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C-TYPE NATRIURETIC PEPTIDES AND METHODS THEREQCF IN TREATING
CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Patent Application No. 63/038,606, filed
June 12, 2020, and U.S. Patent Application No. 63/039.225, filed June 15, 2020, the

disclosure of each of which is incorporated herein by reference in its entirety.

STATEMENT REGARDING SEQUENCE LISTING
The sequence listing associated with this application is provided in text formai in
lieu of a paper copy and is hereby mcorporated by reference into the specification. The
name of the text file containing the sequence listing is 74048 Sequence txt. The text file
is 16 KB and was created on June 11, 2021
BACKGROUND

Existing Cancer Therapies

Cancer iz a leading canse of death worldwide, accounting for 7 to 8 million deaths
(approximately 13% of all deaths) vearly since 2004, Deaths from cancer worldwide are
projected 1o continue to rise, with an estimated 12 million deaths by 2030, and with lung,
stomach, liver, colon, and breast cancers deaths being the most prevalent. In 2019, roughly
1.8 million people were diagnosed with cancer i the United States, with lung, colon,
pancreas, breast or prostate, and liver cancers accountting for over half a million cases.

Existing cancer treatments are inadequale in reducing this death rate and thus
mnovative treatments are needed.  Existing cancer ireatmends, such as radiation or
chemotherapy, are associated with severe side effects that increase patient suffering. A
recent approach to treat cancer is (o activate the patient's own immune svstem fo aftack a
fumor ot a cancer by activating cytotoxic T cells within the cancer or tumor tissue, and/or
by reducing or eliminating Treg inunune cells to facilitate proliferation of cytotoxic T cells

in the cancer or tumor tissue, thereby damaging or eliminating the cancer or tumor tissue.
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For example, an immune checkpoint protein inhibitor can be used to bind directly {0 an
mamune checkpoint protein or its corresponding ligand, resulting in an activation of the
immmine system to attack tumor or cancer cells by activating cytotoxic T cells within the
cancer or tumor tissue, and/or by reducing or eliminating Treg immune cells to facilitate
proliferation of cytotoxic T cells in the cancer fissue or tumor, thereby damaging or
eliminating the cancer or tumor tissue. Another approach for cancer treatment is fo activate
natural killer cells (NK cells) and/or cytotoxic T-cells, together with suppresston of Treg
cells and/or myeloid derived suppressor cells (MBSCs).

A further approach for treating cancer is chimeric antigen receptor T-call (CAR T-
cell) therapy. In CAR T-cell therapy, a patient's T cells (a type of immune system cell} are
changed mn the laboratory so that they can be progranmuned to attack cancer cells. For
example, T cells are taken from a patient's blood, then the gene for a special receptor that
binds to a certain protein on the patient's cancer cells is added in the laboratory. The special
receptor 15 called a chimeric antigen receptor {CAR). Large nuubers of the CAR T-cells
are grown in the laboratory and given to the patient by infuston. CAR T-cell therapy is
being studied in the treatment of certain types of cancer. CAR T-cell therapy 1s also called
chimeric antigen receptor T-cell therapy. CAR specificity comes from the exiracellular
domain, which is derived from the antigen-binding site of a monoclonal antibody that
recognizes the tumor, while the intracelhdar domain recapitulates the normal series of
events by which T cells are activated and mcorporates stimudatory and costimulatory
domains, such as CD28 or 4-1BB (CD137), to augment CAR T-cell swrvival and
proliferation. Because CAR T-cells carry their own co-stimufatory signaling, in theory
they are less likely 1o be down-regulated by tumor cells compared to uomodified T cells.
CAR T-cell side effects include cyiokine release syndrome similar to flu-like symptoms,
bui can someiimes be serious and life threatening,  An additional side effect inchudes
neurologic events such as encephalopathy (brain disease, injury, malfunction), confusion,
aphasta (difficulty understand or speaking). drowsiness, agitation, seizures, loss of balance,
and altered consciousness.

It is believed that any drug that can activate the cviotoxic/Killer cells of the wwoune
system {e.g., cytotoxic T cells and NK cells) to attack tumor or cancer is effective in

numerous cancers.  However, the use of cyvtotoxic T cell or natural killer cell
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immunostimulants such as immune checkpoint infubitors that bind directly to imumune
checkpoint proteins or thewr ligands to facilitate turmor destruction can also result in severe
autoimmune disease and/or damage to healthy organs. Despite the risk, several cytotoxic
cell immunostinuidants have been developed and approved bv the Food and Drug
Adnunistration for the treatroent of various cancers or malignancies because of their high
benefit {e.g, survival} to risk {e.g , immune-related side effects) ratio.

For example, immune checkpoint protein PD-1 inhibitors such as nivelumab and/or
pernbrolizumab {anti-PD 1 antibodies) were approved by the FDA for the treatment of
squamous cell head & neck cancer, malignant melanoma, Merkel cell carcinoma,
hepatocellular carcinoma, advanced renal cell carcinoma, cancers due to microsatellite
instability-high (MSI-H} or defect in mismatch repair (dMMR), cervical cancer, small cell
fung carcinoma, non-small cell lung carcinoma, gastric and GEJ  carcinoma
{adenocarcinomas of the esophagogastric junction), FMBCL (primary mediastinal B-celi
iymphoma, a rare B-cell non-Hodghkin fymphoma), classical Hodgkin lvmphoma, and
locally advanced or metastatic urothelial cancers. Some representative examples of
cytotoxic cell immunostimilants that have utility against muliiple cancers include 1}
pembrolizumab (Keviruda®), prescribing information revised: 02/2019; 2} mvolumab
{Opdivo®), prescribing information revised: 02/2019; 3} ipthiowumab (Yervov®),
prescribing information revised: 07/2018; 4) atezolizumab {Tecentriq®), prescribing
information revised: 03/2019; 3) avelumab (Bavencio®), prescribing information revised:
10/2018; 6) durvalumab (Imfinzi®), prescribing information revised: 02/2018; and 7)
cemiphimab (Libtayo®), prescribing nformation revised: (9/2018).  However, the
etfectiveness of these immunostimulants remans liratted (see, e g, Fashovin-Aji efal, The
Oncologist 2019; 24:103-109, incorporated herein by reference in Hs entirety). and these
imnmunostimulants carry the risk of severe autoimmume side effects. Nevertheless, because
of the utility of cvtotoxic cell invnunostimulants for the treatment of many tyvpes of cancers,
the FDA has approved several cytotoxic cell immunostinulants for multiple cancers
including cancers of head and neck, skin {e.g., Merkel, squamous, melanoma), liver {e.g.,
hepatocellular carcinoma), kidney, cervix, lung (e.g., small cell and non-small cell), breast,
stomach. colon, esophagus, lymph node {e.g, Hodgkin & non-Hodgkin PMBCL),

pancreas, stomach, ovaries and other organs of the body {e.g., caused by microsatellite
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mstability-high (MSI-H) or defect in mismaich repair (dMMR)), urethra, bladder, ureters,
renal pelvis and surrounding organs {urothelial cancer).

CNP and NPRB receptor

{INP was first isolated in 1990 from porcine brain by Sudoh ef &/, and is a peptide
that consisis of 22 amino acid residues. See, e.g., Sudoh ef af, Biochem. Biophys. Res.
Cormmun. 1989; 139:1427-1434. CNP has a ning structure and is sinular structurally to
related natrivwretic peptides, atrial natriuretic peptide {ANP), and B-tyvpe natriuretic peptide
{BNP), but lacks a carboxy-termunal extension. See, e.g., Hunt ef af., J. Clin. Endocrinol.
Metab. 1994; 78:1428-1435. CNP 15 a highly conserved natriuretic peptide among various
species. See, e g., Imwra ef @i, Front. Neuroendocrinol. 1992; 13:217-249. For example,
m humans, CNP gene (NPPC) 15 located on chromosome 2, whereas the mouse CNP gene
is located on chromosome 1. CNP gene is composed of two exons and one intron. See,
e.g, Ogawa ef af., The Joumal of Clinical Investigation. 1994, 93:1911-192110; and
QOgawa ef al., Genomics, 1994; 15(24):383-387. U 1s produced as a preprohormone or a
126 amino acid residue parsnt-CNF peptide that is converted to 103 amino acid residue
pro-CINP after removal of 23 amino acid residues at the carboxyl end, and is further
processed to a §3 anuno acid residue~-containing CNP-33 and a 22 amino acid residue-
containing CNP by the enzyme furin. See, e.g, Lumsden ef af., Curr. Pharm. Des. 2010;
16:4080--4088; Wueral, J. Biol Chem 2003, 278:25847-25852; and Chopra ef al., Indian
J. Endocrivol. Metab. 2013; 17:83-90. The higher mwolecular weight CNP-53 (CNP 51-
103} predomuinates in tissues, whereas CINP-22 (CINP 82-103) 1s found mainly in plasma
and cerebrospinal fluid but both contain 17-amino acid residue ring structure common to
all vatriuretic peptide. v comparison fo ANP and BNP, the plasma balf-1tfe of CNP 15
relatively short and is about 2 to 3 nun in humans. See, e g, Potter LR FEBS 1. 2011;
278:1808-1817. Normal plasma CNP concentrations (both forms) are in low femtomole
per nulliliter range. See, e.g., Das B.B. and Solinger R, Cardiovasc Hematol Agenis Med
Chem. 2009, 7, 29-42. CNP is mainly produced and secreted from the endothelium of
vasculature and male genital glands and acts as a relaxing peptide. See, e.g., Suga ef /.,
Endocrinology. 1998 139:1920-1926.

CNP peptides have two known membrane receptors, namely natriuretic peptide

receptor B (NPRB) and natriuretic peptide receptor € (NPRC). The NPRB receives
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messages from CNP and activates downstream signaling pathways, whereas NPRC is
mainly a clearance receptor that is primarily involved n clearance or degradation of CNP.
See, e.g., Htoh H and Nakao K, Nihon Rinsho. 1997; 55:1923-1936; Koller er 4/, Science.
1991; 252:120-123; Suga ef al., Endocrinology. 1992; 130:229-239; and Potter LR and
Hunter T. 1. Biol. Chem. 2001, 276:6057-6060. NPRB is also known by other names such
as guanylate cvelase B (GC-B) or B-type natriuretic peptide receptor 2 (NPR2).

The remaining natrivretic peptide receptor, NPRA, is activated by atnial natriuretic
peptide (ANP) and B-type natniuretic peptide (BNP), but 18 not activated by CNP. While
ANP and BINP activate both NPRA and NPRB, CNP selectively activates NPRB, and all
three natriuretic peptides bind to NPRC {which lacks guanviyl cyclase activity) and
undergo clearance and degradation. See, e.g., Koller ef ol | Science. 1991, 252:120-123;
Suga er af., Endocrinology. 1992; 130:229-239; and Potter LR and Hunter T. J. Biol
Chem. 2001; 276:6057-6060. The differences in the phvsiological consequences of
activation of one receptor versus both NPRA and NPRB receplors remain unclear. In
addition, testing of the in vive effects of UNP is confounded by the difficulty of siraple
bolus admimstration of CNP because of its short half-life (2-13 mimutes), and the fact that
bolus admirstration 1s associated with an acute drop in blood pressure. See, e g, Kimura
er al., § Surg Res. 2015, 194(2); 631-637. Indeed, it 1s unknown prior to the present
disclosure whether NPRB agonist or CINF can be given as a bolus to treat cancer, nor
whether NPRB agornist or CNP can be given as a bolus dose to treat cancer in combination
with immmne checkpoint inhibitor(s) or CAR T-cell therapy.

