained
with Mayer's hematoxvlin solution for 4 minutes at room temperature and washed by
runiting water for 5 minutes and kidney injury were evaluated by using a fluorescence
microscope with brightfield mode (BZ-X700, Kevence Tokyo, Japan), the magnification

was x20.

ey

Exam

e 17. VLA-JCNP and long acting UNP suppress liver enzyvimes and

inflammation/fibrosis markers in disi-induced liver fibrosis

This Example employs a choline-deficient, amino acid-defined, high fat diet model
known to rapidly induce fibrosis. See, e.g., Matsumoto er.o/., Int J Exp Pathol. 2013 Apr;
94(2):93-103, mncorporated herein by reference in ifs entirety.  Asparate transaroinase
{AST) elevation shows damage in liver, or other organs that can sustain inflammation and
fibrotic process. Alanine transaminase (ALT) elevation indicates a liver injury that can
sustain inflanmunation and fibrotic process of the liver. Activated hepatic stellaie cells,
which are the main collagen producing cells in liver fibrogenesis, display an increase in
alpha-Smooth Muscle Actin {g-SMA} during fibrogenesis. Additionally, liver tissue shows
an wnerease it inflanmmation markers such as tumor necrosis factor alpha (TNFo) and
monocyte chemoatiractant protein 1 (MCP-1} during the process of fibrogenesis. All these
markers (AST, ALT, a-SMA, TNFq, and MCP1} were suppressed when the subject was
given a high bolus dose (1mg/Kg) of long acting CNP derivatives and mediurn bolus dose
{0.3mg/Kg} and high bolus dose (1mg/Kg) of VL A-dUNP (described in Example 1). Taken
together long-acting CNP  derivative and VLA-dCNP suppressed tissue injury,

inflammaation, and the fibrotic process.
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Referring to FIGURES 17A-17E, VLA-ACNP and long acting CNP suppressed
Liver enzymes and inflammation/fibrosis markers in diet-induced liver fibrosis. FIGURE
17A shows a significant decrease in liver enzvme aspartaie aminotransferase {AST);
FIGURE 17B shows a significant decrease in liver enzyme alanine aminotransferase
{ALT) FIGURE 17C shows significant decrease in alpha smooth muscie actin (a-SMA), a
marker of fibrotic cells; FIGURE 17D shows significant decrease in tumor necrosis growth
factor alpha {TNF-a), a marker of inflammation inducing fibrosis; and FIGURE 17E shows
significant decrease in monocyies chemoatiractant protein 1 (MCP-1), mediator of
macrophage induced mflammation in Hiver tissue, when the subject 1s administered with
fong-acting CNP derivative and/or VL A-ACNP.

In this study, CS7BL/6] mice (6 weeks old, male, n = 10/group) were purchased
from Kyudo {Saga, Japan) and maintained under a 12-hour light/12-hour dark cycle with
free access to water and standard mouse diet (MF diet; Onental Yeast Co., Ltd. Tokyo,
Japan) or Choline-deficient, amino acid-defined high fat diet, (CDAHFD) (Research Diet,
New Brunswick, NJ). Mice were treated with and VLA-ACNP (0.1, 0.3, or 1.0 mg/kg),
dCNP (0.1, 0.3, or 1.0 mg/kg), and CNP (0.1, 0.3, 1.0 mg/Kg) in buffer 100 mM (Tokyo
Chemucal Industry Co., Ltd.}; histidine 50 mM {Tokyvo Chemical Industty Co., Ltd); in
H,O (Otsuka Pharroaceutical, Tokustuma, Japary) or buffer (for coutrol group)
{subcutaneous bolus yection under isoflurane anesthesia over less than 30 seconds, 5
times/week (week-day only administration) for two weeks starting on Day 5%
Blood/plasma samples were collected from cardiac puncture under isoflurane and liver was
harvested after the puncture at Day 17 {at 8.5 weeks old). AST and ALT were evaluated
using enrvme substrate assay (Fuji film, Wako, Japan).

Example 18 Long-acting CNP derivatives {dCNP) and VLA-dCNP decrease kidney

fibrosis and improve kidney function i gisplatn mnduced acute kadney muury

Cisplatin is a common potent chemotherapeutic agent for the treatment of cancer,
but the dose-limiting side effect is nephrotoxicity teading to acute kidney njury. Serum
creatinine provide an ndication of how well the kidneys are working. The albumin-to-
creatinune ratio in urine can provide a more accurate indication of the how much albumin
is being released into the urine. The presence of a small amount of albumin in the urine

can be an early mdicator of kidoey disease.
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Renal tissue mnjury initiates inflaromatory and fibrolic processes that occur to
promote regeneration and repair. After renal injury. damaged tissue releases cytokines
{(TNF-q, tumor necrosis factor-a; 1L{s), interlevkin{s}, and TGF-B, transforming growth
factor-By and chemokines (SDF-1, stromal cell-derived factor-1; MCP-1, monocvte
chemoattractant protein-1; CCL2: CX3CL1, Fractalkine; and CXCL10, C-X-C motif
chemokine 10) which stimulate activation and infiltration of inflamnmatory cells
{Neutrophils; Monocytes; M, macrophage; NK cells, natural killer cells; T cells; B cells)
to the kidney. Normal tissue repair processes ocowr simultanecusly with activation of
myofibroblasts, collagen deposition, and wound healing responses; however, prolonged
activation of proinflammatory and pro-fibrotic cell types (Fibroblast/Fibrocytes,
Myofibroblast/Pericyies) causes excess extracellular matrix deposition (see, e. g, Black ef
ai., Renal Inflammation and Fibrosis: A Double-edged Sword, Joumal of Histochemistry
& Cytochemistry 2019, Vol 67(9) 663-681, incorporated herein by reference in its
entirety), leading to chronic kidney disease (CKD). See. e.g. Foghainin O hAinmhire,
Benjamin D. Hamphreys; Fibrotic Changes Mediating Acute Kidney Injury to Chronic
Kidney Disease Transition Nephron 2017,137:264-267, incorporated herein by reference
m its entirety.

The therapeutic agents used for cancer treatment can cause damages t0 major organ
systems, including the heart {i.e., cardiotoxicity), hungs (e.g., pulmonary fibrosis), and bone
{e.2., bone marrow suppression). Cancer and its {reatment can increase the likelihood of
acute kidney injury that can lead to fibrosis and chronic kidney disease. Cancer cells can
cause urinary tract obstruction that leads to acute kidney injury leading to inflammation.
and fibrosis {e.g., prostate or urothelial cancer, cancer of the uterus or ovary, compression
of the wrinary tract by retroperitoneal node enlargement, a tumor mass, and/or
retroperitoneal fibrosis). Systermic anticancer treatment can damage the kidney directly
{e.g., cisplatin-induced necrosis of the proximal tubule} or indirectly {e g.. methotrexate-
induced crystal nephropathy and tumor lysis syndrome) both leading to inflammation,
fibrosis, and chronic kidney disease. acute kidney njury is a serious adverse drug reaction
of conventional cvtotoxic chemotherapeutic agents and can affect the efficacy of cancer
treatment and the survival of the patient. See, e.g., Perazella M A, Onco-nephrology: renal
toxicities of chemotherapeutic agents. ClinJ Am Soc Nephrol 2012, 7: 1713-21; Malvszko

ef al., Kozlowska K, Kozlowski L, Malyszko J. Nephrotoxicity of anticancer treatment.
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Nephrol Dial Transplant 2017, 32: 924-36.  Cisplatin, which is used as part of
chemotherapeutic regimens for a wide array of different cancers, can cause acute kidney
injury in 20-30% of cases due to mitochondrial damage from reactive oxygen species. See,
e.g., Miller ef o/, Mechamsms of cisplatin nephrotoxicity. Toxins (Basel} 2010; 2: 2490-
518; and Brooks ef al , Regulation of mitochondrial dynamics in acute kidney injury in celi
culture and rodent models. J Clin Invest 2009; 119: 1275-85. Cisplatin accumulates in the
$3 segment of the proximal tubule and promotes glutathione depletion and high amounts
of mitochondrial reactive oxygen species. This accunmulation could be related to the
sefective uptake of cisplatin via active basolateral-to-apical transporters, such as CTR1 and
SLC22A2 (previously known as OCT2), which are both expressed on the basolateral
membrane of the 83 segment.

Another notable adverse effect of cisplatin is hearing loss or ototoxicity.
Otoptoxicity results from similar mitochondrial damage from reactive oxvgen species
{ROS) that occurs in the inner ear upon exposure to cisplatin leading to inflamnmation. See,
e.g, Yu ef al, Current Strategies to Combat Cisplatin-Induced OGtotoxicity Front.
Pharmacol., 03 July 2020. Studies show that ROS could stinmdate cochlear inflammation.
Inner ear Inflammmation may tnigger inner ear cell death through endoplasmic reticulum
stress, awtophagy, and necroptosis, which induce apoptosis. See, eg., Sheth ef o/,
Mechanisms of Cisplatin-Induced Ototoxictty and Otoprotection, Frontiers in Cellular
Neuroscience, 27 Oct., Vol 11, 2017,

FIGURE 18A shows significant improvement in kidney function based on decrease
in serum creatinine; FIGURE 18B shows significant improvernent in kidney function based
on decreased albumin level in wrme by calculating albumin-to-creatinine ratio; FIGURE
18C shows significant decrease in % fibrosis area in kidney; Fibrosis area was measured
by using fmage J (NIH, Bethesda, Marviand, USA), FIGURE 18D 15 a sertes of
representative images of Masson's Trichrome (MT) stain of kidneys. Magnification i1s X20.
In this Masson's Trichrome stain, nucleus is stained with iron hematoxylin (brown/black
color n the image), cvioplasm is stained with acid fuchsin (pink/red color 1 the iroage),
and collagen fibrotic area is stained with aniline blue {blue color in the image).

In this study, mice were treated with CDDP {TCT Tokyo Japan; 10 mg/kg bw. 1P
saline (Otsuka Pharmaceutical, Tokushuma, Japary) at day 0, day 7, day 14, and day 21 and

CNFP (fow dose (L} 0.1 mg/Kg; and high dose (H): 1.0 mg/Kg), dUNP {described in
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Esample 13 ¢(L: 0.1 mg/Kg: and H: 1.0 mog/Kg), or VEA-ACNP (described in Example 1)
(L: 0.1 mg/Kg; and H: 1.0 mg/ke) in buffer {methionine 100 mM (Tokyo Chemical
Industry Co., Ltd., Tokvo, Japan}; sucrose 100 mM (Tokyo Chemical Industry Co., Lid ),
histidine 50 mM (Tokyo Chemical Industry Co., Lid}; in Hy0 (Otsuka Pharmaceutical,
Tokushima, Japar)) or buffer (for control group) (subcutaneous bolus injection under
isoflurane anesthesia over less than 30 seconds, 5 times/week for 4 weeks). In this study,
negative control is no CDDP inductions and administered buffer for S times/week for 4
weeks. Blood/serum samples were coliected from cardiac puncture under isoffurane at Day
28. Serum Creatinine, BUN, and Urine creatine were measwred by colonmetric method
{Arbor Assavs, Ann Arbor M}, (Thermo Fisher Scientific, Waltham MA), and (R&D
systems, Detroit, MIN) respectively. Urine samples were harvested, and kidnev were fixed
by paraformaldehyde. The kidney section was stained with Masson's Trichrome stain and
fibrosis area % was evaluated by using a fluorescence microscope in brightfield mode (BZ-
X700, Kevence Tokyo, Japan), the magnification was x20. In this Masson's Trichrome
stain, nucleus is stained with iron hematoxylin (brown/black color in the image), cyioplasm
is stained with acid fuchsin (Pink/red color in the image), and collagen fibrotic area is
stained with aniline blue (blue color in the image). The fibrosis area % calculation was
done as follow. First, the area of the tissue was calculated by (total pixels-pixels m an
erupty area {ihe highest brighiness ares), then the difference in blue light intensity nunus
red light intensity was calculated by the Image J to convert it to pixels. In the end, the
fibrosis area (%) = (fibrosis area/total tissue area) x100. Statistical analvsis was based on
Student's t-test performed by using GraphPad Prism 6. *P<0.0S or ¥*P<0.01 vs. control.

Example 19. Both lone acting CNP derivative (dUNP) and VL A-dONP suppress fibrosis

in Mleomvein-induced acuie exacerbations of idiopathic pulmonarv fibrosis {AE-IPF)

model 1o wice
Acute exacerbation of IPF (AE-IPF} is defined as sudden acceleration of the disease
or progressive form of lung disease of unknown etiology. See, e.g., I Thorac Dhs 2018 7(3}
499-519. Hydroxyproline is a major component of the collagen and plays a key role in the
stability of the collagen triple helix. In this study, 1t was used to assess collagen content in
the lung tissues.
FIGURE 19A shows a significant decrease i fibrosis based on a decrease in

hydroxyproline, a major component of the collagen, in lung tissue; FIGURE 198 shows a
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significant decrease in the % fibrosis area in lung-based quantification of evaluation of
histological Masson's Trichrome staining of lung tissue sections. Fibrosis area was
measured by using Image § (NIH, Bethesda, Marvliand, USA}, FIGURE 19C chows
representative images of Masson's Trichrome (MT) stained kidneys at magnification is
X20.

In this study, male C37BL/6J mice (6 week old, male, n=6/group} were purchased
from Kyudo {Saga, Japan) and maintained under a 12-hour light/12-hour dark ¢yele with
free access to water and standard mouse diet {MF diet; Oriental Yeast Co., Ltd. Tokyo,
Japan). Mice were treated with bleomycin (Nippon Kavaku Tokyo Japan; 1.0 mg/kg
intratracheal administration). After 2 weeks, mice were treated with LPS {(0.05 mg/kg
mitratracheal administration Sigma Aldrich, 8§t Lows, MO, USA) and treated with each
bolus dose of UNP (0.3 mg/Kg), dUNP (described in Example 1} (0.3 mg/Kg), or VLA-
JCNP (described in Example 1) (0.3 mg/Kg) m buffer (methionine 100 M (Tokyo
Chemical Industry Co.. Ltd., Tokyo, Japan); sucrose 100 mM (Tokyo Chemical Indusiry
Co., Ltd); histidine S0 mM (Tokyo Chenucal Industry Co., Ltd) m H,O (Otsuka
Pharmaceutical, Tokushima, Japan)} or buffer {for control group) {(subcutaneous bohus
mjection under isoflurane anesthesia). Test articles and control were administered one day
before LPS for 3 consecutive days. The day after the last treatment, the animals were
euthanized, and part of the lung was harvested and the other part was fixed with
paraformaldehyde.  The part of the lung (20mg} was homogenized and extract was
measured for hydroxyproline (Abcam Cambridge, UK). The fixed lung section was stained
Masson's Trichrome stain and evaluated by using a fluorescence microscope with
brightfield mode (BZ-X700, Keyence Tokyo, Japan), the magnification was x20. In this
Magson's Trichrome stain, nucleus 1s stamned with iron hematoxylin (brown/black color in
the image). cvtoplasm is stained with acid fuchsin (Pink/red color in the umage), and
collagen fibrotic area is stained with aniline blue {blue color in the image). The fibrosis
area % calculation was done as follow. First, the area of the tissue was calculated by {(total
pixels-pixels in an empty area (the highest brightness area), then the difference o blue light
mtensity minus red light intensity was calculated by the Image I to convert it to pixels. In
the end, the fibrosis area (%6} = ({ibrosis are/total tissue area) x100. Statistical analysis was

based on Student's t-test performed by using GraphPad Prism 6. *P<0.05 vs. control
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Example 20. Pharmacokinsiic profils of long aciing CNP denvative s (dCNP-s1iand

CINP derivative s2 {dCNP-s23 from a bolus adnunisiration showed sustain presence in the

Referring to FIGURE 20, shown is a graph of plasma CNP [mean (SEM); n= 5} in
{D-1 nuce after subcutaneous bolus adnmunistration of 2.0mg/Kg of CNP derivative sl
{dCNP-sl), and ONP derivative 32 (dCNP-s2). For comparison, the inset shows the low
plasma level of CNP (diamond) when native CNP was admunistered. Error bars represent
standard error of the mean of n=5 plasma samples. Baseline NP level prior o
administration was ¢.391 (0.02) ng/mb. [mean {(SEM}; =10}, Long acting dCNP-sl and
ACNP-s2 provides 10-fold higher blood level of CNP in a sustain manner (at least 8 hours}
than native CNP when given at similar dose weight/Kg dose.

For this pharmacokinetic study, all animals (mice) for this study were mamtained
under a 12-hour hight/1 2-hour dark cycle with free access to water and standard roouse diet
{Lab Pico Rodent #5033; Ammal Specialties, Woodbwn, OR). Male CD-1 mice {6-8
weeks old; Charles River, Hollister, CA} were treated with 2.0 mg/Kg of CINP derivative
31 (dCNP-st; PharmalN Corp, Bothell, WA), and ONP derivative 82 (dCNP-s2; PharmalN
{Corp, Bothell, WA) via subcutaneous administration between the shoulder blades. Al test
articles were formulated or dissolved in 100 mM sucrose, 100 mM methioning, 50 mM
histidine, pH 7.4, Blood sarophing at various tivees {0 hour, 0.5 hour, 1 hour, 2 hours, 4
hours, 6 hours, 8 hours, and 24 hours} was performed by retro-orbital bleed, two bleeding
per animal at two different timepomnts. Blood samples were processed in K2ZEDTA tubes
o obtain plasma. Plasma was analyzed by commercially available CNP ELISA kit from
Phoenix Pharmaceuticals {(cat# EKE-012-03). CNP 15 a native human CNP
{GLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO. 10} and dCNP-s1 and dUNP-s2 are
derivatives of human CNP with the following sequences: HOC{=0HCH,y ) ,C(=0)-Acea-
Aeea-GCFGLKLDRIGShomoQSGLGC [SEQ ID NO. 21, and HOC=0)CH) )1, CE=0)-
vE-Aeea~-Aeca~-GUFGLKLDRIGShomoQSGLGC [SEQ D NO. 201, each with a disulfide
bond between the 2 cysteine residues, and where homo(: homoGlutamine residue; Aeea:
2-2-(2-aminoethoxy jethoxv]acetic acid residue, where the amino and carboxylic acid
groups are used in forming amide bonds to provide the NP derivatives;
HOCEOXCH) 1 C(=0)- was derived from octadecadioic acid; vE: gamma glutamic acid

residue.
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By example and without limitation, embodiments are disclosed aceording to the
following enumerated paragraphs:

Al A method of treating a subject having a lung, liver, and/or kidneyv injury, or
a symptom associated with a fung, liver, and/or kidney injury, comprising:

administering to the subject a therapeutically effective bolus dose of a composition
comprising a long acting CNP, a long acting CNP derivative, a long acting NPRB agonist,
a very long acting CNP, a very long acting ONP derivative, a very long acting NPRB
agonist, a long acting CNP agonist, a very long acting CNP agonist, or any combination
thereof,

wherein the composition does not decrease blood pressure by more than 20% {e.g.,
by more than 15%, by more than 10%, or by more than 5%) of a baseline blood pressure
measurement taken prior to administration of the therapeutically effective bolus dose of the
coroposttion,

wherein the composition increases plasma cyclic-GMP level at from 1 hour to 12
hours {e.g., 2 t0 12 houss, 4 to 12 hours, 1 how t0-24 howrs, 2 t¢ 24 howrs, 4 to 24 hours, 1
hour 10 84 hours, 2 to 84 hours, 4 t0 84 hours, 12 10 84 hours, 1 hour to 168 hours, 210 168
hours, 4 to 168 hours, or 12 to 168 hours) after adnunistration to above 1.5x of a baseline
plasma cyclic-GMP level, the baseline plasma cvelic-GMP level is an average plasma
cyclic-GMP level prior to admanistration of the composition or the average plasma cyclic-
GMP level of a healthy subject (preferably the average plasma cyclic-GMP level prior to
administration of the composition for the subject), and

wherein the lung, liver, and/or kidney injury, or the symplom associated with lung,
kidney, and/or kidney mjwry is selected from

i) acute hung injury (ALI),

it acute respiratory distress syndrome (ARDS),

it} pulmonary edema,

v} elevated level of inflammatory cells in the lung,

V) increased level or expression of inflamnmatory cviokines in the lung as
compared to healthy lung,

vi) increased protein level in long alveolar space as compared (o healthy hung,
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vity  low arterial blood oxygenation, wherein low arterial blood oxygenationis a
blood Pa02 of below 60 mm Hg and/or a blood hemoglobin oxygen saturation (Sp2) of
below $0%,

Viit)  pneumonia,

X} fibrosis,

X} kidnev injury,

and any combination thercof {e.g., a combination of two, three, four, five, six,
seven, eight, nine, or ten of 1} to x}).

A2, Themethod of Paragraph Al wherein the long acting CNP derivative or the
very long acting ONP derivative comprises U-GLSKGCFGLKLDRIGSMSGLGC [SEQ
> NO 2], U-GLSKGCFGLEK(ULDRIGSMSGLGC {SEQ  ID NO. 31,
GLSKGCFGLK{ULDRIGSMSGLGC [SEQ 1D NO. 4], U-CFGLKLDRIGSxSGLGC,
where X 15 a natural or unnatural aroine acid residue [SEQ ID NG, 11}, or any combination
thereof,

wherein:

U 1s a motety of Formula (I3 or (IT), where Formula (T) is
(aliphatic),-(X)-;
B
wherein
ais O or | {preferably ais 1);
altphatic is an optionally substitted €y 54 cham (2.2, an optionally
substituted .04 chain, an optionally substituted C5.14 chain}, covalently bound to X via
a chemical linkage, such as a carbonyl {e.g.. as part of an amide or an ester linkage), a
thivether, an ether, a thioether, a carbamate moiety, a bond, or the like with X preferably
via a carbonyl as part of an arside or an ester linkage: or more preferably via a carbooyl as
part of an amide linkage with X;
X is a 1-10 amino acid residue or peptide sequence, wherein each
amino acid residue is independently selected from lvsine (K}, arginine (R), glvcine (G),
alanine (A). glutanuc acid (E), and aspartic acid (D); or
X 15 a linker (YE} (B )y
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wherein B is a 1-8 amino acid residue sequence wherein each amino
acid residue is independently selected from 2-[2-(Z-aminoethoxy)ethoxylacetic acid
residue, Gly, Ala, Ley, Ser, Arg, and Lys;

mis0,1,2 0r3

nisQ, I, 2, or 3; and

thesumofmandnisatleast 1,

and Formuda (313 i3
(polymer),~(Y)-:
(i)
wherein

ais 0 or 1 {preferably ais I}

polymer is celiulose, polv{ethylene glyvcol) (PEG), methoxy
poly{ethylene glyeol) (MPEG), poly(Jactic-co-glvcolic acid), polv{N-viny! pyrrolidone), or
a derivative thereof]

Y s

a 1-10 amino acid residue or peptide sequence, wherein each amino
acid residue is independenily selected from lysine (K}, arginine (R}, glvcine (), alanine
{A), glutamic acid (E), and aspartic acid (D);

a non-arno acid hinker comprising an ester, ao aroide, a thioether,
an ether, a thioether, a carbamate moiety, or a combination thereof]

an aming acid residue-containing linker, whergin the amino acid
residue is covalently attached to (polvmera; or

apeptide linker different from the 1-10 amino acid residue or peptide
sequence.