Cell culture studies have shown that ONP did not inhibit growth of smali-cell lung
cancer cells {see, e.g., Vesely ef af, Eur J Clin Invest 2005, 35(1}, 60-69) and breast
adenocarcinoma cells (see, e.g., Vesely ef @/, Bur J Clin Invest 2005, 35(6), 388-398}; and
at 1 pM had no anti-cancer effects in general (see, e.g., Vesely, Curr Pharm Bes., 2010, p
1159-1166; US Patent No. 7,846,900) compared to 1 uM for other natriuretic peptides such
as long acting natriuretic peptide {LANPY, vessel dilator, kaliuretic peptide, and ANP. A
fess significant effect was observed when the conceniration was increased. To have an
etfect in cell culture, a 100-fold concentration i the culture medinm was required (7. e., 100
uM or 220 po/mi in culture medium). However, a concentration of 200 pg/ml in the blood

is impractical to use in vivo because it would require irapractical doses of more than 200
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me/Kg, when accounting for loss of bioavailability and degradation common to most in
vivo-administered peptides.

Furthermore, it is known that CINP should not be used as a bolus dose to destroy or
stop cancer cells, because CNP is known to elevate intracellular cyclic-GMP, and elevation
of intracellular cyclic-GMP protects cells from apoplotic death and is thus condrary to the
objectives n cancer treatment.  Intracellular cyvclic-GMP does not escape from the cell
efficiently and consequently most studies measure cyclic GMP in the intracellular
coropartment. Other studies (see, e.g., US Patent No. 9,759,725} describe wnhibiting CNP
production to treat cancer, and thus is contrary to using guanylate cvclase C agonists suc
as UNP to destrov cancer cells.

EP 318983581 described suppressing the metastasis of a malignant tuor by
continuous infusion of native CNP, a nairiuretic peptide receptor GC-B agonist, 1o increase
mtracellular cyclic-GMP. However, EP 31898335B1 does not describe increasing plasma
cyelic-GMP by administration of a bolus of long acting CNP. Ag a skilled person of the
art would appreciate, continuous infusion is considered to be impractical, less convenient,
and does not increase plasma cyclic-GMP without also causing a corresponding drop in
blood pressure when used as a method of treatroent. Furthermore, bolus admunistration of
NP 1s understood to be undesirable because the half-life of CINP is very short (2 minutes)
and a bolus dose will therefore be degraded very quickly before it can have any effect.
Addittonally, a short spike of CNFP can cause an acute hypotension known {0 be dangerous
to patients and is a liability. Indeed, it is not known to treat cancer with a bolus
administration of CNP without causing a drop in blood pressure. For example, for the CNP
freatment of rhabdomvosarcoma tumor bearing mice, CNP must be adnunistered by
infusion at a stow rate of 2.5 ug/ke/min for 4 weeks {see, ¢.g, Zenitani ¢/ af., Cancer Med.,
2016 S(5) p 795-805) rather than a bolus dose; with himited efficacy. Additionally, such
treatroent has sigoificant lioutations and requires an infusion purop that must be carefully
calibrated to decrease the likelihood of severe blood pressure drop.

A previous study in healthy human volunteers demonstrated that CNP bolug
mjection caused a trapstent but significant decrease n both sysiolic and dastolic blood
pressure with a significant increase in heart rate, with only a limited and {ransient increase

in plasia ey clic-GMP of less than 90 minutes. Igaki e/ al, Hypertens Res 1998; 21: 7-13.
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In general, all CNPs produce hemodvnamic effects or simuilar blood pressure-reducing
activily in mice, nonhuman primates, rats, dogs, and hamans. See, e.g, Wendt ef ¢, ]
Pharmacol Exp Ther 353:132-149, April 2015 A CNP variant (BMN-111; sequence
PGOEHPNARK YKGANKKGLS KGCFGLKLDR IGSMSGLGC(SEQ ID NO. 1)) with
mereased veutral-endopeptidase (NEP) resistance s currently 1o developroent. Studies of
BMN-111 in animals and man have demonstrated that as the dose increases to the desired
therapeutic level, arterial blood pressure {(BP} drops and heart rate (HR) increases. In
addition to mvestigating various varianis of CNP, different CNP conjugates were obtained
by conjugating the UNP moiety to either PEG or proteinaceous compounds. These
PEGylated and chimeric CNP exhibited a similar hemodynamic response as observed for
the non-PEGylated CNP variants. Al vananis previously studied showed simalar BP-
reducing activity. See, e.g.. Wendt, J., Pharmacol Bxp Ther 353:132-149. Aprii 2015
Therefore, without wishing to be bound by theory, it is believed that increasing the bolus
dose of a drug having CNP activity {o mcrease drug exposure may be associated with
unacceptable cardiovascular side-effects, such as hypotension

There i3 a nead for efficacious, safe, and convenient {e.g., bolus administration}
cancer treatroents which do not cause cardiovascular side~effects, such as hypotension,
while maintaining or enhancing blood cvclic-GMP fevel. 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 1s not intended
1o 1dentify key features of the claimed subject matter, nor 1s if intended to be used as an aid
in determining the scope of the claimed subject matter,

In one aspect, the present disclosure features a method of treating a subject having
an abnormal vasculature, in any tissue or organ, including adnunisiering fo the subject a
therapeutically effective bolus dose of a composition comprising a long acting UNP, avery
iong acting CNP, a long acting CUNP derivative, a very long acting CNP derivative, a long
acting NPRB agonist, a very long acting NPRB agonist, or any combination thereof,
wherein administering the therapeutically effective bolus dose of the composition provides

a vasculature normalization or an increase in pericyte coating index by at least 10% {e.g.,
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by at least 15%, or by at least 20%:}, 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, where the baseline blood pressure
measurement is an average blood pressure prior to administration of the composition, and
wherein the composition jncreases plasma cvelic-GMP level at from 1 hour to 12 hours
{e.g.. 2% 12 hours, 4 t0 12 hours, | hour t0-24 hours, 2 o 24 hours, 4 to 24 hours, 1 howr
1o 84 hours, 2 1o 84 hours, 4 to 84 howrs, 12 to 84 hours, 1 howr to 168 hours, 2 to 168
hours, 4 1o 168 hours, or 12 1o 168 howurs) to above 1.5x {e.g., above 2x, above 3x, above
4x, or above 5x} after adnunistration of a baseline plasma cvclic-GMP level, and the
baseline plasma cvclic-GMP level is an average plasma cvelic-GMP level prior io
adnunistration of the composition or the average plasma cvelic-GMP level of a healthy
subject {preferably the average plasma cyvclic-GMP level prior to administration of the
composition for the subject). The subject can further have a low number of cviotoxic T
cells, a low number of activated NK cells, or both a low number of ¢yvtotosic T eells and a
low number of activated NK cells.

In another aspect, the present disclosure features a method of increasing cvtotoxic
T-cells and/or activated NK cells, including administering to a subject in need thereof a
therapeutically effective bolus dose of a composition including a long acting UNP, a very
long acting CNP, a long acting CNP derivative, a very long acting UNP derivative, a fong
acting NPRB agonist, a very long acting NPRRB agonist, or any combination thereof,

wherein adnunistering the therapeutically effective bolus dose of the composition
provides an increase in the number of cytotoxic T cells and/or NK cells of at least 15%
{e.g.. of at least 20%, or of at least 30%) above the level prior to adnunistration of the
composition or above the level in a healthy subject, wherein administering the
therapeutically effective bolus dose of the composition does not decrease blood pressure
by more than 20% (e.g., by more than 15%, by more than 10%, ot by more than 5%j) of a
baseline blood pressure measurement, where the baseline blood pressure measurement is
an average blood pressure prior to admunistration of the composition, and wherein the
composition wcreases plasma cyclic-GMP level at from | hour to 12 hours {e.g., 2 10 12
hours, 4 to 12 hours, | hour t0-24 hours, 2 to 24 hours, 4 10 24 hours, 1 hour to 84 howrs, 2

o 84 hours, 4 {0 84 hours, 12 {0 84 hours, 1 hour to 168 hours, 2 1o 168 hours, 4 to 168



WO 2021/252931 PCT/US2021/037061

o]

10

15

[ae
o

o]
[

30

hours, or 12 to 168 hours) after administration to above 1.5x (g.g., above 2x, above 3x,
above 4x, or above 5x) of a baseline plasma eyclic-GMP level, and the baseline plasma
cyclic-GMP level is an average plasma cyclic-GMP level prior to adminustration of the
composition or the average plasma cyclic-GMP level of a healthy subject {preferably the
average plasma cvelic-GMP level prior to adrouustration of the composition for the
subject}.

In yet another aspect, the present disclosure features a method of treating a subject,
the subject having an abnormal vasculature, in any tissue or organ, and the subject has a
condition (i) to {viii}: (i) a low nummber of cytotoxic T cells, (i1} a low number of activated
NK cells, (i1} a high number of Treg cells, (iv) a high level of expression of TGFS, (via
high level or expression of Foxp3, (vi) a high number of myeloid-derived suppressor cells
or MDSCs, {vii) a high level or expression of BvS8; or (viit} anv combination thereof, or the
sutbject is in need of (ix) to {xvi}: (ix) an increase in a number of cvtotoxic T-cells; (x) an
mnecrease n activated NK cells; (xi) a decrease in a number of Treg cells; (xu1) a decrease in
TGF-§ expression; (xiit} a decrease in Foxp3 expression; (xiv}) a decrease in a number of
myeloid-derived suppressor cells (MDSCs); (xv) a decrease in Bv8 expression, or (xvi) any
combination thereof, including admunistering to the subject a therapeutically effective
bolus dose of a composition comprising a long acting CNP, a very long acting CNP, a long
acting UNP derivative, a very long acting CNP derivative, a long acting NPRB agonist, a
very long acting NPRB agonisi, or any combination thereof,

wherein adnunistering the therapeutically effective bolus dose of the composition
provides a vasculature normalization or an increase in pericyte coating index by at least
10% {e.g., by at least 15%, or by at least 20%), a reduction 1o fumor size when present, an
increase inn the number of cytotoxic T-cells, an increase in the number of activated NK.
cells, a reduction in the namber of Treg cells, a decrease in the level or expression of TGFR,
a decrease in the level or expression of Foxp3, a decrease in the number of myeloid-derived
suppressor cells (MDSCs), a decrease in the level or expression of Bv8, an improvement
in survival/lifespan, or a 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, where the baseline blood pressure

measwrement is an average blood pressure prior to admimstration of the composition; and
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wherein the composition increases plasma cyclic-GMP level at from 1 hour to 12 hours
{e.g., 2 t0 12 howrs, 4 to 12 hours, 1 howr t0~24 howrs, 2 to 24 howrs, 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 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 cvclic-GMP level, and the
baseline plasma cyclic-GMP level is an average plasma cvclic-GMP level prior to
admunistration of the composition or the average plasma cyclic-GMP level of a healthy
subject {(preferably the average plasma cvclic-GMP level prior to admimstration of the
composition for the subject). In some embodiments, the subject can further have a low
number of cyiotoxic T cells, a low number of activated NK cells, or both a low number of
cyviotoxic T cells and a low number of activated NK cells.