A3, The method of Paragraph AZ, wherein Y is a linker (yE};~(B),,, wherein B
is a 1-8 anuno acid residue or peptide sequence wherein each amino acid residue is
independently selected from 2-[2-(2-aminoethoxy}ethoxylacetic acid residue, Gly, Ala,
Leu, Ser, Arg and Lys;mis 6, 1,2, 0r 3,015 0, 1, 2, or 3; and the sum of mand n 15 at
feast 1.

A4, The method of any one of Paragraphs Al o A3, wherein the long acting
CNP  denvative or the verv long acting CONP  derivative comprises U-

GLSKGCFGLKLDRIGSMSGLGC [SEQ D NO. 21 U-
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GLSKGCFGLK(ULDRIGSMSGLGC [SEQ D NO. 31,
GLSKGCFGLEK(ULDRIGEMSGLGC [SEQ ID NO. 4], U-CFGLKLDRIGSxSGLGC,
where x is a natural or unnatural aming acid residue {SEQ ID NQ. 12], or any combination
thereot’ and;
wherein:
U 1s a moiety of Formula (1), where Formula (f) is
{aliphatic},~(X}-:
(H
wherein
ais O or 1 {preferably ais 1);
aliphatic is an optionally substituted Cyg_54 chain{e.g., an optionally
substituted C,. ;g chain}, covalently bound to X via a chemical linkage, such as a carbonyl
{e.g., as part of an anude or an ester linkage), a thuoether, an ether, a thioether, a carbarnate
maoiety, a bond, or the like with X; preferably via a carbony! as part of an amide or an ester
iinkage; or more preferably via a carbony! as part of an amide linkage with X;
X is a 1-10 amino acid residue or peptide sequence, wherein each
amino acid residue is independently selected from lysine (K), arginine (R), givcine (G).
alanine (A}, glutamic acid {E), and aspartic acid (D); or
X s a inker (YEm-(Bh,
wherein B is a 1-8 amino acid residue or peptide sequence wherein
each amino acid residue is independently selected from 2-]2-(Z-aminoethoxy)ethoxy facetic
acid residue, Gly, Ala, Leu, Ser, Arg, and Lys;
mis 0, 1,2, or3;
nis G, 1, 2, or 3; and
the sum of m and v is at least 1.
A5, The method of any one of Paragraphs AZ to A4, wherein X is a 4-7 amino
acid sequence, wherein each aming acid residue 15 independently selected from lysine (K},
arginine (R), and glycine (G), or
X 15 a linker (yE),~(B)y, wherein B 15 a 1-8 amino acid residue sequence whereim
each amino acid residue 13 independently selected from 2-{2-(2-aminoethoxy Jethoxy Jacetic
acid residue, Gly, Ala, Ley, Ser, Arg, and Lys; mis 0, 1,2, or 3; 018 0, 1, 2, or 3; and the

sum of m and n is at least 1.
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A6, The wethod of anv one of Paragraphs Al to A3, wherein the long acting
CNP  denvative or the very long acting CNP  derivative comprises U-
GLSKGUFGLKLDRIGSMSGLGC [SEQ 1D NO. 2,

wherein:

U is {aliphatic),-(X)-;
wherein
ais i
aliphatic is an optionally substitated €494 chain {e.g., an optionally
substituted Cy.4 chain, an optionally substituted C 5.5 chamn}, covalently bound to X via
a chemical linkage, such as a carbonyl {e.g., as part of an amide or an ester linkage), a
thioether, an ether, a thioether, a carbamate moiety. a bond, or the like with X; preferably
via a carbony! as part of an amude or an ester linkage; or more preferably via a carbonvl as
part of an aroude hinkage with X and
X is a 1-10 amino acid residue or peptide sequence, wherein each
aming actd residue 15 independently selected from Ivsine (K}, arginine (R), glvcine {G),
alamne (A), glutamic acid (E), and aspartic acid (D); or
X is a Hoker (vE}~(B)y, wherein B is a 1-8 amino acid residue or
peptide sequence wherein each amino acid residue 1s independently selected from 2-{2-(2-
aminoethoxy Jethoxylacetic acid residue, Gly, Alg, Leu, Ser, Arg, and Lys; mis 0, 1, 2, or
3:nis 0, 1, 2, or 3; and the sum of m and n is at least 1.

A7.  The method of any one of Paragraphs A2 to A6, wherein aliphatic does not
comprise a siraight or branched optionally substitited € ¢ chain {e g, an optionally
sabstituted Cs g alkyl-C(=0}- moilety, and/or an oplionally substituted C,_q allyl that s
covalently bound to the peptide via a linkage such as a thioether, an ether, a thiogther, a
carbamate moiety, a bond, or the like).

A8, The method of any one of Paragraphs Al to A7, wherein the long acting
CNP derivative is selected from

CHR{CH R CEOIKKKKGGGGLSKGUFGLKLDRIGSMSGLGC [SEQ 1D NO.
sk

CH3{CH) (s CEOIKKKKGGGGLSKGCFGLKLDRIGEMSGLGC [SEQ 1D KO
6L
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CH3{CH,) 15C(=0)KKRK GGGGLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO.

7L

CH5(CH, ) CEOR KKK GGGOLSKGOFGLKLDRIGEMSGLGC [SEQ ID NO.
3],

CHR{CHy)p CECKKRKGGGGLSKGOFGLKLDRIGSMSGLGC [SEQ ID NO.
9k

HOCEOKCH, ) ,L(=0-vE-Acea-Aecea-GCFGLKLDRIGShomoQSGLGC
comprising a disulfide bond between the cysteine residues {SEQ 1D NO. 20}; and

HOCEOHCH) ) sC(=0)1-Acea-Acca-GCFGLKLDRIGShomo QS GLGC
comprising a disulfide bond between the cysteine residues [SEQ ID NG, 211

A9 The method of any one of Paragraphs Al to A%, wherein the long acting
CNP desivative 18 CHR(CHy)  CEORKKKGGGGLSKGCFGLKLDRIGSMSGLGC
[SEQ D NO. 5L

A10.  The method of any one of Paragraphs Al to AR, wherein the long acting
CNP denivative i3 CH3(CH) s CEOKRERKGGGGLSKGCFGLELDRIGSMSGLGC
[SEQ ID NQ. 6]

A1l The method of any one of Paragraphs Al to A8, wherein the long acting
CNP denvative s CHR(CH,) 1o CEORKKKGGGGLSKGCFGLKLDRIGSMSGLGC
[SEQIDNG. 7L

A12. The method of any one of Paragraphs Al to AR, wherein the long acting
CNP denivative i3 CH3(CH, ) CE0KREKGGGGLSKGCFGLELDRIGSMSGLGC
[SEQIDNQ 8]

A13. The method of any one of Paragraphs Al to A8, wherein the long acting
CNP denvative s CHi(CH, ) CEORKKKGGGGLSKGCFGLKLDRIGSMSGLGC
[SEQ D NGO, 9].

Al4. The method of any one of Paragraphs Al to A8, wherein the long acting
CNP derivative is HOC(=0WCH, ) o C(=0)-yE-Aeea-Aeea-
GCFGLKLDRIGShomoQSGLGC comprising a disulfide bond between the cvsteine
restdues [SEQ 1D NO. 201

A15. The method of any one of Paragraphs Al o A8, wherein the long acting
NP derivative is HOC{HEOHCH,) 15C(=0)-Acea-Acea-
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GCFGLELDRIGShomoQSGLGC comprising a disulfide bond between the cvsteine
residues [SEQ ID NG, 21,
Al6. The method of any one of Paragraphs Al to A3, wherein the long acting

CNP  derivative or the very long acting CONFP  derivative comprises -

GLSKGCPGLELDRIGSMSGLGC [SEQ D NO. 21, U-
GLSKGCFGLK(U)LDRIGSMSGLGC [SEQ D NO. 3L

GLSKGCFGLKANLDRIGSMSGLGC [SEQ 1D NG, 4], U-CFGLKLDRIGSXSGLGC,
where x 15 a natural or unnatural amine acid residue [SEG 1D NGO, 27], or any combination
thereof,

wherein:

U is a mosety of Formula (1), where Formula (8) is
{polymen),-(Y )~
Yy
wherein
ais O or 1 {preferablv ais 1);
polvmer is cellulose, polv{ethviene glveol} (PEG), methoxy
poly{ethylene glycol) (MPEG). poly(lactic-co-glveolic acid), or poly(N-vinvi pyrrolidone);
Y is:
a 4-10 anuno acid residue or peptide sequence, wherein each aniuo
acid residue is independently selected from lvsine (K}, arginine (R), and glvcine (G);
a non-aming acid linker comprising an ester, an amide, a thiosther,
an ether, a thiosther, a carbamate motely, or a combination thereof; or
a hinker (YE),-(B),, wherein B 15 1-8 amino acid residue sequence
wherein each amino acid residue is  independently selected from  2-f2-(2-
aminoethoxy Jethoxylacetic acid residue, Gly, Alg, Leu, Ser, Arg, and Lys;mis 0, 1, 2, or
3:nis 0, 1, 2, or 3; and the sum of m and n is at least 1.

Al7. The method of any one of Paragraphs Al to A3 and Al6, wherein the long
acting CNP derivative or the very long acting CNP denvative comprses -
GLSKGCFGLKLDRIGSMSGLGC [SEQ 1)) NO. 21, U-
GLSKGCFGLK{INLDRIGSMSGLGC [SEQ ID NO. 3], or any combination thereof]

wherein:

U 1s a moiety of Fornmwla (11}, where Formula (H} is
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(polymen,~(Y )
iy
wherein

ais 1;

polymer is cellulose, polv(ethylene glveol) (PEG), methoxy
poly{ethyiene glycol) (MPEG), poly(lactic-co-glveolic acid), poly{N-vinyl pyrrolidone}, or
a derivative thereof,

Y is:

a 1-10 amino acid residue or peptide sequence, wherein each amino
acid residue s independently selected from lyvsine (K}, arginine (R), glycine ((3), alanine
{A}), glutamic acid (E), and aspartic acid {D);

a non-amine acid linker comprising an ester, an amide, a thioether,
an ether, a thioether, a carbarate moiety, or a combination thereof]

an amine acid residue-containing linker, wherein the amino acid
residue is covalently aitached to (polymer)s;

apeptide linker different from the 1-10 amino acid residue or peptide
sequence; or

a linker (yE),,~(B),. wheremn B is 1-8 amino acid residue or peptide
sequence wheremn each amino acid residue 1 independently selected from 2-[2-(2-
aminoethoxy jethoxviacetic acid residue, Gly, Ala, Leuy, Ser, Arg, and Lys; mis 0, 1, 2, or
3;ni8 0, 1,2, or 3; and the sum of m and n is at least 1.

Al8. Themethod of any one of Paragraphs Al fo A3, Al4, and AlS, wherein the
polymer does not include poly(ethylene glveoly, MPEG, or both poly{ethviene glycol) and
MPEG.

A19. The method of any one of Paragraphs Al to A3, and A16 o AlS, wherein
Y is:

a 4-10 amino acid residue or peptide sequence, wherein each amino acid residue is
mdependently selected from lysine (K), arginine (R}, and glycine (G); or

a linker (vE)y-(B),, wherein B i3 I-8 amino acid residue or peptide sequence
wheretn  each amino  acid residue s independently  selected  from  2-[2-(2-
aminoethoxy yethoxylacetic acid residue, Gly, Alg, Leu, Ser, Arg, and Lyvs; mis 0, 1, 2, or

3:nis 0, 1, 2, or 3; and the sum of m and n is at least 1.
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A20. The method of any one of Paragraphs Al {o A19, wherein the bolus dose
administration occwrs at most twice a day and the route of administration comprises
subcutaneous, intravenocus, intramuscular, nasal, by inhalation, enteral, or any combination
thereof, or

wherein the route of administration is subcutaneous; or

wherein the route of administration 18 infravenous; or

whergin the route of admimstration 1S intramuscular; or

wherein the route of administration 15 by inhalation; or

wherein the route of administration is nasal; or

wherein the enteral route of administration is oral.

A21. The method of anv one of Paragraphs Al to A20, wherein the subject has
ALY or ARDS assoctated with pulmonary edema; low arterial blood oxyvgenation; elevated
fevel of oflaromatory cells 1o the lung: nerease level or expression of inflanumatory
cviokine in the lung, sepsis; bacteremia; pneumonia, pulmonary fibrosis, or any
combination thereof.

A22 The method of any one of Paragraphs Al to A21, wherein inflammmatory
cvtokine comprises 1L-6, IL-1b, TNFg . MCP-1, IFNg, or anv combination thereof.

A23. The method of any one of Paragraphs Al to A22, wherein the pneumonia
coroprises bacterial pneuroonia, viral pueumonia, asepiic poewnonia,

AZ4. The method of any one of Paragraphs Al to A23, wherein the ALE or ARDS
is caused by:

(1} a systemic insult selecied from trauma, sepsis (e, body-wide nfection),
bacteremia {i.e., bacteria in the blood), pancreatitis, shock, multiple transfusions,
disseminated intravascular coagulation, burns, drug overdose or {oxicity, opioids, aspirin,
phenothiazines, fricychc antidepressant, amuodarone, chemotherapeutic  agents,
nitrofuranioin, protamine, thrombotic thrombocytopenia purpura, head mjury, paraguat,
and any combination thereof] or

(11} a pulmonary insult selected from aspiration of gastric content, lung intubation,
embolism, tuberculosis, viral pneumonia, bacterial pneumonia, cviogenic organizing
pneumonitis, airway obstruction, smoking free-base ¢ocaine, near-drowning, (oxic gas
inhalation, oxygen toxicity, hung cootusion, radiation exposure, high-altitude exposure,

fung re-expansion, reperfusion, and any combination thereof.
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A25. The method of Paragraph AZ24, wherein the embolism is caused by a
thrombus, fat, air, or amniotic flud.

A2Z6. The method of Paragraph A23 or A24, wherein the viral pneumonia is
SARS caused by a coronavirus or an influenza virus.

A27.  The method of anv one of Paragraphs Al to A26, wherein:

ALY or ARDS caused by an infectious disease, or

ALI or ARDS caused by PF, or

ALY or ARDS caused by sepsis; or

ALY or ARDS caused by bacteremia; or

ALY or ARDS caused by intubation; or

ALY or ARDS caused by a toxic gas selected from group consisting of chlorine gas,
smoke, phosgene, concentrated oxygen, and any combination thereof.

A28, The method of Paragraph A27, wherein the infectious disease is caused by
a coronavirus or an influenza virus.

A2Z9. The method of any one of Paragraphs Al to AZ21, wherein the fibrosis
comprises lung or pulmonary fibrosts, liver {ibrosis, curhosis, and kidney glomerular
sclerosis.

A30. The method of any one of Paragraphs Al to A29, wherein the composttion
coraprises a long acting CNP composition or a very long acting CNP composition,
comprising & CNP, a CNP derivative, or a long acting CNP derivative and a polymer
excipient, the polvmer excipient comprising a poly{(amino acid} grafted with polyethylene
glveol, fatty acid, and/or anionic moteties; wherein the polvmer excipient is adapted to
sequester or non-~-covalently bind to any of the CNP or CNP derivatives.

A31. The method of any one of Paragraphs Al to A30, wherein the composition
coroprises a very long acting CNP derivative coraposition comprising a long acting CNP
derivative and a polymer excipient, the polymer excipient comprising a polv{amino acid}
grafied with polvethvlene glycol, fatty acid, anionic moieties, or any combination thergof;
and wherewn the polvmer excipient is adapied {o sequester or non~covalently bind to the
fong acting NP derivative.

A32. Themethod of any one of Paragraphs Al and A20 {0 A30, wherein the long

acting NFRB agonist or the very long acting NPREB agonist comprises a polypeptide.
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A33. The method of Paragraph A32, wherein the polypeplide comprises an
antibody.
34,  The method of any one of Paragraphs Al and AZ0 to A32, wherein the long
acting NPRB agonist or the very long acting NPRB agonist comprises a molecule of a
molecular weight of less than 2kDa.
A35. A method of treating a subject having, or at risk of developing ALI or
ARDS, comprising
administering to the subject a therapeutically effective bolus dose of a composition
comprising a long acting CNP derivative or a very long acting CNP derivative comprising
U-GLSKGCFGLKLDRIGSMSGLGC [SEQ D NO. 21, U-
GLSKGCFGLKLDRIGSMSGLGC ISEQ iD NO. 31, or
GLSKGCFGLK{ULDRIGSMSGLGC [SEQ 1D NO. 4], U-CFGLKLDRIGSxSGLGC,
where X 15 a natural or unnatural aroine acid residue [SEQ ID NG, 11}, or any combination
thereof,
wherein:
U 1s a motety of Formula (I3 or (IT), where Formula (T) is
(aliphatic),-(X)-;
B
wherein
ais O or | {preferably ais 1);
altphatic is an optionally substitted €y 54 cham (2.2, an optionally
substituted Cyy.p4 chain, an optionally substituted {5.14 chain}, covalently bound to X via
a chemical linkage, such as a carbonyl {e.g.. as part of an anude or an ester linkage), a
thivether, an ether, a thioether, a carbamate moiety, a bond, or the like with X preferably
via a carbonyl as part of an arside or an ester linkage: or more preferably via a carbooyl as
part of an amide linkage with X;
X is a 1-10 amino acid residue or peptide sequence, wherein each
amino actd residue 15 independently selected from lysine (K}, argimine (R), glycine (G),
alanine (A). glutanuc acid (E), and aspartic acid (D), or
X 15 a limker (vE),~(B}, wherein B is 1-8 amino acid residue or

pephide sequence wherein each anuno acid residue 15 independently selected fromo 2-[2-(2-
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aminoethoxy Jethoxy jacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1, 2, or
, 2, or 3; and the sum of m and n is at least 1;
and Formula (I} is
{polymen),~(Y)-
()
wherein
ais 0 or | {preferably ais 1),
polymer 15 cellulose, polv{ethvlene glveoly (PEG), methoxy
poly{ethyiene glycol) (IMPEG), poly(lactic-co-glycolic acid), polv(IN-vinyl pyrrolidone}, or
a derivative thereof)

Y is:

a 1-10 amino acid residue or peptide sequence, wherein each amino
acud residue s independently selected from lysine (X)), argivune (R}, glycine (G}, alanine
(A}, glutanuc acid (E), and aspartic acid (D),

a non-aming acid linker comprising an ester, an amide, a thiosther,
an ether, a thioether, a carbamate motety, or a combination thereof,

an anmino acid residue-contamning linker, wherein the amino acid
residue is covalently attached to (polymeria or

apeptide linker different fromthe 1-10 arpino acid residue or peptide
sequence;

wherein the composition does not decrease blood pressure by more than 15% of a
baseline blood pressure measurement, where the baseline blood pressure measurement is
an average blood pressure prior to adnunisiration of the composition; and

wherein the composition increases plasma cvclic-GMP level at from 1 hour to 12
hours {e.g.. 2 to 12 hours, 4 1o 12 hours, 1 hour t0-24 hours, 2 to 24 hours, 4 to 24 hours, |
hour to 84 hours, 2 1o 84 hours, 4 to 84 hours, 12 0 84 hours, 1 hour to 168 hours, 2to 168
hours, 4 10 168 hours, or 12 1o 168 hours) after administration to above 1.5x {e. g, above
2x, above 3x, above 4x, or above 5x) of a baseline plasma ¢vclic-GMP level, and the
baseline plasma cyclic-GMP level 15 an average plasma cyvchic-GMP level prior to
administration of the composition or the average plasma cyvclic-GMP level of a healthy
subject {preferably the average plasma cyclic-GMP level prior to administration of the

composition for the subject).
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A36.  The method of Paragraph A3S, wherein Y 18 a linker (vE)u-(B)s, wherein B
is 1-8 amino acid residue or peptide sequence wherein each amino acid residue is
independently selected from 2-[2-(2-aminoethoxy)ethoxyjacetic acid residue, Gly, Ala,
Leu, Ser, Arg,and Lys; mis 6, 1,2, 0r 3, 018 0, 1, 2, or 3; and the sum of m and n is at
feast 1.

A37. The method of Paragraph A35 or Paragraph A36, wherein the long acting

NP denvative is selected from;

CH3(CH,)  CEOKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO.

Sk

CH5(CH,) s CEOIRKKKGGGOLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO.
6k

CH3(CH,) g C=0K KKK GOGGLSKGOFGLEKLDRIGSMSGLGC [SEQ ID NO.
7

CH3(CHy )y CE0K KKK GGGGLSKGOFGLKLDRIGSMSGLGC [SEQ ID NO.
8t

CH5(CH, ) CEOIRKKKGGGOLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO.
9

HOCEQXCH,) C(=0)-yE-Acea-Acea~-GCFGLELDRIGShomo QS GLGC

comprising a disulfide bond between the cysieine residues [SEQ ID NG, 20} and
HOC(=0HCHy ) 1400 Acza-Aeea-GCFGLKLDRIGShomoQSGLGC
comprising a disulfide bond between the cysteine residues {SEQ ID NQ. 211

A38. The method of any one of Paragraphs A35 to A37, wherein the long acting
CNP desivative is CH5(CHy) 1 CEOKKKKGGOGLSKGCFGLKLDRIGSMSGLGC
[SEQ ID NQ. 51

A39.  The method of any one of Paragraphs A35 to A37, wherein the long acling
ONP derivative 15 CH3{CH, ) C(=0KKKKGGGGLSKGCFGLKLDRIGSMSGLGC

[SEQ ID NO. 61,

A40. The method of any one of Paragraphs A35 to A37, wherein the long acting
CNP derivative is CH5(CHy)1oCEOKKKKGGGGLSKGCFGLKLDRIGSMSGLGC

[SEQ ID NO. 71.