In another aspect, the present disclosure features a method of treating a subject
having one or more of a condition selected from a tumor, an abnormal vasculatwe in a
tumor tissue, a low number of cviotoxic T cells, a low number of activated NK cells, a
high number of Treg cells, a high level of expression of TGEp, a high level or expression
of Foxp3, a high number of myeloid-derived suppressor cells or MI3SCs, and a high level
or expression of BvE; or the subject 1s in need of an increase in a number of cvtotoxic T-
cells; an increase in activated NK cells; a decrease in a number of Treg cells; a decrease in
TGF-B expression; a decrease in Foxp3 expression; a decrease in a number of myeloid-
derived suppressor cells (MDSCs); a decrease in Bv8 expression, or any combination
thereof, including administering to the subject a therapeutically effective bolus dose of a
composition including a long acting CNP, a very long acting CNP, a long acting CNP
derivative, a very long acting CNP derivative, a long acting NPRB agonist, a very long
acting NPRB agomist, or any combination thereof, wherein administering the
therapeutically  effective bolus dose of the composition provides a vasculature
normalization or an increase in pericyte coating index by atleast 10% (e.g , by atleast 15%,
or by at least 20%) (e.g., within the fumor tissue), a reduction in tumor size, an increase in
the mumber of cytotoxic T-cells, an increase in the number of activaied NK cells, a
reduction in the muraber of Treg cells, a decrease in the level or expression of TGFB, a
decrease in the level or expression of Foxp3, a decrease in the number of myeloid-derived

suppressor cells (MDSCs), a decrease in the level or expression of BvE, an improvement

-10-
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in survival/lifespan, or a combination thereof, and 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 3%) of a baseline blood pressure measurement, where the baseline blood
pressure measurement is an average blood pressure prior to administration of the
composition; and wherein the composition increases plasma cyvelic-GMP level at from 1
hour to 12 hours after adnunistration {e.g., 2 to 12 hours, 4 10 12 hours, 1 hour t0-24 hours,
2 10 24 hours, 4 to 24 howrs, 1 hour to 84 hours, 2 to 84 hours, 4 to 34 hours, 12 to 34 hours,
1 hour to 168 hours, 2 10 168 hours, 4 to 168 hours, or 12 {o 168 hours) to above 1.5x{e.g,
above 2x, above 3x, above 4x, or above 5x) of a baseline plasma cyclic-GMP level, and
the baseline plasma cvclic-GMP level is an average plasma cyclic-GMP level prior to
adnunistration of the composition or the average plasma cyclic-GMP level of a healthy
subject {preferably the average plasma cyvclic-GMP level prior to administration of the
composition for the subject).

In another aspect, the present disclosure features a method of treating cancer, or
treating abnormal vasculature, including administering to the subject in need thereof a
therapeutically effective bolus dose of a composition including a long acting NP

derivative or a very long acting NP derivative  including U-

GLSKGCFGLEKLDRIGSMSGLGC [SEQ D NO. 2, U-
GLSKGCFGLK(U)LDRIGSMSGLGC [SEQ ID NO. 3l

GLSKGCFGLK{ULDRIGSMSGLGC [SEQ ID NO. 4], U-CFGLKLDRIGSYSGLGC,
where x is a natural or unnatural amine actd residue {SEQ IDNO. 11], or any combination
thereof, where each individual capital letter, with the exception of U, is an amino acid
residue as represented by one-letter amino acid nomenclature, and where U 15 a motety of
Formula (1} or (i), where Formula () is
{aliphatic},~(X}-;
(B

wheretn ais 0 or 1 (preferably a iz 1); aliphatic is an optionally substituted Cy 54 chain
{e.z., optionally substituted (.4 chain, optionally substituted Cy;.q¢ chain), covalently
bound to X via a chemical linkage, such as a carbony! {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 carbony! as part of an amide or an ester linkage, or more preferably via a

=11-
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carbonyl 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}, glvcine (), alanine {(A), glutamic acid (), and aspartic acid (D) or Xis a
Huoker (yE)~(B),. wherein B 1s a 1-8 arine acid residue or peptide sequence wherein each
amino acid restdue 1s independently selected from 2-[2-(2-anunoethoxy Yethoxy jacetic acid
residue, Gly, Ala, Leu, Ser, Arg.and Lyvs;mis 0, 1,2, or3;nis 0, 1, 2, or 3; and the sum
of mandnis at least 1, and

Formulda (11} 1s

{polymen (Y )
iy

wherein ais 0 or | {preferably a is 1); polvmer s cellulose, polv(ethylene glveol)
{PEG), methoxy poly{ethylene glycoly (MPEG), poly(lactic-co-glycolic acid), poly{N-
vinyi pvrrolidone), or a dertvative thereof, Y 1s: a 1-10 anuno acid residue or peptide
sequence, wherein each aroino acid residue is independently selected from lysine (K),
arginine (R), glycine {((3), alanine (A), ghitanic acid (E), and aspartic acid (D); a non-amino
acid linker comprising an ester, an amide, a thicether, an ether, a thicether, a carbamate
moiety, or a combination thereof, an amuno acid residue-containing linker, wherein the
amino acid residue is covalently attached to (polymer)a; or a peptide linker different from
the 1-10 amino acid residue or peptide sequence,

wherein the compostiion does not decrease blood pressure by more than 15% of a
baseline blood pressure measwrement, where the baseline blood pressure measurement is
an average blood pressure prior to admunisiration of the composition; and wherein the
composition increases plasma cyclic-GMP level at fromo | how to 12 bhours after
adnunistration {e.g., 2 to 12 hours, 4 to 12 hours, 1 hour t0-24 hours, 2 to 24 hours, 4 10 24
hours, 1 hour to 84 hours, 2 i 84 hours, 4 to 84 hours, 12 to 84 hours, 1 hour to 168 hours,
2 to 168 hours, 4 1o 168 hours, or 12 to 168 hours) to above 1.5x {e.g., above 2x, above 3x,
above 4x, or above 3x} of a baseline plasma cyclic-GMP level, and the baseline plasma
cyclic-GMP level s an average plasma cyclic-GMP level prior to admunistration of the
composition ot the average plasroa cyvelic-GMP level of a healthy subject (preferably the
average plasma cvclic-GMP level prior to adminisiration of the composition for the

subject}.
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In sorse embodiments, Y 1s a linker (yE),-(8),. wherein B 15 a 1-8 amino acid
residue or peptide sequence wherein each amino acid residue is independently selected
from 2-{2-(Z-aminoethoxy Jethoxy |acetic acid residue, Gly, Ala, Ley, Ser, Arg, and Lys; m
180, 1,2, 0r3:n1s 0, 1, 2, or 3; and the sum of m and n is at least 1. In some embodiments,
U can be covalently bound to an N-terminal G or € residue and/or to an epsilon amino
group of K residue.

In one aspect, the present disclosure provides a composition including a long acting
CNP denvative comprising a peptide of formula U-CFGLKLDRIGSxSGLGC [SEQ 1D
NG, 30], wherein x 15 a natural or unnatural aminoe acid residue, provided that x isnot a
methionine residue; and U has is a motety of Formula (1)

{aliphatic) (X~
)

wherein ais 0 or 1 (preferably ais 1}

aliphatic is an optionally substituted Cy.54 chain {e.g., optionally substitited Cyg.04
chain, optionally substituted Cy;_;5 chain}, 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 moiety, a bond, or the like with X preferably via a carbonyl as part
of an anmude or an ester hnkage; or more preferably via a carbonyvl as part of an amude
linkage with X; and

X 15 a linker (yE},-(B),, wherein B is 1-8 amino acid residue or peptide sequence
wherein  each amino  acid residue 18 ndependently  selected  from  2-[2-(2-
aminosthoxy 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.

In another aspect, the present disclosure features a method of treating a subject
using a method described above with, or withoui, additional treatment with one or more
mmunostimulant(s) including immune checkpoint inhibitor(s} and/or CAR T-cell therapy.

DESCRIPTION OF THE DRAWINGS

The foregoing aspects and many of the attendant advantages of this disclosure will
become more readily apprecialed as the same become better understood by reference to the
following detailed description, when taken i cowjunction with the accompanying

drawings, wherein:
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FIGURE 1A 15 a graph of plasma UNP [mean (SD}; n= 3] in CD-1 mice after
subcutaneons administration 2.0mg/Kg of native UNP, CNP denvative (dCNP), and very
long acting CNP denvative (VLA-dCNP)Y. The inset is an enlarge scale of the left botiom
corner to show the low plasma level of CNP {diamond} when native UNP was administered.
Error bars represent standard deviation of =5 plasma saroples. Baseline CNP level prior
{0 administration was 1.74 (0.6} ng/mL [mean (8D); n=15]. FIGURE 1A shows the
sustained plasma presence of dCNP and VL A-dCNP after bolus administrations in mice.

FIGURE 1B is a graph of plasroa cGMP i male C37BL/6J rowce measured usiog a
cGMP kit from CisBio [Codolet, France] after subcutaneous administration 1.0mg/Kg of
native CNP, UNP derivative (dUNP}, and very long acting CNP derivative {VLA-dCNP).
Baseline plasma ¢GMP level was 20 (3.7) pmol/ml or 7 {1.3) ng/mL [mean (SEM); n=8].
At 2 hours and beyond, subcutaneous adninistration of native NP did not have significant
elevation of plasma cGMP compared to the baseline, while simular administration of long
acting CNPs (dCNP and VLA-dCNP) showed sigoificant elevation of cGMP for at least
24 hows. FIGURE 1B shows the sustain presence of cyclic-GMP after bolus
administrations of dCNP and VLA-ACNP compared {o native CNP in mice.

FIGURE ZA is a graph showing that a very long acting CNP denvative (VLA-
dUNP} of the present disclosure increases plasma ¢GMP for 3 davs without an associated
drop in blood pressure. The graph shows a corresponding increase in plasma cGMP [mean
(SEM): n=12}] in dogs [mean (SEM}); n=12] as monitored afler bolus admunistration of
25ug/Ke of very long acting CNP derivative (VLA-dUNP), very long acting BNP
derivative (VLA-dBNP), or very long acting BNP derivative (VLA-dANP). The baseline
plasma ¢GMP level was 8 (2 ng/mb [mean (SD); n=12}, alevel which 1s sinular to healthy
human (see, ez, Igaki ef o/, Hypertens Res 1998; 21 7-13, incorporated heremn by
reference in its entirety.  All very long acting formulation of natriuretic peptide increases
cGMP above the baseline of 8ng/rol. The ¢GMP AUC are VLA-dANP 3,483 ng*h/ol.,
VLA-EBNP 2,585 ng*h/mL, VLA-ACNP 2,627 ng*h/mL. The very long acting CNP
derivative (VLA-dONP) increased plasma cvclic-GMP for 3 days withowt an associated
drop in blood pressure. FIGURE 2A shows the sustained presence of cyclic-GMP after
bolus adnunistration of VLA-AUNP compared to two other very long acting natriuretic

peptides from the same famuly.
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FIGURE 2B is graph showing mean arterial pressure in dogs [mean {(SEM); n=12]
as monitored after bolus administration of 25ug/Kg of very long acting CNP dernivative
(VLA-dCNP), very long acting BNP dertvative (VLA-dBNP), or very long acting BNP
derivative (VLA-dANP). VLA-JUNP does not cause significant blood pressure drop 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 denivatives caused more
than 15% drop in blood pressure. This is especially true for VEA-dANP where the drop in
blood pressure can be as much as 50% for a sinular increase i cGMP. To stark contrast,
the very long acting CNP denvative (VEA-dCUNP) increased plasma cvelic-GMP for 3 davs
without an associated drop in blood pressure. FIGURE 2B shows that absence of a drop in
blood pressure after bolus administrations in dogs of a high dose of VLA-JCNP while the
iwo other very long acting natriuretic peptides from the same family showed similar
elevation of plasma eyclic-GMP but with dramatic drop in blood pressure (FIGURE 2A}.
This indicates that plasma cychic-GMP 15 vot the cause of the drop in blood pressure.

FIGURES 3A and 3B are a graph and associated micrographs showing that VLA-
dCNP increased cluster of differentiation 8 positive (CD8+} T cells in breast tumor,
mdicating that VLA-ACNP facilitated entry, activation of tumor killing cells, and/or
suppression of tmmune checkpoint inhibition against fumor.

FIGURE 3A 15 a graph of the number of CD&+ T cells per field in the micrographs
of FIGURE 3B,

FIGURE 3B is a series of micrographs. The numbers of CD8-positive cells per
fields were counted in FIGURE 3A; error bars are SEM. Statistical analysis was performed
by Student t- tests by using GraphPad Prism 6.0 (n =4). *P < 0.05.

FIGURES 4A-4C are a series of graphs showing that VLA-dCNP increased
activated T cell in breast turor, indicating that VEA-ACNP facilitated entry, activation of
turmor killing cells, and/or suppression of immune checkpoint inhibition against the tumor,

FIGURE 4A is a bar graph showing the amount of CD8 cells in a control mouse
group and a group freated with VLA-dCNP.

FIGURE 4B 15 a bar graph showing the amount of activated CDS cells in a control

mouse group and a group treated with VLA-JCNP.
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FIGURE 4C is a bar graph showing the amount of activated NK cells in a control
mouse group and a group treated with VLA~JCNP.

FIGURE 5A is a bar graph showing that VL A-dCNP eradicated Regulatory T cell
in breast cancer/tumor, alfowing the immune system to suppress tumor growth,

FIGURE 5B is a bar graph showing that VLA-dCNP decreased Tim3 in breast
cancer cell/tumor,

FIGURE 6 1s a graph showing the effect of VLA-ACNP on bone tumor volume
growth with or without cluster of differentiation 8 (CDR) depletion.

FIGURE 7 is a graph showing that VLA-dCNP suppressed the size of growth of
bone cancer in subcuiansous implantation model in mouse.

FIGURE 8A is a bar graph showing the effect of VLA-dCNP on bone turnor volume
erowth with or without cluster of differentiation & (CDS8) depletion in an orthotopic
implantation (femur} model in mice.

FIGURES 8B-8D are a series of bar graphs showing the effect of VLA-dCNP on
activation of immunity in bone cancer subcutanecus implantation mouse model.

FIGURE 8B is a bar graph showing the expression of TGF-beta 1 in a control mouse
group compared to a group treated with VLA-dCNP.

FIGURE 8C is a bar graph showing the expression of Foxp3 in a control mouse
group compared to a group treated with VLA-dCNP.

FIGURE 8D is a bar graph showing the expression of Bv8 in a control mouse group
compared to a group treated with VEA-dCUNP,

FIGURES 9A and 9B are a sertes of mucrographs and a bar graph showing that
VELA-dCNP vormalized tumor vascular structure.

FIGURE 9A shows the fluorescence microscope images of red CD31 and green
alpha-SMA for a sample treated with a control formulation and a sample treated with BLA-
dCNP,

FIGURE 9B is a bar graph showing the % mdex of pericyte-coating.

FIGURES 10A and 10B are a series of micrographs and an assoctated bar graph

showing that VL A-dCNP pormalized turoor vascular siructure.
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FIGURE 10A shows the fluorescence microscope images of red CD31 and green
lectin for a sample treated with a control formulation and a sample treated with VL A-
dCNP.

FIGURE 10B is a bar graph showing the count of CD31 and lectin structure per
field; error bars are SEM. Statistical analysis was performed by Student t-tests by using
GraphPad Prism *P < 0.03 vs. Control group (n =3).

FIGURES 11A-11B are a series of mucrographs and associated bar graph showing
that VL A-dCNP reduced hypoxia condition in tumor tissue,

FIGURE 11A shows the fluorescence nucroscope images of red pimonidazole.

FIGURE 11B is a bar graph showing the percentage of relative intensity of red
pimonidazole; error bars are SEM. Statistical analysis was performed by Student t-tests by
using GraphPad Prism *P < 0.05 vs. Control group (n =4}.

FIGURE 12 13 a table showing the tumor size on various days with treatment with
the indicated agents; VLA-dCNP and anti-mouse cytotoxic T-lymphocyie-associated
protein 4 ({CTLA-4} antibody combination therapy suppressed the growth of colon cancer
in a subcutaneous implantation model in mouse.

FIGURES 134 and 13B are a graph and associated table showing that VLA-dCNP
and anti-{cviotoxic T-lymphocyie-associated protein 43 CTLA-~4 antibody combination
therapy suppressed the growth of colon cancer in 3 subcutangous implantation model in
nmouse.

FIGURE 13A is a graph showing tumor size as a function of dayvs with treatment
with the indicated agents.

FIGURE 138 i3 a table showing turnor size on selected days with treatroent with
the indicated agents.

FIGURE 14 13 a table showing tumor size on selected days with treatment with the
indicated agenis; VEA-dCNFP and anii-mouse Programmed cell death protein 1 (PD-1)
anithbody combination therapy suppressed the growth of colon cancer in subcutaneous
implantation model in mouse.

FIGURE 15 15 a table showing turoor size on selected days wuth treatment with the

mdicated agents; VLA-dCNP and anti-cytotoxic T-lymphocyte-associated protein 4

-17-
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{(CTLA-4) antibodv combination therapy suppressed the growth of skin cancer in
orthotopic transplantation model in mice.

FIGURE 16 is a table showing tumor size on selected days with treatment with the
indicated agents; VLA-ACNP or dCNP and anti-mouse Programmed cell death protein 1
{PD-1) antibody corobination therapy suppressed mouse breast cancer in orthotopic
iransplantation model in mice.

FIGURE 17 15 a table showing tumor size on selected days with treatment with the
mdicated agents; YLA~dCNP aod anti-mouse PD-1 (Programmed cell death protemn 1)
andtbody combination therapy suppressed the growth (volume) of breast cancer in
orthotopic transplantation model in mice showing dose response manner.

FIGURES 18A and 18B are a graph and associated table showing that VLA-dCNP
and anti-Programimed death-ligand (PD-L1) antibody combination therapy suppressed the
growth {volume) of breast cancer in orthotopic transplantation model in mice.

FIGURE 18A is a graph showing tumor size as a function of days with treatment
with the indicated agents.

FIGURE 18B is a table showing tumor size on selected days with treatroent with
the indicated agents.

FIGURES 19A and 19B are a graph and associated table showing that VLA-dCNP
and anti-PD-1 antibody combination therapy suppressed the growth {volume} of breast
cancer it orthotopic fransplantstion model in nuce.

FIGURE 19A is a graph showing tumor size as a function of davs with treatment
with the indicated agents.

FIGURE 198 i3 a table showing turnor size on selected days with treatroent with
the indicated agents.

FIGURE 20 is a graph showing that VLA-dCNP and anti-PD-1 antibody
corobination therapy suppressed the growth of breast cancer and improve the survival in
nuce.

FIGURE 21 is a Kaplan—Meier curve showing that VLA-dCNP treatment improves

the survival in mice with osteosarcoma in the tibial bone.
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FIGURE 22 is a graph showing dCNP increases interferon gamma {IFNg)
production in splenocytes exposed o cultuwred LME mouse osteosarcoma cancer cell line
in a dose dependent manner.

FIGURE 23A is a bar graph showing tumor size at Day 20 after a 14-day treatment
with various test compositions starfing at day 6. Error bars are SEM and individual dots
represent individual aremals in the group.

FIGURE 23B is a table showing tumor growth over the treatment period along with
tumor eradication at Day 20,

FIGURE 24A is a bar graph showing prostate tumor eliminating action of dCNP
even when the when administration was started at much later stage {tumor size was
~70mm3; at day 19). Also shown is that dCNP is as effective as the cytoloxic
chemotherapeutic agent in eliminating tumor. Error bars are SEM and individual dots
represent individual animals in the group.

FIGURE 248 15 a table showing prostate cancer growih over the treatroent period
along with tumor eradication at Day 30.

FIGURE 25A is a bar graph showing that that even in normal healthy mice, dJCNP
can activate the immune system as seen by an increase in T-cells (C4) in blood.

FIGURE 238 15 a bar graph showing that that even in normal healthy nuce, dCNFP
can activate the immune svstem as seen by an increase in ¢ytotoxic (CD8) T-cells in blood.

FIGURE 25C is a bar graph showing that that even in votmal healthy mice, dCNP
can activate the immune system as seen by an increase in natural kiler (NKJ) cells in blood.

FIGURE 25D is a graph showing that that even in normal healthy mice, dCNP can
activate the imimune systern as seen by an increase in CDE gene expression i the spleen.

FIGURE 25E is a graph showing that that even in normal healthy mice, dCNP can
activale the tmmmume system as seen by an increase in CD4 gene expression in the spleen.

FIGURE 25F s a graph showing that that even tn normal healthy roice, JdCNF can
activate the immune system as seen by an increase in ICOS gene expression in the spleen.
ICOS s inducible T-cell co-stimulaior and is an immune checkpoint protein and is
expression indicates immune activation,

FIGURE 25G 1s a graph showing that that even in normal healthy mice, dCNP can

activate the immune system as seen by an increase in CD86 gene expression in the spleen.
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CDE6, along with CD80 provides costimulatory signals necessary for T eeli activation and
survival and s expression confirms immune activation.