-113-



WO 2021/252910 PCT/US2021/037031

10

15

[
e

30

A4l The method of any one of Paragraphs A35 to A37, wherein the long acling
ONP derivative 18 CH3{CH; b CEOKKKKGGGGLSKGCFGLKLDRIGSMSGLGC
ISEQ ID NO. 8]

A42 The method of any one of Paragraphs A3S to A37, wherein the long acting
CNP  denvative 15 CHa(CHy o CEORKKKGGGGLSKGCFGLKLDRIGSMSGLGC
[SEQ D NG. 9]

A43.  The method of any one of Paragraphs A35 to A37, wherein the long acling
CNP dertvative is HOCEOXCH,)1,C(=0)vE-Acea-Acea-
GCFGLKLDRIGShomoQSGLGC comprising a disulfide bond between the cysteine
restdues [SEQ ID NG, 20].

Ad4. The method of any one of Paragraphs A35 to A37. wherein the long acting
CNP derivative is HOCEOHCH) 5C(=0)-Acca-Aceca-
GCFGLEKLDRIGShomoQSGLGC coroprising a disulfide boud between the cysteine
residues [SEQ ID NG, 21,

A45. The method of any one of Paragraphs A35 to Ad4, wherein the composition
comprises a very long acting ONP derivative composition comprising a long acting ONP
derivative and a polvmer excipient, the polymer excipient comprising a poly{amino acid)
gratted with polyethylene glycol, fatty acid, antonic moieties, or any combination thereof]
wheremn the polymer excipient s adapted to sequester or non-covalently bind to the long
acting CNP dernvative.

Ad6. The method of any one of Paragraphs Al to A45, wherein administering {o
the subject the therapeutically effective bolus dose of the composition decreases a total
number of cells and total proteins in a BALF sample from the subject.

A47. The method of any one of Paragraphs Al to Ad6, wherein administering to
the subject the therapeutically effective bolus dose of the coroposition decreases MPOm a
fung tissue from the subject.

A48, The method of any one of Paragraphs Al to A47, wherein adminisiering {o
the subject the therapeutically effective bolus dose of the composition attenuates
mflammatory cviokine expression {e.g, IL-6, IL-1b, TNFg, MCP-1, and/or IFNg

expression) in the subject.
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A49.  The method of any oue of Paragraphs Al to A48, wherein administering to
the subject the therapeutically effective bolus dose of the composition decreases a fibrotic
area in a lung in a subject having idiopathic pulmonary fibrosis.

AS50. The method of any one of Paragraphs Al {0 A49, wherein administering {o
the subject the therapeutically effective bolus dose of the composition decreases cell
numbers and protein fevels, and decreases the expression of any one of IL-6, IL-1b, TNFq,
MCP-1, IFNg or any combination thereof in a subject having idiopathic pulmounary fibrosis.

AS1. The method of any one of Paragraphs Al to A49, wherein administering {o
the subject the therapewtically effective bolus dose of the composiiion decreases the
expression of any one of IL-6, IL-1h, TNFa, MCP-1, IFNg, or any combination thereof,
and decreases lethality in a subject having sepsis.

A352. The method of any one of Clatms Al to AS1, wherein administering to the
subject the therapeutically effective bolus dose of the composition decreases the expression
of AST, ALT, 0-SMA. 1L-6, IL-1b, TNFo, MCP-1, IFNg, iINOS, EIf-1, Tollip, IRAK-1, P-
P38, P-P63, B-act, STATL, P-STATI, STAT2, STAT3, STATS, a fibrotic area, serum
creatinine, an albumin/creatinine ratio in wrine, hydroxyproline in a lung, or any
combination thereof. of the subject.

AS53. A composition comprising a long acting ONP derivative of comprising a
formuta U-CFGLKLDRIGS<SGLGC [SEQ 1D NO. 30], wherein

x is a natural or unnatural amino acid residue, provided that X is not a methionine
residue; and

U has 1s a moiety of Formula (8):

{aliphatic),-(X)~;
B

wherein ais 0 or 1 {preferably ais 1};

aliphatic 1s an optionally substinnied €454 chain {e.g., an optionally substituted Cyq.
24 chain, an optionally substituted Cy,.1y chain}, covalenily bound to X via a chemical
finkage, such as a carbonyl {e.g., as part of an amide or an esier linkage), a thioether, an
ether, a thioether, a carbarate moiety, a bond, or the like with X preferably via a carbonyl
as part of an amide or an ester linkage; or more preferably via a carbonyl as part of an

amide hinkage with X
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X i5 a linker {(yE},,-(B}, wherein B is 1-8 amino acid residue or peptide sequence
wherein  each amino acid residue i independently selected from 2-[2-(2-
aminoethoxy jethoxviacetic acid residue, Gly, Ala, Lew, Ser, Arg, and Lys: mis 0, 1, 2, or
3;ni8 0, L, 2, or 3; and the sum of m and n is at least 1.

A34. The composition of Paragraph AS3, wheremn x is homoglutamine, aliphatic
s & branched or straight optionally substituted Cyy chain covalently bound to X via a
carbonyl {2.g., CHR{CH, 1, C(=0)) or a {3 chain covalently bound to X via a chemical
iinkage, such a thioether, an ether, a thicether, a carbamate moiety. a bond, or the like with
¥, preferably aliphatic 1s a branched or straight optionally substituted Cyg chain covalently
bound to X via a carbonyl {e.g., CH3{CH)C(=0}) as part of an amide or ester linkage
with X or more preferably aliphatic 15 a branched or straight optionally substituted Cyg
chain covalently bound t0 X via a carbonyl {e.g.. CH3(CH)C(=0)) as part of an anude
linkage with X, or aliphatic is HOC(=0}CH},CEO) a5 1 BisGly; mis O, 1, or 2:
andnis 1.

ASS5. The composition of Paragraph A53, wherein x 1s homoghuamine, aliphatic
is a branched or straight optionally substituted Cy4 chain covalently bound to X via a
carbonyl {e.g., CH3(CHy )1 4C{=0)) or a €y chain covalently bound to X via a chemical
linkage, such a thioether, an ether, a thioether, a carbamate moiety, a bond, or the like with
X; preferably aliphatic is a branched or straight optionally substituted C;g chain covalently
bound to X via a carbonyl (e g, CH3{CH, 1 sC(=0}) as part of an amide or ester linkage
with X; or more preferably aliphatic i1s a branched or straight optionally substituted C g
chain covalently bound to X via a carbonvl {e.g., CH3{CH;3 1, C(=0}} as part of an amide
finkage with X, or aliphatic 1s HOCEOWCH 1,CEOY; ais L BisGly, mis 1 and n is
1.

A36.  The coroposuiion of Paragraph AS3, wherein x 18 homoglutamine, aliphatic
is a branched or straight optionally subsiituted Cig chain covalently bound to X via a
carbonyl {e.g, CHa(CHA)4C(=0)) or a €y chain covalently bound to X via a chemucal
finkage, such a thioether, an ether, a thioether, a carbamate moiety, a bond, or the hike with
X; preferably aliphatic is a branched or straight optionally substituted Cyg chain covalently
bound to X via a carbony! {e.g, CHA{CH, 1 ,C(=0)) as part of an amide or ester linkage

with X; or more preferably aliphatic is a branched or straight optionally substitted C g
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chain covalently bound to X via a carbonyl {e.g.. CH1(CH,)1,C(=0)) as part of an anude
linkage with X, or aliphatic is HOC{(=0}CH);,C(=0)): ais I mis L and nis 0.

AS7. The composition of Paragraph A53, wherein x is homoglutamine (homo(Q}
[SEQ ID NG, 16], U is (aliphatic)g~(X)-; wherein ais 0 or 1 {preferably ais 1); aliphatic is
a branched or straight optionally substituted Cyg chain covalently bound to X via a carbonyl
{e.g.. CH3{CH;},,C=0) or a Cig chain covalently bound o X via a chenucal hinkage,
such a thioether, an ether, a thioether, a carbamate motety, a bond, or the like with X
preferably aliphatic ts a branched or straight optionally substituted Cyg chain covalently
bound to X via a carbouyl {e.g., CH3{CH, 1 sC(=0)) as part of av arade or ester linkage
with X or more preferably aliphatic i1s a branched or straight optionally substituted Cyq
chain covalently bound to X via a carbonvl {e.g., CH3{CH)16C(=0)) as part of an amide
finkage with X, or aliphatic is HOC(=OXCH, ), CE0: Xis a hinker (vE)e-(B)u, B is 2-
12~(2-aranoethoxyiethosyjacetic acid residue, mis O, andnis 2.

A58, The composition of Paragraph AS3, wherein x is homoglutamine (homo(Q}
[SEQ D NG, 17}, U s (aliphatic)y«(X)~; wherein ais 0 or 1 {preferably ais 1); aliphatic is
a branched or straight optionally substituted Cy g chain covalently bound to X via a carbonyl
{e.g., CH3{CH,},sC(=0)) or a Cyg chain covalently bound to X via a chemueal linkage,
such a thioether, an ether, a thiogther, a carbamate moiety, a bond, or the hike with X,
preferably aliphatic ts a branched or straight optionally substituted C;g chain covalently
bound to X via a carbonyl (e g, CH3{CH, 1 sC(=0)) as part of an amide or ester linkage
with X or more preferably aliphatic is a branched or straight optionally substituted C g
chain covalently bound to X via a carbonvl {e.g., CH3{CH; 1, C{=0}} as part of an amide
finkage with X, or aliphatic is HOC(=0)CHy) 1 6CEOY): Xis a hinker (vE)w-(B)s, Bis 2-
12-{2-amunogthoxy jethoxylacetic acid residue, mis 1, andnis 2.

A39.  The coroposuion of Paragraph AS3, wherein x 18 homoglutanine, aliphatic
is CHi(CH »CEOY o HOCEONCH (=0, B is a 242-(2-
aminosthoxy Jethoxylacetic acid residue, mis 0, and n is 2.

A60.  The composition of Paragraph A53, wherein X is homoglutaroine, aliphatic
19 CHa(CH.LCECY or HOCEOHCH:CEO);, B s a 2-2-(2-
aminoethoxy jethoxy lacetic acid residue, mis 1, andn is 2.

AG1.  The coroposuion of Paragraph AS3, wherein x 18 homoglutanine, aliphatic
is CH3{CH,11,CE0) or HOCEOHCH) 6 L(=0), B is (2-f2-(2~
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andnis 1.

A62.  The composition of Paragraph A53, wherain the long acting CNP derivative
is  HOC(=0)YCH,)1 ,C(=0)vE-Aeea-Aeca-GUFGLKLDRIGShomo(SGLGC  with a
disulfide bond between the cysteine residues SEQ ID NG, 20,

A63. The composition of Paragraph AS3, wherein the long acting CNP derivative
15 HOCEOKCH,C(=0)-Acea-Aeca-GUFGLKLDRIGShomo(SGLGC  with  a
disutfide bond between the cysteine residues SEQ 1D NO. 21

A64. The method of any one of Paragraphs A2 to AS2, wherem ais 1.

A6S. The composition of any one of Paragraphs AS3 to A63, wherein ais 1.