FIGURE 26A shows diagram of various immmumne cells, their mechanistic interaction
for immune activation, and production of interferon gamma (IFNg} cytokine that triggers
CD8 and NK cells anti-tumor activity or attack to eliminate of cancer cells. The grey
arrows indicate increase (pointing up) or decrease (pointing down) m number of cells and
dark arrows points to cells that it develops into in the presence of IFNg. Regulatory T cells
{Tregs) are a specialized subpopulation of T cells that act to suppress T helper 1 (Thi) cells
innmume response (represented by horizontal T), thereby maintaining homeostasis and self-
tolerance. Treg inhibits T cell proliferation and cytokine production io suppress the
immune system by intubiting development of Thi into CDE+ cviotoxic T cell (CTL) and
under normal condition prevents autoimununity. Additionally, Thi cells provide helper
functions to other cells of the imumune system-—especially the antigen-presenting cells
{APCs) such as macrophages, dendntic cells, and B cells—and are important for their
activation and maturation.

FIGURE 26B is a bar graph showing suppression of Tregs cells in an EO771 mouse
breast cancer model.

FIGURE 26 15 a bar graph showing an increase of activated Thi cells where VLA-
dUNP alone is significantly more effective than Anti-PD alone.

FIGURE 26D 15 a bar graph showing the ratio of Th1/Treg cells where VLA-dCNP
alone is significantly more effective than Anti-PD1 alone in an E0771 mouse breast cancer
model. Surprisingly when both dCNP and Anti-PD1 antibody are combined a synergistic
effect was observed, where the effect s much greater than the sum of the effects of
admunistration of dCNP alone and Anti-PD1 alone.

FIGURE 27 is a bar graph showing the significant tumor suppression when dCNP
is combined with adjuvant CpG ODN-TLRS Agonists in the mice breast cancer model.

FIGURES 28A-28D are bar graphs showing that dCNP, anti-PD1 antibody, and
combination of both are effective immune activators that can decrease tumor vohune and
Treg cells and ncrease CDOY+ cells in mice breast cancer roodel.

FIGURE 28A is a bar graph showing that dCNP, anti-PD1 antibody. and

combination of both are effective immune activators that can decrease Treg,

“20-
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FIGURE 28B 15 a bar graph showing that dCNP, anti-PD¥ antibody, and
combination of both are effective immune activators that can increase CD69+ population
in B cell

FIGURE 28C is a bar graph showing that dONP, anti-PD1 aniibody, and

o]

combination of both are effective 1ownune activators that can increase CD69+ population
in total cell.

FIGURE 28D 1s a bar graph showing that dCNP, anti-PD¥ antibody, and
cornbination of both are effective inwnune activators that can decrease tumor weight
Suppression of Treg (Top Left) while increasing CD69+ (Top Right and Bottom Left) celi
10 population is consistent with immune activalion causing fumor volume suppression

{Botiom Right).
FIGURE 29A 15 a bar graph showing dCINP, but not Docetaxel (DTX) or buffer
control, inhibit alpha-smooth muscle actin gene expression within the prostate tumor of a
nice cancer model. The o-SMA 15 the marker of tissue fibrogenesis. TGFB 1s a well-
15 known mediator of fibrogenesis and upregulated and activated in fibrotic disease (see, e. g,
Growth Factors, 2011 29(5), 196-202}.

FIGURE 298 s a bar graph showing dCNP, but not Docetaxel (DTX) or buffer

control, inhibit TGFP gene expression within the prostate turmor of a nuce cancer model.

FIGURE 29C is a bar graph showing dCNP, but not Docetaxel or buffer control,

20 nbubit Ang 2 gene expression within the prostate tumor of a mice cancer model. Ang?2
inhubits the tumor vascular stabilization through antagonizing Angl/Tie2 axis. Inhibition
of Ang 2 expression stabilizes vascolature, enhances access to tumor, and improves drug
delivery (see, e.g., Cancer Cell, 2016 Vol 30, 933-967). dONP stabilizes (Bottom graph)
the tumor vasculature and creates a better anti-tumor tumor microenvironment for the

25 immune systermn.

FIGURE 30 15 a graph of plasroa CNP [mean (SEM): n= 3] in CD-1 muce afier
subcutaneous adnunistration of 2.0mg/Kg of CNP derivative sl (dCNP-sl), and CNP
derivative s2 (dCNP-s2). The inset shows the low plasma level of CNP (diamond) when
native CNP was admunistered.  Error bars represent standard error of the mean of =5

30 plasmasamples. Baseline UNP level prior to administration was 6.391 (8.02) ng/mL [mean

{SEM); n=10]. Long acting dCNP-sl and dCNP-<2 provides 10-fold higher blood level of
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NP in 3 sustain manner {(at least 8 hows) than native CNP when given at similar dose
weight/Kg dose.
DETAILED DESCRIPTION

The present disclosure relates 1o methods of using a NPRB-binding immune-
activator for treating a subject having abnormal vasculature, 1n any ussue or organ, by
administering 1o a subject in need thereof a therapeutically effective bolus dose of a
composition including a fong acting C-type natriuretic peptide (CNP}, CNP derivative, long
acting CNP derivative, long acting CNP receptor (NPRB) agounist, or anv combination
thereof. In some embodiments, the subject further has a low number of cytotoxic T cells,
a low number of activated NK cells, or both a low number of eytotoxic T cells and a low
number of activated NK cells. In some embodiments, the present disclosure relates o a
method of increasing cytotoxic T-cells and/or activated NK cells, by administering to a
sutbject in need thereof a therapeutically effective bolus dose of a composition including a
long acting C-type natriuretic peptide (CNP), CNP derivative, loug acting CNP derivative,
long acting UNP receptor (NPRB) agonist, or any combination thereof. In some
embodiments, the subject has a condition (i} to (viii): {1} a low number of cytotoxic T cells,
(11} a low number of activated NK cells, (ii1) a high number of Treg cells, (iv) a high level
of expression of TGFB, {v) a high level or expression of Foxp3, (vi} a high number of
myeloid-derived suppressor cells or MDSCs, (vii} a high [evel or expression of BvS; or
{viii} any combination thereof; or the subject is in need of (ix) to {(xvi}. (ix) an increase in
a number of cytotoxic T-cells; (x) an increase in activated NK cells; (xi) a decrease m a
number of Treg cells; {(xit) a decrease in TGF-P expression; (xiii} a decrease in Foxp3
expression; (xiv) a decrease n a nurnber of myelowd-derived suppressor cells (MDSCs);
{xv)adecrease in Bv8 expression, or {xvi} any combination thereof. In some embodiments,
the subject has cancer.  The NPRB-binding immune-activator can normalize
vascularization or provide an increase n pericyie coating index by at least 10% {e.g., by at
least 15%, or by at least 20%). In some embodiments, the NPRB-binding immune-
activator can normalize vasculasization {e.g., within cancer tissue), decrease the tumor size,
reduce hypoxia within the tumor tissue, increase the number of eytotoxic T cells withun the
cancer tissue, increase the number of activated NK cells within cancer tissue, decrease Treg

cells, decrease myeloid-derived suppressor cells, decrease expression of TGFp, decrease
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expression of Foxp3, decrease Bv8 expression, inhibit immune checkpoint activity within
cancer fissue, and/or mcrease swvival, by admimstering to a subject in need thereof a
therapeutically effective bolus dose of a composition including a long acting C-type
natriuretic peptide (CNP), CNP dertvative, long acting CNP derivative, long acting CNP
receptor (NPRB) agomst, or any combination thereof.

In some embodiments, when administered to the subject in need thereof, the
therapeutically effective bolus dose of the composition provides an increase in the number
of cytotoxic T cells and/or NK cells of at least 15% (e.g., of at least 20%, or of at least
30%;} above the level prior to admirustration of the composition or above the level in a
healthy subject. When administered to the subject, 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, where the baseline blood pressure
measurement is an average blood pressure prior to administration of the composition, and
the coroposition increases plasma cyclic-GMP level at from | hour to 12 hours afier
administration {e.g., 2 to 12 hours, 4 to 12 hows, 1 hour 10-24 hours, 2 to 24 howurs, 4 to 24
hours, 1 hour to 84 hours, 2 to 84 hours, 4 10 84 hours, 12 to 84 hours, 1 hour o 168 houss,
2 to 168 hours, 4 to 168 hours, or 12 to 168 hours) 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 cyclic-GMP level prior to admunistration of the
coroposition or the average plasma cyclic-GMP level of a healthy subject (preferably the
average plasma cychic-GMP level prior to adnunistration of the composition for the
subject). The compositions can include additional therapeutic agent{s) that also inhubit(s}
ynuoe checkpoint protewnt activity.  In some embodimernts, the compositions of the
present disclosure can be admunistered prior to, concurrently with, and/or subseguent to
radiation treaiment, chemotherapy treatment, surgical treatment, CAR-T cell treatment,
and/or antibody treatment.

In one aspect, the present disclosure features a method of freatment for cancer that
includes increasing cychic-GMP level in a plasma, and reducing or eliminating cancers.
There s nothing n the art that ndicates that bolus adwairustration of a compound can
activate natriuretic peptide receptor B (NPRB or NPRZ) in a sustained manner and can

activate the immune system to attack tumor or cancer, increase the number of cytotoxic T-
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cells and/or activated NK cells within the tumor tissue, reduce the number of immune
suppressor cells (Treg cells), decrease mmmune suppressor cytokines {Transforming
growth factor beta or TGFpR), decrease Foxp3 {(Treg marker) expression, decrease Bvl
{marker for myeloid-derived suppressor cells or MBS Cs marker) expression, and/or canses
a vasculature normalization or an increase in pericyie coating index by at least 10% {e.g..
by at least 15%, or by at least 20%) in the tumor tissue that allows access of anti-cancer
drugs in the fusmor tissue and reduces hypoxia (hy poxia facilitate tumor growth/malignancy
and immune resistance).

Additionally, there is nothing in the art that indicates that bolus administratiorn of
iong acting UNP, very long acting CNP, long acting NP derivative, very long acting CINP
derivative, long acting NPRB agomst, or very long acting NPRB agonist would not cause
a significant drop in blood pressure while providing a sustained plasma cvclic-GMP
elevation that can be used 1o treat cancer. The present disclosure discloses a treatment of
cancer inchuding admunisiering bolus dose ol fong acting CNP, very Jong acting CNP, long
acting UNP derivative, very long acting ONP denvative, long acting NPRE agonist, or very
iong acting NPRB agonist that does not cause a significant drop in blood pressure while
providing a sustained plasma cychic-GMP elevation. Furthermore, sustained activation of
WNPRB by bolus adnunistration of long acting CNP, very long acting CNP, long acting CNFP
derivative, very long acting CINP derivative, long acting NPRB agonist, or very long acting
NPRB agonist can activate the uwmune system io atfack tumor tissue and/or cause
infiltration of tumor area with cytotoxic T cells.

There is nothing 1n the art that would suggest to a person of skill in the art (o treat
cancer to use a combination of immune checkpoint intubitors or CAR T-cell therapy with
any of long acting UNP, very long acting UNP, long acting UNP derivative, very long
acting CINP denivative, long acting NPRB agonist, or very long acting NPREB agonist to
improve the efficacy of other mmune checkpoint infubitors or CAR T-cell therapy for the
treatment of cancer or malignancy. In some embodiments, the present disclosure features
the use of long acting CNP, very long acting CNP, long acting CNP derivative, very long
acting CINP derivative, long acting NPRB agonist, or very long acting NPRB agomst in
combination with other immune checkpoint inhibitor(s) in general and/or CAR T-celi

therapy in general. For example, the immune check point inhibitor can be from a blocker

24



WO 2021/252931 PCT/US2021/037061

10

15

[ae
o

o]
[

30

of CTLA-4, PD-1, or PD-LI, such as but not limited to ipilimumab, tremelimumab,
labrolizumab, nivolumab, pidilizumab, AMP-244, MEDI 4736, and/or MPDL3280A.

The present disclosure features the use of long acting derivatives of endogenous
peptide or long acting NPRB agonists. In use, the long acting dertvatives of endogencus
peptide or long acting NPRB agonists are safe and act as enhancers of the anti-tumor
function of the immune sysiem and/or vascular normalization. The methods of the present
disclosure provide a treatment of cancer by activating the immune system in general
without limmiing its use to a specific cancer.

Unlike radiation or chemotherapy treatments that have severe side effects with
iimited efficacy, the long acting NPRB activator of present disclosure has no measurable
or observable undesirable side effects that aggravate suffering of the cancer patients or
those suffering from malignancy. The present disclosure demonstrates that the bolus
administration of long acting CNP or long acting NPRB agonist is effective in the treatment
of varntous cancers or malignancies and when used combination with other immune
checkpoint inhibitors, there is an tmprovement in the overall efficacy in the treatment
without additional side effects when compared to the same treaiment without the bohus
adovinistration of long acting CNP or long acting NPRE agonist. 1t 1s believed that a
synergistic effect can be observed when inunune checkpoint inhibitors are used in
combination with bolus administration of long acting CNP or long acting NPRB agonist of
the present disclosure, such that the therapeutic effect of the combination of immune
checkpoint intubitors with the long acting CNP or long acting NPRB agonist is greater than
the camulative therapeutic effects of treatment with only an immune checkpoint inhibitors
or with only the long acting CNP or long acting NPRB agovast (see, e g, FIGURES 13, 14,
16, 17, 18, 19, 26, 26B-26D, and 28A-28D). In some embodiments, the dosage of the
immune checkpoint inhibitors can be decreased when ased in conjunction with the bolus
adrotrustration of long acting NP or long acting NPRB agomst. Furthermore, the present
disclosure demonsirates the bolus adnunistration of long acting CNP or long acting NPRB
agonist can provide improvement in the overall efficacy of CAR T-cell therapy in the
freatment various cancers or malignancies without additional side effects in the overall

ireatment, none of which has been shown by the state of the art.
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It is believed that nothing is known regarding improving efficacy of immune
checkpoint mhabitors such as drugs or antibodies that blocks CTLA-4 {cvtotoxic T
lymphocyte associated protein 43, PD-1 {(programmed cell death protein 1), or PD-L1
{programmed death ligand 1}, when administered in conjunction with a bolus dose of long
acting CNP, long acting CNP derivative, very long acting CNP, very long acting CNP
derivative, long acting NPRB agonist, or very long acting NPRB agonist. The present
disclosure presents the following swrprising discoveries: 1) CONP can be modified,
dertvatized, or formulated such that the resulting formulation, when admanistered as a bolus
dose, can increase plasma cyclic GMP n a sustained manner that does not cause a drop in
biood pressure at therapeutically effeciive doses or higher; 2) bolus admuinistration of a
NPRB agonist (7.e., long acting CNP, long acting CNP derivative, very long acting UNP,
very long acting CNP derivative, long acting NPRB agonist, or very long acting NPRB
agonist) can increase plasma cyclic-GMP in a sustained manner for at least 6 howrs; 3)
bolus adrownustration of a NPRB agonist as defined above can normalize cancer tissue
vasculature that can reduce hyvpoxic inflammation and immune resistance (hypoxia
promotes tumor malignancy and immune registance); 4} bolus adminisiration of a NPRB
agonist as defined above can increase the number of cancer-killing cvtotoxic T cells within
cancer tissue that can assist in eliminating cancer, 5} bolus administration of a NPREB
agonist as defined above can decrease the number of immune suppressor cells {Treg cell
and roveloid-derived suppressor cells) that hander cancer elimination by the iromune
system, 6} bolus adnunistration of a NPRB agonist as defined above suppresseas expression
of TGFB, Foxp3, and Bv8 (2 marker of myeloid-derived suppressor cell or MDS(C)
mdicating that iromune suppression against cancer is reduced, and 7) bolus administration
of a NPRB agonist as defined above i combination with other immune checkpoint
inhibitors can significanily improve the efficacy of immune checkpoint inhibition and
efficacy against cancer.

Definitions

As wsed herein, the term "cancer” refers to a malignant tissue mass. Malignant

fumor cells can "metastasize® {i.e., spread) to other parts of the body through the blood and

lymphatic system.
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As used herein, the term "carcinoma” refers to a cancer that begins in the skin or in
tissues that line or cover internal organs.

As used herein, the term "sarcoma” refers to a cancer that begins in bone, cartilage,
fat, muscle, blood vessels, or other connective or supportive tissue.

As used herein, the term "lyrophoma” refers to cancers that begin in the cells of the
immune systeny

5

As used herein, the term "central nervous sysiem or {TNS) cancers” refers to
malignancies that begin in the tissues of the central nervous systero.

As used herein, the term "vascular normalization” refers to a restoration to a
structurally and functionally normal vasculature with a more ordered paitern compared o
an abnormal vasculature, in any tissue or organ, which in turn is characterized by arandom
vasculature where a significant number of arterioles anastomose directly 1o the venules
bypassing the capillary bed, causing local hvpoxia. In a variety of diseases, such as cancer,
there 1s uncontrolied new blood vessel formation resuliing in a microvascular network
characterized by vessel imumaturity, with profound structural and functional abnormalities
that alier a microenvironment to {uel or disease progression, such as cancer, and thai
attenuate response to conventional therapies.  Vascular normalization {e.g., in tumor
vessels} can be detected by histological staining. For example, colocalization of staming
for a-smooth muscle actin (a-SMA) for pericyte and vaseuniar endothelium for CD31 can
be used to obiain a pericvie coating index {see, e.g., the Examples and FIGURE 9). In
some embodiments, normalization is defined as at least a 20% increase in pericyte coating
index compared fo the pericyle coating index prior to treatment; or defined as an ncrease
m tamor perfusion indirectly roeasured by at least a 209 increase in CD31-positive and
lectin-positive structure per microscope field compared to that taken or observed prior to
ireatment. In some embodiments, normalization is defined as at least a 10% {e.g., at least
a 15%, or at least a 20%) increase in pericyle coating jndex compared to the pericyte
coating index prior to treatment. Blood vessels with higher perfusion have greater CD31
and lectin co-staining. In some embodiments, normalization is defined as at least a 20%
merease jo nucrovessel density (MVYD) compared to that taken or observed prior o
ireatment. MV D can be measured by several methods, See Goddard er ¢f., Angiogenesis

2002; S(1-2): 13-20, incorporated heren by reference in its entirety. In some embodiments
2002; S(1-2). 15-20, ted by by ref ts entirety. 1 bod {s,
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normalization can be measured by vascular morphology, and permeability (by MRI
imaging using a contrast agent such as gadolimium compounds, ultrasound, PET, and CT
scanming).  See, Li er al, Cancer Management and Research 2018:10 41634172,
incorporated herein by reference in its entirety. In some embodiments, a fransient decrease
in plasma sVEGFRI1 is used as a candidate biomarker for predicting normalization of tumor
blood vessels. In certain embodiments, plasma Angiopoietin-1/Angiopoietin-1 ratio is
correlated with the degree of vascular normalization.  Apelin expression both in tumor
tissue and n plasma can be transiently decreased during the vessel normalization. Vascular
normalization can be manifested as an increase or decrease {as applicable} in one more of
the above parameters following treatment with a composition of the present disclosure.

As used herein, the term "abnormal vasculature” refers to a vasculature in any tissue
or organ characterized by a random blood vessel paitern where a number of arteriolas
anastomose directly to the venules, bypassing the capillary bed causing local hypoxia. This
15 the result of uncontrolled new vessel formation, resulting in a microvascular network
characterized by vessel immaturity, with profound structural and functional abnormalities
that alter a microenvironment (o fuel disease progression, such as cancer, and that altenuate
response to conventional therapies.

As used herein, the term "cvitotoxic T cells” refers to an T lymphocyte {a type of
white blood cell} that has direct cytotoxic effect. The cytotoxic T cells kill cancer cells,
cells that are infected {particularly with viruses), or cells that are damaged in other ways.
Cyvtotoxic T cell 1s also known as Te, cyvtotoxic T lymphocyte, CTL, T-killer cell, cytolytic
T cell, CDE+ T-cell or killer T cell. CDR{+) T-cells are adept at killing virally infected
cells and cancer cells, releasing cviokines (e.g., IFN~v} to aid this response. The terra "low
rumber of cytotoxic T cells” refers to less than 2% percent of total CDS positive cells that
are also posttive for CD3 and/or also positive for CD3 and INFg, especially in the fumor
tissue, see, e.g, FIGURES 3, 4 and 3. Simulady, the term "increase in the number of
cyiotoxic T cells" refers to least a 10% increase in the percent of CD8 positive cells that
are also posttive for CD3 and/or also positive for CD3 and INFg, compared to the number
prior to the treatroent of the same cancer pattent. See, e.g., FIGURES 3, 4 and 5.

As used herein, the term "TIM-3" refers to "glveoprotein T cell g and mwucin

domain-containing protein 3" that is upregulated in tumor and virus-infected cells thai can
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mterfere with T-cell {including CAR T-cell} response. This upregulation progressively
impairs cytotoxic T cell response against cancer and chronic viral infections, such as with
HIV, resulting in T cell exhaustion. Reducing TIM-3 aids in restoring cytotoxic function
of CD&{+) T-cells. See, e.g., JImmunol 2014 Jan 15;192(2):782-91.

As used herein, the term "natural killer cells” or "NK cells” refers to a type of
cvtotoxic lvmphocyte critical to the innate immune system similar cytotoxic T cells, but
unlike cytotoxic T cells, does not need MHC and antibodies. Thus, NK cells can respond
rapidly  {~3 days) fo stressed cells, tumor formation, and/or virus-infected cells.
Additionally, the term "low number of activated NK celis” in the context of cancer refers
to less than 1.2% percent of total NK1.1 {or CD16 or CD357 for human) being also positive
for Perforin, especially in the tumor fissue. See, e.g, FIGURES 3, 4 and 5 and their
corresponding Examples, below. The term "increase the number of activated NK cells”
refers to least a 20% increase in the percent of total NK1.1 {or CD16 or CD57 for human)
being also positive for perforin compared to the level prior to the treatment of the same
cancer patient.

As used herein, the term "Treg cells” or "Tregs” refers to regulatory T cells or
ymune suppressor T cells that maintain {olerance to selfantigens and decrease the
likelihood of autoimnmne disease. Tregs are immunosuppressive and generally suppress
or downregulate induction and proliferation of effector T cells such cytotoxic T cells. Tregs
express the biomarkers CD4, FOXP3, and CD25. Recent research has found that the
cyiokine TGFp is essential for Tregs to differeniiate from naive D4+ cells and 15
important in maintaining Treg homeostasis. The term "high number of Treg cells” refers
to greater than 2% of total CD4 positive cells berng also posutive for CD25 and Fox3,
especially in the tumor tissue. The term "reducing the number of Treg cells” refers to at
least 209 reduction in the percent of total CD4 positive cells being also positive for D25
and Fox3 compared to the level prior o the treatment of the same cancer patient.