While iliustrative embodiments have been illustrated and described, it will be
appreciated that various changes can be made therein without departing from the spirit and

scope of the disclosure.
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CLAIMS
The embodiments of the disclosure in which an exclusive property or privilege i3

claimed are defined as follows:

I. A method of treating a subject having a hang, liver, and/or kidnev injury, or
a symptom associated with a tung, hiver, and/or kidney jujury, comprising:

administering to the subject a therapeutically effective bolus dose of a composition
comprising a long acting CNP, a long acting CNP derivative, a long acting NPRB agonist,
a very long acting CNP, a very long acting ONP derivative, a very long acting NPRB
agorst, a long acting CNP agonist, a very long acting CNP agonist, or any combination
thereof,

wherein the composition does not decrease blood pressure by more than 20% of a
baseline blood pressure measurement taken prior fo administration of the therapeutically
effective bolus dose of the composition,

wherein the composition increases plasma cyelic-GMP level at from 1 hour to 12
hours after adnunistration to above 1.5x of a baseline plasma cyclic-GMP level, the
baseline plasma cvclic-GMP level is an average plasma cyclic-GMP level prior o
adovuistration of the coroposiiion or the average plasma cyvelic-GMP level of a bealthy
subject, and

wherein the hung, Hiver, and/or kidney injury, or the symptom associated with tung,
fiver, and/or kidney injury is selected from

i} acuie hing injury (ALI),

i} acute respiratory distress syndrome (ARDS),

it} pulmonary edema,

v} elevated level of inflammatory cells in the lung,

v} increased level or expression of inflammatory cvtokines in the lung as
coropared {o healthy lung,

vi} increased protein level in lung alveolar space as compared to healthy lung,

vii)  low arterial blood oxygenation, wherein low arterial blood oxygenation is a
blood Pa02 of below 60 nyn Hg and/or a blood hemoglobin oxvgen saturation (Sp02) of
below 90%,

vili}  poeumonia,
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iX) fibrosis,
X} kidney injury,

and any combination thereof

2. The method of Claim 1, wherein the long acting CNP derivative or the very
long acting CNP derivative comprises U-GLSKGCFGLRLDRIGSMSGLGC [SEQ ID
NO. 2], U-GLSKGCPFGLK(ULDRIGSMSGLGC  [SEQ D NGO, 3L
GLSKGCFGLK(ULDRIGSMSGLGC [SEQ 1D NG 4}, U-CFGLKLDRIGSxSGLGC,
where X 15 a natural or unnatural amine acid residue [SEQ ID NG, 11], or any combination
thereof,
wherein:
U 1s a motety of Formula (I or (), where Formula (1) 15
{(aliphatic),-(X)-:
(B
wherein

ais 1;

aliphatic is an optionally substituted €454 cham (2. g., an optionally
substituted €4 chain, an optionally substituted C,_4 chain}, covalently bound to X via
a chemical linkage, such as a carbonyl {e.g. as part of an amide or an ester linkage), a
thigether, an ether, a thicether, a carbamate moiety, a bond, or the like with X preferably
via a carbonyl as part of an amide or an ester linkage: or more preferably via a carbooyl as
part of an amide linkage with X;

X is a 1-10 amino acid residue or peptide sequence, wherein each
amino acid residue is independently selected from lvsine (K}, argimine (R), giveine {G),
alanine (A), glutamic acid {E), and aspartic acid (B); or

X 15 a linker (vE) (B

wherein B 18 a 1-8 amino acid residue sequence wherein each anvuno
acid residue 1s imdependently selected from 2-[2-(2-aminoethoxylethoxylacetic acid
residue, Glv, Ala, Ley, Ser, Arg, and Ly,

mis(, 1,2, 0r3;

nis G, 1, 2, or 3; and

the sum of my and n is at least 1,
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and Formuda (313 i3
(polymery,~(Y )~
Uy
wherein
ais i;
polymer is cellulose, polv{ethylene glyvcol) (PEG), methoxy
poly{ethylene glycol) (MPEG), poly(Jactic-co-glveolic acid), poly{MN-vinyl pyrrolidone), or
a derivative thereof]
Y s
a 1-10 amino acid residue or peptide sequence, wherein each amino
acid residue is independenily selected from lysine (K}, arginine (R), glvcine (), alanine
{A), glutamic acid (E), and aspartic acid (D);
a non-amno acid hinker comprising an ester, ao aroide, a thioether,
an ether, a thioether, a carbamate moiety, or a combination thereof;
an aming acid residue-containing linker, whergin the amino acid
residue is covalently aitached to (polymerya; or
apeptide linker different from the 1-10 amino acid residue or peptide

seguence.

-~

3 The method of Claim 2, wherein Y is a linker (YE},,,-(B),, wheren Bisa i-
8§ anuno acid residue or pephide sequence wherein each amino acid residue is independently
sefected from a 2+ 2-(Z-aminoethoxyjethoxyjacetic acid residue, Gly, Ala, Leu, Ser, Arg,

and Lys;mis 0,1, 2, 0r 3, nis 0, 1, 2, or 3; and the sum of m and 1 15 at least 1.

4. The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative or the very long acting OCNP  derivative comprises U-
GLSKGCFGLKLDRIGSMSBGLGC [SEQ iD NQO. 21, -
GLSKGCFGLK{UMLDRIGSMSGLGC {SEQ D NQ. 3],
GLSKGCFGLK(ULDRIGSMSGLGC [SEG 1D NG, 4], U-CFGLKLDRIGS:SGLGC,
where X is a patural or unnatural aming acid residue {SEQ 1D NQO. 12}, or any combination
thereof, and;

wherein:

U is a moiety of Formmula (1), where Formula (1) is



WO 2021/252910 PCT/US2021/037031

{aliphatic},~(X}-:
(B
wherein

ais 1;

aliphatic 1s an optionally substituted Cyg.54 chain (e g, an optionally
substituted €y, chain), covalently bound to X via a chemical linkage, such as a carbonyl
{e.g., as part of an amide or an ester Hinkage), a thioether, an ether, a thicether, a carbamaie
moiety, a bond, or the like with X; preferably via a carbonyi as part of an amide or an ester
iinkage; or more preferably via a carbony! as part of an amide linkage with X;

X is a 1-10 amino acid residue or peptide sequence, wherein each
amino acid residue is independently selected from lysine (K), arginine (R), givcine (G).
alanine (A}, glutamic acid {E), and aspartic acid (D); or

X 1s a inker (YEm-(Bh,

wherein B is a 1-8 amino acid residue or peptide sequence wherein
each amino acid residue is independently selected from 2-]2-(Z-aminoethoxy)ethoxy facetic
acid residue, Gly, Ala, Leu, Ser, Arg, and Lys;

mis 0, 1,2, or3;

nis G, 1, 2, or 3; and

the sumof mand nis at least 1.

5. The method of Claim 2 or Claim 3, wherein X is a 4-7 amino acid sequence,
wherein each amino acid residue is independently selected from lysine {K), arginine (R),
and glveine (G, or

X 1s a linker (yE},~(B), wherein B is a 1-8 amino acid residue sequence wherein
each amino acid residue is independently selected from 2-{2-{2-aminoethoxy jethoxy lacetic
acid residue, Gly, Ala, Ley, Ser, Arg, and Lys; mis 0, 1, 2, or 3:nis 0, 1, 2, or 3; and the

sum of 1 and ni1s at least 1.

6. The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative  or the very long acting OCNP  derivative comprises U-
GLSKGCFGLELDRIGSMSGLGC [SEQ ID NG, 2],

wherein:
U is {aliphatic)-(X)-;
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wherein

ais i

altphatic is an optionally substitited €454 chaim (2.2, an optionally
substituted Cyy.p4 chain, an optionally substituted C ;.14 chain}, covalently bound to X via
a chemical linkage, such as a carbony! {e.g.. as part of an anmude or an ester linkage), a
thicether, an ether, a thioether, a carbamate moiety, a bond, or the like with X preferably
via a carbonyl as part of an amide or an ester linkage; or more preferably via a carbonyvi as
part of an amide linkage with X;

X is a 1-10 amino acid residue or peptide sequence, wherein each
amino actd residue 15 independently selected from Ivsine (K}, arginine (R), giveine {G),
alanine (A). glutanuc acid (E), and aspartic acid (D); or

X 15 a linker (yE),;,+(B}, wherein B is a 1-8 amino acid residue
sequence wheremn each amino acid residue 15 independently selected from 2-[2-(2-
aminoethoxy jethoxviacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1, 2, or

3;nis 0, 1, 2, or 3; and the sum of m and n is at least 1.

7. The method of Claim 2 or Claim 3, wherein aliphatic does not comprise 3
straight or branched optionally substituted Cy_4 chain (e.g., an optionally substituted T4 g
alkyl-C(=0)- moiety, and/or an optionally substituted Cy_o chain that 1s covalently bound
{0 the peptide via a linkage such as a thioether, an ether, a thioether, a carbamate moiety, a

bond, or the hike).

8. The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative is selected from
CH;(CH, )1 CEOKKKKGGGOLSKGOFGLKLDRIGS MS GLGC [SEQ ID NO.

5k

CH3{(CH) o C=0IK KKK GOGGLS KGOFGLKLDRIGSMSGLGC [SEQ 1D NO.
6l

CH3(CH)13CEOIKKKKGGGOLSK GCFGLKLDRIGSMSGLGC [SEQ ID NO.
7}

CHA(CH ) CEOIR KKK GGGOLSKGUFGLKLDRIGSMSGLGC [SEQ ID NO.
&l
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CH3{CHy )y CEO KKK K GGGHGLEKGCFGLKLDRIGS MSGLGC [SEQ 1D NO.
oL
HOCEOHCH,)) ;C(=0)-vE-Acea-Aeca~-GCFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues [SEQ 1D NO. 20}, and

HOCEONCH, ) 1,C(=0)- Acea-Acea-GCFGLELDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues |SEQ ID NO. 211

9. The method of any one of Claims 1 o 3, wherein the long acting CNP
derivative is CHy{(CHy )y CEOIKKKKGOOGLSKGCFGLKLDRIGSMSGLGL [SEQ ID

NO. 5].

10 The method of any one of Claimos 1 to 3, wherein the long acting CNP
derivative is CH3{CH) sCEOIKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ 1D
NO. 6]

iE The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative 1s CH3(CH) g CEOIRKKKK GGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID

NG, 7.

12 The method of anyv one of Clairos 1 to 3, wherein the long acting CNP
derivative is CH3(CH, )y C=OK KKK GGGGLSKGOFGLKLDRIGSMSGLGC [SEQ ID

NG. 8.

i3 The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative is CH3(CHy ) CEORKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ D
NO. 9]

4. The method of anv one of Claims 1 to 3, wherein the long acting CNP
derivative 15 HOU(=0HCH;,) 15C(=0)-vE-Acea- Acea-GCFGLKLDRIGShomoQSGLGC
comprising a disulfide bond between the cysteine residues {SEQ ID NO. 20}

5. The method of any one of Claims 1 to 3, wherein the long acting UNP
derivative is  HOCGEOHCH11,C(=0)-Aeea-Aeea-GUFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues [SEQ ID NO. 211
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16, The method of anv one of Claims 1 to 3, wherein the long acting CNP
derivative or the very long acting CNP  derivative comprises U-
GLSKGUFGLKLDRIGSMSGLGC [SEQ D NO. 21, U-
GLSKGCFGLE(ULDRIGSMSGLGC [SEQ D NO. 31,
GLSKGCFGLK(ULDRIGSMSGLGC [SEQ 1D NO. 4}, U-CFGLKLDRIGSxSGLGC,
where X 18 a natural or unnatural amino acid residue {SEQ ID NG, 271, or any combination
thereof

wherein

U 1s a motety of Formula (11}, where Formula (8} is
{polymer),-(Y)-:
()
wherein
ais 1
polymer 15 cellulose, polyv(ethvlene glveoly (PEG), methoxy
poly{ethylene glycol) (MPEG), polv{iactic-co-glycolic acid}), or polv(IN-vinyl pyrrolidone);
Y s
a 4-10 amino acid residue or pepiide sequence, wherein each amino
acid residue is independently selected from lysine (K), arginine (R}, and glycine (G):
a non-arno acid hinker comprising an ester, ao aroide, a thioether,
an ether, a thioether, a carbamate moiety, or a combination thereof, or
a linker (yE) (B}, wherein B is 1-8 amino acid residue sequence
wherein  each amino acid residue 15 independently  selected from  2-[2-(2-
aminosthoxy Jethoxyjacetic acid residue, Gly, Ala, Leu, Ser, Arg and Lys; mis 0, 1, 2, or

3:n1s8 0, 1, 2, or 3; and the sum of m and n is at least 1.