As used herein, the term "TGFbL," "TGFR." or "Transfornung growth factor beta"
refers to a multifunctional cvtokine belonging to the transforming growth factor
superfamily that mncludes three different mammalian soforms {(TGFR 1 to 3, HGNC
symbols TGFB1, TGFB2, TGFB3) and many other signaling proteins. TGFP 15 expressed

by all white blood cell lineages. An increase in the expression of TGFp is correlated with

-26.
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malignancy in many cancers. Additionally, the term "high level of TGFB expression” refers
to at least 1.2 times the expression relative to the level observed in normal tissue. A high
level of TGFP expression idicates high lavel of Treg celis. The term "decreasing TGFS
expression” refers to decreasing expression by at least 20% relative to the expression prior
1o the treatment of the same cancer patient.

As used herein, the term "Foxp3" or "forkhead box P3" is a protein mvolved in
immune system responses and acts as a master regulator in the development and finction
of regulatory T cells that generally turn the ironne respouse down. In cancer, an excess
of regulatory T cell activity can inhibit the immune system from destroving cancer cells.
In awtormmune disease, a deficiency of regulatory T cell activity can allow other
autoimmune cells to attack the bodv's own tissues. The term "high level of Foxp3
expression” refers o at least 1.2 times the expression relative to the level observed in
normal non-cancerous tissue. A high level of Foxp3 expression indicates high fevel of Treg
cells. The term "decreasing Foxp3 expression” refers to decreasing expression by at least
20% relative to the expression prior 1o the treatment of the same cancer patient.

As used herein, the term "myeloid-denived suppressor cells” or "MDSCs" refers 1o
a heterogenous group of ironume cells from the myeloid lineage that strongly expand in
pathological situations such as chronic infections and cancer. Cancer tfissues with high
mfiltration of MDSCs are associated with poor patient prognosis and resistance to
therapies. MISCs  possess strong  Immunosuppressive  activities rather  than
mmmumostinndatory  properties and regulate functions of T cells, dendntic cells,
macrophages and natural killer cells. MDSCs can also be detected in the blood and the
level can be up to 10-fold hugher than normal in cancer.  As used herein, the term "high
number of myeloid-derived suppressor cells” or "high number of MDSCs" refers to at least
1.5 times the number of MIDSCs relative to the level observed in normal healthy tissue.
The average MDSC from 67 healthy adult blood is about 50 +/- 30 MDSC cells per
microliter of blood for ages 20-93 vears and for both sexes. See, Apodaca er ¢/, Journal
for Tmmunotherapy of Cancer (2019} 7:230. The term "decreasing number of myeloid-
derived suppressor cells” refers to at least a 20% (preferably S0%) reduction in the nurober
of myeloid-derived suppressor cells relative to the number prior to the treatment of the

same cancer patient.

=30~
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As used herein, the term "Bv8" refers to a protein also known as prokineticin that
promotes both tissue-specific angiogenesis and hematopoietic cell mobilization. Bvg
modulates mobilization of MDSCs from the bone marrow during tumor development and
promotes angiogenesis locally. Bv8 is a surrogate marker for MDSCs. The term "high
level of Bv8 expression” refers to at least 1.3 tives the level of By expression relative to
the lavel observed in normal healthy tissue refers to a higher level of Bv8 exprassion
relative to a normal mdividual without cancer. Similarly, the term "decreased level of BvE
expression” refers {0 a decrease level of Bv8 expression relative to the level observed prior
to the treatment of the same cancer patient.

As used herein, the term “cyiotoxic cell immunostimulani(s)" refers io
mmunostimulatory(s) that decreases the number of "Treg cells” and/or "MDSCs" and

'

imcreases the number of "cyiotoxic T cell” and/or the "NK celis." Examples of cytotoxic
cell immunostimulants include immune checkpoint inhibitors. Immune checkpoint
inhubitors bind directly o imnmune checkpont proteins allowing the immune system to be

apetl

activated by decreasing the number of "Treg cells" and /or "MDSCs" and increasing the
number of "cvtotoxic T eell” and/or the "NK cells” that destrov or cause damage to cancer
cells or tissuss. As used herein, the term "immunostinulanis” or "owmunostimdators”
refers to substances {drugs and nutrients) that stimwulate or facilitate activation of any
component of the immune system.

At vanous 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
include each and every individual subcombination of the members of such groups and
ranges. For example, the term "Cy g alkyl" is specifically intended to individually disclose
methyl, ethyl, C3 alkyl, Cy4 alkyl, Cx alkyl, and Cg alkyl

One letier codes for amino acids are used herein.  For example, alanine i3 A,
arginine is R, asparagine is N, aspartic acid is D, cysteine is C, glutaric acid is E, glutamine
15 3, glvcine 1s G, histidine 1s H, isoleucine 15 1, leucine is L, lysine is K, methionine is M,
phenvialanine is F, proline is P, serine is §, threonine 1 T, tryptophan is W, tyrosing s Y,
valine 1s V, and vE 18 glutamic acid where the R-group (i e., side chain) carboxyl {gamma,
v} is the moiety used to link to any of the primary anuno group of a peptide or to the N-

terminal portion of a peptide rather than the alpha-carboxyl. For the purpose of the present
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application, the one letier codes for amino acids includes L and/or D amino acid
stereoisomers. It 1s understood that when the amino acids combine to form a peptide, the
amino acids are referred to as amino acid residues where the elements of water are removed.
Furthermore, where the present disclosure refers to an amino acid in a peptide sequence, it
1s understood to be an amino acid residue.

As used herein, the term "aliphatic" refers to a compound or group containing
carbon and hydrogen joined together in straight chains, branched chains, or non-aromatic
rings. Aliphatic coropounds or groups roayv be saturated (e.g., an alkane such as hexane
and other alkanes, an alkyvl such as hexyl and other alkvls) or unsaturated {e.g . hexene and
other alkenes, as well as alkynes, hexenvl and other alkenyl, as well as alkynyly The
aliphatic compound or group {e.g., an alkyl, alkenvl, or alkyuyl) can be substituted, for
example, with 1, 2, 3, 4, 5, 6, 7, or 8 substituents such as (=0), hydroxvl, carboxvl,
carbonyl, and/or an ester group. For example, the aliphatic group can have a carboxvl
group as a substituent as a pendant group and/or at a terminus. When the aliphatic group
15 part of a compound, it is understood that the aliphatic group can be covalently bound to
the compound via a chemucal linkage, such as a carbonyl {C=0, also represented by C{(O}
or C(=0) {e.g., as part of an anude or an ester inkage), a thioether, an ether, a thioether, a
carbamate moiety, a bond, or the like. It is understood that the number of carbons in the
aliphatic chain includes the backbone carbons in the chemical linkage. For example, a
saturaied C8 aliphatic cham that includes a C(=0) linkage, when linear, can be represented
by CH5(CH, )T =013 As another example, a saturated C8 aliphatic chain that has a
carboxyi group at a {irst terminus and that includes a C{=0) hinkage at a second terminus,
when linear, can be represented by HOC(=OWCH, ) C(=0). For example, a saturated C18
aliphatic chain that includes a C(=0) linkage, when linear, can be represented by
CH5(CHy3,C(=0).  As another example, a saturated (18 aliphatic chain that has a
carboxyl group at a first terminus and that includes a C(=0) linkage at a second terminus,
when linear, can be represented by HOC(=0)}CH,)1,C(=0). The aliphatic group can be
derived from a fatty acid and/or the aliphatic group can be dertved from a diacid.

As used herein, the term "alkyl” refers to a saturated hydrocarbon group which 1s
straight-chained (e.g., linear} or branched Example alkyl groups include methyl (Me),

ethyl (Et}, propyl (e.g., n-propyl and isopropyl), butyl {e.g., n-buiyl, isobuiyvl, {-butyi),
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peniyl (e.g., n-pentyl, isopentyl, neopentyl), and the like. An alkyl group can contain
from 1 to about 30, from 1 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 to about 8, from 1 to about 6, from 1 to about 4, or
from 1 to about 3 carbon atoms.

As used herein, the term "fatty acid" refers to an aliphatic chain that i1s substituted
with a carboxyl group, which is either saturated or unsaturated. Examples of fatty acids
imcludes caprylic acid, capric acid, lauric acid, myristic acid, palmitic acid, stearic acid,
arachidic acid, behenmic acid, and/or lignoceric acid.

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

As used herein, the term "fatty acid amide" refers to along aliphatic chain (saturated
or unsaturated} having a ~C{=0)NR- motety at an end of the chain.

As nsed herein, the term "individual,” "subject,” or "patient,” used interchangeably,
refers to any ammal, mcluding manvuals, preferably roice, rats, other rodeuts, 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 a therapeutic agent (1 e., drug, or therapeutic agent composition) that elicits the biological
or medicinal response that is being sought in a tissue, system, animal, individual or human
by aresearcher, 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 1o 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 i3 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 mndividual 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.
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As used herein, a "bolus dose” is a single dose of a drug or other substance given
or administered over a short period of time, for example, less than 10 mimutes {e.g., less
than 8 minutes, less than 5 minutes, less than 3 minutes, or less than 1 manute). In some
embodiments, a bolus dose 1s administered in fess than S minuies. In some embodiments,
a bolus dose 15 adnunistered it less than 3 minutes. In some embodiments, a bolus dose is
administared in fess than | nunute. Administration includes one of' injection in anv part
of the body {including but not limited to blood vessels, subcutaneous, intrathecal, or
mntradermal), enterally (e.g., orally, as a dosage form), ivhalation {e.g., by intratracheal
inhalation adnunisiration, where a subject is exposed {0 high aerosol concentrations such
that the active pharmaceutical ingredient is deposited directly in the lower respiratory tract),
or nasally {e.g., as an aerosol, hquid, or powder).

fon

As used herein, the termos "a blood pressure drop,” "a drop in blood pressure.” or
"hvpotension” are used interchangeably, and refer to a statistically significant decrease in
blood pressure in a subject below a basehne blood pressure. The baseline blood pressure
15 the average mean blood pressure measured prior to treatment or administration 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
measwrement. For the clarity of the present specification the change in blood pressure will
be expressed as statistically significant percent increase, decrease, ot drop it blood pressure
from the mean/average baseline blood pressure prior to drug or test article administration.
Statistically significant means that P<0.035 as known to those skilled in the art of statistics.