17. The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative  or the very long acting ONP  derivative comprises U-
GLSKGUFGLKLDRIGSMSGLGC [SEQ D NG, 21, U-
GLSKGCFGLE(UMDRIGSMSGLGC [SEQ 1D NO. 3], or any combination thereof;

wherein:

U is a moiety of Formula (31), where Formuda (1) is

(polymer),-(Y )
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Yy
wherein

ais 1;

polvmer is cellulose, polv{ethviene glveoly (PEG), methoxy
poly{ethylene glycol) (MPEG), polv{lactic-co-glyvcolic acid), polviN-vinyl pyrrolidone), or
a derivative thereof;

Y is

a 1-10 anuno acid residue or peptide sequence, wherein each amino
acid residue is independently selected from lysine (K}, arginine {R), glycine (G}, alanine
(A}, ghitamic acid {E}, and aspartic acid (I3}

a non-anmine acid linker comprising an ester, an amide, a thioether,
an ether, a thioether, a carbamate moiety, or a combination thereof]

an aroino acd residue-contairing linker, wherein the anuno acid
residue 1s covalently attached to (polymer)s;

a peptide linker different from the 1-10 amino acid residue or peptide
sequence; of

a linker (YE),-(B),, wherein B is 1-8 amuno acid residue sequence
wherein each amino acid residue is independently selected from a 2+2-(2-
aminoethoxy yethoxylacetic acid residue, Gly, Alg, Leu, Ser, Arg, and Lyvs; mis 0, 1, 2, or

3:nis 0, 1, 2, or 3; and the sum of m and n is at least 1.

18 The method of any one of Claims 1 to 3, wherein the polymer does not

include poly{ethylene glycol}, MPEG, or both poly{ethylene glycol} and MPEG.

19, Themethod of any one of Claims 1 to 3, wherein Y is:

a 4-10 amino acid residue or peptide sequence, wherein each amino acid residue is
independently selected from lysine (K}, arginine (R}, and glycine {G}: or

a linker (yE),,-(B), wherein B is I-8 amino acid residue or peptide sequence
wherein each amino acid residue 1S independently selected from 2-[2-(2-
aminoethoxy jethoxviacetic acid residue, Gly, Ala, Lew, Ser, Arg, and Lys; mis 0, 1, 2, or

3:nis 0, 1, 2, or 3; and the sum of m and n is at least 1.
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v

20. The method of any one of Clams 1 fo 3, wherein the bolus dose
administration occwrs at most twice a day and the route of administration comprises
subcutaneous, intravenous, intramuscular, nasal, by inhalation, enteral, or any combination
thereof, or

wherein the route of administration is subcutaneous; or

wherein the route of administration 18 infravenous; or

whergin the route of admimstration 18 intramuscular; or

wherein the route of administration 15 by inhalation; or

wherein the route of administration is nasal; or

wherein the enteral route of administration is oral.

2% The method of any one of Claims 1 to 3, wherein the subject has ALY or
ARDS associated with pulmonary edema; low arterial blood oxygenation; elevated level
of inflammatory cells in the tung; increase level or expression of inflammatory cytokine in

the lung: sepsis; bacteremia; pueumonia, pulmonary fibrosis, or any combination thereof.

22, The wethod of anv one of Claires | to 3, wherein inflaromatory cytokine

comprises JL-6, IL-1b, TNFa , MCP-1, IFNg, or any combination thereof.

23 The method of any one of Claims 1 to 3, wherein the pneumonia comprises

bacterial ppeumonia, viral preumonia, aseplic prewmonia,

24, The method of any one of Claims 1 to 3, wherein the ALL or ARDS 15 caused
by

(i} a systemic insult selected from trauma, sepsis, bacteremia, pancreatitis, shock,
multiple transfusions, disserminated intravascular coagulation, burns, drug overdose or
toxicity, opioids, aspirin, phencthiazines, {ricyclic antidepressant, amiocdarone,
chemotherapeutic  agents, nitrofurantoin, protamine, thrombotic thrombocytopenia
purpura, head injury, paraguat, and any combination thereof; or

(i1} a pulmonary insult selected from aspiration of gastric content, lung intubation,

embolism, toberculosis

, viral pneumonia, bacterial pneumonia, cvtogenic organizing
pneumonitis, airway obstruction, smoking free-base cocaine, near-drowning, toxic gas
inhalation, oxygen toxicity, lung contusion, radiation exposure, high-altitude exposure,

fung re-expansion, reperfusion, and any combination thereof.
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28, The method of Claim 24, wherein the embolism is caused by a thrombus,

fat, air, or amniotic fluid.

26. The method of Claim 23, wherein the viral pneumonia is SARS caused by

a coronavirus or an influenza virus.

27, Themethod of any one of Claims 1 o 3, wherein:

ALY or ARDS caused by an infections disease, or

ALY or ARDS caused by PF, or

ALY or ARDS caused by sepsis; or

ALY or ARDS caused by bacteremia; or

ALY or ARDS caused by intubation; or

ALY or ARDS caused by a {oxic gas selected from group consisiing of chlorine gas,

smoke, phosgene, concentrated oxygen, and any combination thereof.

28 The method of Claim 27, wherein the infectious disease is caused by a

coronavirus or an influenza virus.

29, The method of any one of Claims 1 10 3, wherein the fibrosis comprises lung

or pulmonary fibrosis, circhosis, and kidney glomerular sclerosis.

34, The method of any one of Claims 1 1o 3, wherein the composition comprises
a fong acting CNP composition or a very fong acting CNP composition, comprising a CNP,
a UNP derivative, or a long acting CNP derivative and a polymer excipient, the polvmer
excipient corprising a poly{amino acid) grafied with polvethyviene glycol, fatty acid,
and/or antonic moieties; wherein the polymer excipient is adapted to sequester or non-

covalently bind to any of the CNP or CNP derivatives.

31 The method of any one of Claims 1 1o 3, wherein the composition comprises
a very long acting CNP derivative composition comprising a long acting CNP derivative
and a polymer excipient, the polymer excipient comprising a polv{aming acid) grafted with
polyethylene glveol, fatty acid, anionic moteties, or any corobination thereof;, and wherein
the polymer excipient is adapted to sequester or non-covalently bind to the long acting CNP

derivative.
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32, The method of any one of Claims 1 to 3, wherein the long acting NPRB

agorust or the very long acting NPRB agonist comprises a polypeptide.
33. The method of Claim 32, wherein the polypeptide comprises an antibody.

34. 'The method of any one of Claims 1 1o 3. wherein the long acting NPRB
agonist or the very long acling NPREB agonist comprises a molecule of a molecudar weight

of less than 2kDa.

35 A method of treating a subject having, or at risk of developing ALY or
ARDS, comprising
administering to the subject a therapeutically effective bolus dose of a composition
coroprising a long acting CNP derivative or a very long acting CNP derivative comprising
U-GLSKGCFGLEKLDRIGEMSGLGC {SEQ D NQO. 21, U-
GLSKGCFGLR(UILDRIGSMSGLGC {SEQ 13] NG. 31
GLSKGCFGLK(ULDRIGSMSGLGC [SEQ 1D NO. 4], U-CFGLKLDRIGSxSGLGC,
where X is a natural or unnatural amino acid residue {SEQ ID NG. 11}, or any combination
thereof,
wherein;
U 1s a moiety of Formula (I} or (11}, where Formula (1) is
(aliphatic),-(X)-;
)
wherein
ais 1,
aliphatic is an optionally substituted €44 chain {e.g., an optionally
substituted Cyp4 chain, an optionally substituted Cy5_yg chain), covalently bound to X via
a chemical linkage, such as a carbonyl {e.g., as part of an anude or an ester linkage), a
thioether, an ether, a thioether, a carbamate moisty, a bond, or the like with X; preferably
via a carbony! as part of an amide or an esier linkage; or more preferably via a carbonyl ag
part of an aroude hinkage with X
X is a 1-10 amino acid residue or peptide sequence, wherein each
aming actd residue 18 independently selected from Ivsine (K}, arginine (R), glvcine {G),

alamne {A), glutanue acid (B), and aspartic acid (D), or
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X is a linker {yE},-(B), wherein B is 1-8 amino acid residue or
peptide sequence wherein each amino acid residue 15 independently selected from 2-{2-(2-
aminoethoxy jethoxy]acetic acid residue, Gly, Ala, Lew, Ser, Arg, and Lys: mis 0, 1, 2, or
3;ni80, 1, 2, or 3; and the sum of mand n 15 at least 1,

and Formula (8} 1s
{polymen),-(Y )~
(1
wherein

ais 1;

polvmer is cellulose, polv{ethviene glveoly (PEG), methoxy
poly{ethylene glycol) (MPEG), polv(lactic-co-glyvcolic acid), polviN-vinyl pyrrolidone), or
a derivative thereof;

Y is:

a 1-10 anmuno acid residue or peptide sequence, wherein each amino
acid residue is independently selected from lvsine (K}, arginine {(R), glycine (G}, alanine
(A}, ghitamic acid (E}, and aspartic acid (I3},

a non-anine acid linker comprising an ester, an anude, a thioether,
an ether, a thioether, a carbamate moiety, or a combination thereof]

an aroino acd residue-contairing linker, wherein the anuno acid
residue 1s covalently attached to (polvmer)s; or

a peptide linker different from the 1-10 amino acid residue or peptide
sequence;

wherein the compasition does not decrease blood pressure by more than 15% of a
baseline blood pressure measurement; and

wherein the composition increases plasma cvelic-GMP level at from 1 bour to 12
hours of a baseline plasma cyclic-GMF level, and the baseline plasma cyclic-GMP level is
an average plasma cyclic-GMP level prior to admimstration of the composition or the

average plasma cyvclic-GMP level of a healthy subject.

36. The method of Claim 35, wherein Y s a linker (YE)m-(B)n, wherein B s 1-

& amino acid residue or peptide sequence wherein each amino acid residue is independently
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sefected from 2-{2-(Z-aminoethoxyethoxylacetic acid residue, Gly, Ala, Leu, Ser, Arg, and

Lys:mis 0, 1,2 or3;nis 0, L, 2, or 3; and the sum of m and 1 1s at least 1.

37. The method of Claim 35 or Claim 36, wherein the long acting CNP
derivative is selected from
CH3{(CH 4 CEOIREKKGGGGLSKGCFGLKLDRIGEMSGLGC [SEQ I NO. 5;

CH{CH) C=0KKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO.

6

CH3(CHY) 15 CEOIKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO.
71

CH5(CH, )0 CEOIR KKK GGGGLSK GCFGLKLDRIGSMSGLGC [SEQ 1D NG,
3L

CH3(CH, 0y C(=0IKKKKGOGGLSKGOFGLEKLDRIGSMSGLGC [SEQ 1D NO.
9%

HOC(=0)CH,)140(=01yE- Aeea-Aeea-GCFGLKLDRIGS homoQSGLGC

comprising a disulfide bond between the cysteine residues {SEQ 1D NO. 20}; and
HOCEOKCH, ) C(=0-Acea-Acea-GCFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues [SEQ D NO. 211

38. The method of any one of Claims 35 to 37, wherein the long acting CNP
detivative 1s CH3(CH) 4 CEORKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID

NO. 5],

39.  The wethod of any one of Claims 35 to 37, wherein the long acting CNP
derivative is CH3(CHy ) sCEOIKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID

NO. 6].

40 The method of any one of Claims 35 (o 37, wherein the long acting CNFP
derivative is CH{(CH)pCHEOKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID

NO. 7).

41 The method of any one of Claims 35 to 37, wherein the long acting CNP
derivative is CH3{CH; )y CEOKKKKGOGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID

NO. 8],
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42. The method of any one of Claims 35 to 37, wherein the long acting CNP
derivative is CH3{CHy ), CECIKKKKGOOGLSKGCFCGLKLDRIGSMSGLGC {SEQ ID

NO. 9].

43 The method of any one of Claims 35 to 37, wherein the long acting CNP
derivative 13 HOC(E=OXCH, 3, C(=0)-vE-Acca-Aeea-GUFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues [SEQ 1D NO, 20}

44 The methad of any one of Claims 35 to 37, wherein the long acting CNP
derivative 15 HOUEOHCH;)140(=0)-Acea-Acea-GCFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysieine residues [SEQ 1D NQ. 21}

45, The method of anv one of Claims 35 to 44, wherein the composition
comprises a very long acting UNP derivative composition comprising a long acting UNP
derivative and a polymer excipient, the polymer excipient comprising a poly{amino acid}
grafted with polyethylene glycol, fatty acid, anionic moieties, or any combination thereof;
wherein the polymer excipient is adapted to sequester or non-covalently bind to the long

acting CNP derivative.

46, The method of any one of Claims 1 to 45, wherein admimstering to the
subject the therapeutically effective bolus dose of the composition decreases a total number

of cells and total proteins in a BALF sample from the subject.

47. The method of any one of Claims 1 1o 46, wherein admunistering to the
subject the therapeutically effective bolus dose of the composition decreases MPO jn alung

tissue from the subject.

48. The method of any one of Claims 1 to 47, wherein administering to the
sitbject the therapeutically effective bolus dose of the composition decreases inflammatory

cyiokine expression in the subject.

49. The method of any one of Claimis 1 to 48, wherein administering to the
subject the therapeutically effective bolus dose of the composition decreases a fibrotic area

i a lung 1n a subject having idiopathic pulmonary fibrosis,
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50. The method of any one of Claims 1 to 49, wherein admimstering to the
subject the therapeutically effective bolus dose of the composition decreases cell numbers
and protein levels, and decreases the exprassion of anv one of IL-6, IL-1b, TNFg, M{CP-1,

IFNg, or any combination thereof in a subject having idiopathic pulmonary {ibrosis.

51 The method of any one of Claims 1 to 49, wherein adrwnistering to the
subject the therapeutically effective bolus dose of the composition decreases the expression
of any one of 1L-6, IL-1b, TNFa, MCP-1, IFNg, or anv combination thereof, and decreasas

iethality in a subject having sepsis.

52. The method of any ove of Claims 1 to 31, wherein adoumstering to the
subject the therapeutically effective bolus dose of the composition decreases the expression
of anv one of AST, ALT, a-SMA, 1L.-6, IL-1b, TNFq, M{P-1, IFNg, iNOS, EIf-1, Tollip,
IRAK-1, P-P38, P-P65, B-act, STATL, P-STATI, STAT2, STAT3, STATS, afibrotic area,
serum creatinine, an albumin/creatinine ratio in urine, hyvdroxyproline in a lung, or any

combination thereof, of the subject.

53. A composition comprising a long acting ONP derivative of comprising a
formula U-CFGLEKLDRIGSXSGLGC {SEQ ID NQO. 30}, wherein
x is a natural or unnatural amino acid residue, provided that x is not a methionine
restdue; and
U has is a moiety of Formula (I}
{alipbatic),-{X}-:
H

wherein a s 1

aliphatic 1s an optionally substituied C4_»4 chain (e.g., an opiionally substituted Cyq.
14 chain, an optionally substituted Cy,.1y chain), covalently bound to X via a chenucal
finkage, such as a carbonyl {(e.g., as part of an amide or an esier Hokage), a thioether, an
ether, a thioether, a carbamate moiety, a bond. or the like with X; preferably via a carbonyi
as part of an amide or an ester linkage: or more preferably via a carbonyl as part of an
amide linkage with X

X is a linker (yE},~(B), wherein B is 1-8 amino acid residue or peptide sequence

wherein  each  amino acid residue is  independently selected from  2-[2-(2-
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aminoethoxy Jethoxy jacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1, 2, or

3:nis 0, 1, 2, or 3; and the sum of m and n is at least 1.

54. The composition of Claim 33, wherein x is homoglutamine, aliphatic is a
branched or straight optionally substituted C g chain covalently bound to X via a carbonyl
{e.g., CH3{CTH,}1s,C(=0)) or a C;g chain covalenily bound to X via a chemical linkage,
such a thioether, an ether, a thioether, a carbamate moiety, a bond, or the like with X,
preferably aliphatic is a branched or straight optionally substituted Cg chamn covalently
bound to X via a carbonyl {e.g., CH{TH,11,C(=0)) as part of an amide or ester linkage
with X; or more preferably aliphatic 1s a branched or straight optionally substituted Cyg
chain covalently bound to X via a catbonvl (e.g., CHA{(CH, ), C(=0)} as part of an amide
iinkage with X, or aliphatic is HOC(EQXCH 1, 0=0); ais 1 BisGly; mis 0, 1, or 2;
and nis 1.

5S. The composition of Claim 53, wherein x 15 homoglhutamine, aliphatic is a
branched or straight optionally substituted Cg chain covalently bound to X via a carbonyi
{e.g., CH3{CH)14C(=00 or a Ty chaim covalently bound o X via a chemical linkage,
such a thioether, an ether, a thioether, a carbamate moiety, a bond, or the hike with X
preferably aliphatic is a branched or straight optionally substituted C;g chain covalently
bound to X via a carbonyl {e.g., CH{(CH,), sC(=0)) as part of an amide or ester linkage
with X; or more preferably aliphatic 1s a branched or straight optionally substituted Cg
chain covalently bound to X via a carbonyl (e.g.. CH3{CH,)1sC{(=0)} as part of an anmude
linkage with X, or aliphatic s HOC(=OCHy) OO as E BisGly, mis L and nis
I

56.  The composition of Claim 53, x is homoglutamine, aliphatic is a branched
or straight optionally substituted g chain covalently bound to X via a carbonyl {(e.g,
CHR(CH;),,C=0)) or a Chg chain covalently bound to X via a chemical hnkage, such a
thivether, an ether, a thicether, a carbamate moiely, a bond, or the like with X preferably
aliphatic is a branched or straight optionally substituted (g chain covalently bound to X
via a carbonyl {e.g., CH3{CH,)C(=0)) as part of an amide or ester linkage with X, or
more preferably aliphatic is a branched or straight optionally substituted Cyg chamn
covalently bound to X via a carbonyl {e.g., CH3{CH,)5C(=0}} as part of an amide linkage

with X, or aliphatic is HOCEOWCH ) CEOY ais Lmis 1 andnis O
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57. The composition of Claim 53, wherein x is homoglotamine ¢homoQ) [SEQ
1D NGO 16], U is (aliphatic)a-(X}~; wherein a is O or 1 {preferably a is 1}; aliphatic 15 a
branched or straight optionally substituted C g chain covalently bound to X via a carbonyl
{e.g., CH3{CH,},C(=0)) or a C;4 chain covalenily bound to X via a chemical linkage,
such a thioether, an ether, a thioether, a carbamate moiety, a bond, or the like with X;
preferably aliphatic 15 a branched or straight optionally substituted Cig chain covalently
bound to X via a carbonyl (e.g., CH:{CH,},C(=0)) as part of an amide or ester linkage
with X or more preferably aliphatic 1s a branched or straight optionally substitged Cyg
chain covalently bound to X via a catbonyl (e.g., CHA(CH; ) ,C(=0)) as part of an amide
finkage with X or aliphatic is HOC(=0HCHy),C(=0)); X is a linker (YEu-{B)n; Bis 2-

[2-(2-anmunoethoxy yethoxy jacetic acid residue, mis O, andnis 2.

58, The composition of Claim 53, wherein x is homoglutamine (homoQ) [SEQ
1D NGO 17, U s (ahiphatic) -0~ wherein a 18 0 or 1 {preferably a is 1) aliphatic s a
branched or straight optionatly substituted C g chain covalently bound to X via a carbonyi
{e.g., CH3{CH)14C(=00 or a Ty chaim covalently bound o X via a chemical linkage,
such a thioether, an cther, a thicether, a carbamate moiety, a bond, or the hike with X;
preferably aliphatic is a branched or straight optionally substituted C;g chain covalently
bound to X via a carbonyl {e.g., CH{(CH,), ¢C(=0)) as part of an amude or ester linkage
with X; or more preferably aliphatic 1s a branched or straight optionally substitited Cig
chain covalently bound to X via a carbonyl (e.g.. CH3{CH,)1sC{(=0)} as part of an anmude
linkage with X, or aliphatic 1s HOC(=0)CHy) 1 4C(=0)); X is a linker 5B, Bis 2-

{2-(Z-amunoethoxyethoxy jacetic actd residoe, mis |, andnis 2

59 The composition of Claima 53, wherein x is homoglutamine, aliphatic is a
CH3(CH, )5 C(=0) or HOUEOHCH 160(=0; B is a 2-|2-(2-aminoethoxy Jethoxyjacetic
acid residue, mis O, andnis 2.

60. The composition of Claim 53, wherein x is homoglutamine, aliphatic i5 a
CH5{(CHy 31 6C(=0) or HOCEOKCH, 11C(=0); B 1s a 2-{2-{2-aminoethoxy jethoxyjacetic

acid residue, mis 1, andnis 2.
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61, The composition of Claim 53, wherein x 15 homoglutamine, aliphatic is a
CH3(CHy)C(=0) or HOCEOHCH,34C(=0) B is (2-{2-{2-aminoethoxy jethoxyjacetic

acid)-(2-{2-{2-aminoethoxy jethoxyiacetic acid)-(Gly), mis 1, andnis L.

62. The composition of Claim 53, wherein the long acting CNP derivative is
HOC{=0)CHj)1,C(=0)vE-Aeea-Aeca-GCFGLKLDRIGShomoQSGLGL comprising a
disulfide bond between the cysteine residues [SEQ 1D NO. 20},

63. The composition of Claim 353, wherein the long acting UNP derivative is
HOCEOCKCH, 11, C(=0)Acca-Aeca-GUFGLEKLDRIGRhomoQSGLGC  comprising  a

disulfide bond between the cysteine residues [SEQ 1D NO, 21}
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