As used herein, the term "Cotype natriuretic peptide” or "CNP" is a peptide
mcluding 22 amino acid residues, having a 17 amino acid residue ring structure formed by
a disulfide bond, and an additional 3-amino acid residue exiension at the W-termunal
{GLSKGUFGLKLDRIGSMSGLGC [SEQ ID NO. 10]; where the letiers are in accordance
with conventional amino acid nomenclature, and the amino acid residues C-6 (at position
63 and C-22 (at position 22) are hnked by a disulfide bond). See, e.g., Sudoh ef o/,
Biochem. Biophys. Res. Conwnun. 1989; 159:1427-1434.

o

As used herein, a "NPRB receptor," "natriuretic peptide receptor B (NPRB)" or

"NPR2," "guanylate cvelase B (GC-B)" or "B-type natriuretic peptide receptor 2" {(NPR2)
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are used interchangeably. In humans, a NPRB receptor is encoded by NPR2 gene, which
is located on chromosore 9 and in mouse on chromosome 4. See, e.g., Nuglozeh ef o/,
renome. 1997; 8:624-625. The expression of NPRB is reported in various organs such as
heart, brain, uterus, ovary, kidney, lungs, liver and adipocytes and in some cancers. Schulz
ef al, Cell. 1989, 58:1155— 1162; Nagase of al, J. Hypertens., 1997, 153:1235-1243;
Chrisman, ef ¢f., J. Biol. Chem. 1993; 268:3698-3703. NPRBE is selectively activated by
NP and not by ANP or BNP (the other known natrivretic peptides). The ubiquitous
expression of NPRB sigoifies us role in many physiological functions. While the other
natriuretic peplide receptor, NPRA, is activated by physiological concentrations of ANP
and BNP, NPRA is not activated by CNP.
As used herein, the term "long-acting C-type natriuretic peptide” or "long acting
{NP" refers to a CNP formulation that when administered as a single bolus dose to a
mammalian subject (human, non-human, primate, dogs, rats, mice, eic.), the resulting
elevation of CNP level 1n the plasma or elevation of plasma cyvclic-GMP level above the
baseline will be sustained for a duration of greater than 4 hours or greater than 6 hours
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 cyclic-GMP is a result of UNP structure activity itself, or from the
combination of the CNP with one or more components of a formulation containing the
CNP. The presence in the plasioa {or elevation) roeans a detectable presence over and
above the analytical baseline level, wherein the baseline level 1s the level measured in the
absence of long-acting CNP formulation administration. The length of sustained plasma
cvehie-GMP elevation is the duration of biological activity of the CNP formulation. A CNP
formulation refers to a composition containing a UNP peptide with one or more excipient
or carrier such as a polymer, protein, sugar, detergent, and/or buffer. The CNP in the CNP
formulation may or may not be covalently linked to excipient or carrier. The sustained
presence in the blood can be evaluated by pharmacckinetic/pharmacodynamic analysis
after admirustration.
As used herein, a formulation contaning a "very long-acting C-type natriuretic
peptide" or "very long acting UNP" refers to a long-acting CNP formulation containing the

22 amino acid residue CNP formulated in such a way that when administered as a single
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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 or up to
1-4 weeks) Thus, a very long-acting C-type natriuretic peptide or very long acting CINP
is a subset of a long-acting C-type natriuretic peptide or long acting UNP. The presence in
the plasma means a delectable presence over and above the endogenous native agonist that
are normally made by the subject or an analytical baseline level in the absence of
adnunistration of a therapeutic UNP formulation. The dwration (1.e., length of time) of
plasroa cyelic-GMP elevation or the presence of detectable CNP over the baseline can be
from 24 to 192 hours, or 24 1o 48 hours, or 48 to 72 hours, or 72 to 96 hours, or 96-120
hours, or 120 to 144 howrs, 144 10 168 howrs, or 168 to 192 hours. As described above, a
CNP formulation is a corposition containing CNF peptide with one or more exciptent or
carrier such as polymer, protein, sugar, detergent, and/or buffer. The NP in CNP
formuldation 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 admunistration.

As used herein, the term "long acting CNP derivative” is a CNP derivative that
when admirsstered as a single bolus dose to a manunalian subject or patient has sustained
presence i the plasma or sustained plasma cyclic-GMP elevation over the baseline of
greater than 4 howrs, or greater than 6 hours, depending on the species. A long acting CNP
dertvative encompasses a very long-acting CNP denvative. The long-acting nature can
resuli from the CNP denvative structure itself. or from the combination of the UNP
derivative with one or more components of a formulation containing the CNP derivative.
The presence iu the plasioa or blood refers to a detectable preseuce over the endogenous
native agonist that are normally made by the mammals or above an analytical baseline level
in the absence of administration of a therapeutic cornpound, peptide, protein or formulation.
The sustained presence mn the blood can be evaluated by pharmacokinetic/
pharmacodynamic analysis after adomnistration.  In some embodiments, the UNP
derivative is a modified CNP with at Jeast 72% (e.g., at least 80%, at least 85%, at least
90%, at least 95%, or at least 98%) sequence homology or identity to native CNP. In some
embodiments, the UNP 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
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and/or fatty acids and/or any chemical moiety and/or moieties at the N-termunal, {-
terminal, or in the R-group of any amino acid residue in the CNP peptide. In some
embodiments, the CNP denvative includes a substitution denvative where 1 10 6 amino
acid restdues {or 5 to 28% of the amino acid residues} in native CNP is replaced by different
or unnatural amino acid residues. In certain ernbodiments, the CNP derivative includes a
subtraction derivative where 1 to 6 amino acid residues (or 5 to 28% of the amuno acid
residues) in anative CNP are deleted. In certain embodiments, the CINP dernvative inchudes
a subtraction derivative where 1 to 6 anuno acid residues {or 5 to 28% of the amino acd
residues) in a native UNP are deleted and/or substituted. A UNP derivative formulation
refers to a composition coniaining a UNP 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
NP derivative or CNP derivative, that when administered as a single bolus dose to
mammalian subject or patient, has sustained presence iu the plasma or sustained plasma
cyelic-GMP elevation over the baseline that has a duration of 24 hours or greater. Thus, a
very long acting CNP derivative is a subsel of long acting CNP derivative. The very long
acting CNP derivative can result from the CNP denvative structure itself, or from the
combination of the CNF dernivative with one or more components of a formulation
containing the UNP derivative. The presence in the plasma refers to a detectable presence
over an analytical baseline plasma level n the absence of adnunistration of the very long
acting CNP derivative. The duration of plasma cyclic-GMP elevation or the presence of
detectable CNP derivative over the basehine can be from 24 1o 192 hours, or 24 {0 48 hours,
o1 4810 72 hours, or 72 10 96 hours, or 96-120 hours, or 120 to 144 hours, 144 to 168 hours,
or 168 to 192 hours. 'The sustained presence in the blood can be evaluated by
pharmacokinetic/pharmacodynarsic analysis after adminisiration. In some embodiments,
the CNP derivative mcludes a modified CNP with 72% (e.g., at least 80%, at least 85%, at
least 90%. at least 953%, or at least 98%) sequence identity to native CNP. In some
embodiments, the UNF derivative is an addition derivative where native UNP is modified
by covalent addition of chemical rooiety such as additional amino acids and/or fatty acid
and/or any chemical moiety and/or moieties at N-terminal, C-terminal, or in the R-group

of any amino acid residue in the CNP peptide. In some embodiments, the CNP derivative
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is a substitution derivative where 1-6 amino acid residues {or 5-28% of the aming acid
residues) in native CNP s replaced by different or unnatural amino acid residues. In certain
embodiments, the CINF derivative is a subtraction derivative where 1-6 amino acid residues
{or 5-28% of the amino acid residues) in native CINP were deleted. In certain embodiments,
the UNP derivative includes a subtraction denivative where 1 to 6 amuno acid residues {or
5 10 28%% of the anuno acid residues) in a native UNP are deleted and/or substituted. CNP
derivative formulation is a composition containing CNP derivative with one or more
excipient or carrier such as polvimer, protein, sugar, detergent, or buffer

As used herein, a "formulation of a CNP" or g "formulation of a CNP derivative”
refers t0 a composition containing CINP peptide or s derivative that may or may not be
covalently linked to an excipient or carnier such as polvmer, protein, and/or ipnd.

As used herein, the term "NPRB agonist” or "NPR2 agomst” refers to any
compound, peptide or protein that does not contain the 22 amino acid residue CNP
sequence inits structure and that can bind to NPRB, a cell catalytic receptor, and stimulate
its intracelular guanvlyl cyclase activity to increase intracellular or blood cyclic-GMP
{evel, but with limited or no capability to bind and stimulate NPRA receptor. Since not all
cells express similar levels of NPRB, the NPRB agonist is tatlored to primarily affect those
cells expressing MPRB. This selectivity can be readily measured by those skilled in the art
by measuring the activity in cells that expresses NPRB, compared to activity in cells that
expresses NPRA.

As used herein, the term "long acting NPFRB agonist” refers to an NPRB agomst
defined above, that, when administered as a single bolus dose to a mammahian subject or
patient has sustained presence n the plasma or sustained plasma cyclic-GMP elevation
over the baseline of greater than 4 hours or greater than 6 hours depending on 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 itself, or
from the combination of the NPRE agonist with one or more components of a formulation
containing the NPRB agonist. The presence in the plasma means a detectable presence
over an analviical baseline level in the absence of admimstration of a long acting NPRB
agonist. A formulation of a long acting NPRB agomist or a long acting NPRB agonist

formulation is a composition containing a long acting NPRB agonist, or a long acling
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NPRB agonist with one or more an excipient or carrier such as a polymer, protein, sugar,
lipid, or buffer. The long acting NPRB agonist may or may not be covalently linked to
excipient or carrier. The sustained presence in the blood can be evaluated by
pharmacokinstic/pharmacodynamic analysis after admunistration.  The sustained plasma
elevation of cyclic-GMP above the baseline can be evaluated by pharmacodynamuc
analysis after admunistration.

As used here, the term "very long acting NPRB agonist” refers io a long NPRB
agorust that, when admirustered as a single bolus dose to a maromalian 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 agonmist. The very long acting nature of the NPRB agonist can result from
the NPRB agonist structure itself] or from the combination of the NPRB agonist with one
or more components of a formulation containing the NPRB agonist. The presence in the
plasroa means its detectable presence over an analytical baseline level in the absence of
administration of a very long acting NPRB agonist. The duration of plasma cyelic-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 1o 72 hours, or 72 10 96 hours, or 96-120 hours, or 120 to
144 hours, 144 to 168 hours, or 168 to 192 hours. A formwlation of a verv long acting
NPRB agonist or a very long acting NPRB agonist formulation refers to a composition
contaiving a very long acting NFRB agouist, 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
iong acting NPRB agonist may or may not be covalently linked to excipient or carrier. The
sustained presence 1o the blood can be evaluated by pharmacokinetic/ pharmacodvnamic
analysis after administration. The sustained presence in the blood can be evaluated by
pharmacokinetic/pharmacodynaric analysis after administration. The sustained plasma
elevation of cyche-GMP above the baseline can be evaluated by pharmacodynamic
analysis after adminstration.

As used herein, the phrase "NPRB agonist with Himnited or no agonistic activily
against NPRA" refers to an NPRB agonist that bas greater than S-fold binding affinity {or

lower ECS50}) for NPRB than NPRA
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As used herein, the term "polymer” refers t0 2 macromolecule formed chiefly or
entirely of many similar repeating units covalently bonded together. The term polymer
include cellulose derivatives, poly{ethylene glycol) (PEG), methoxy poly(ethylene glvcol}
(MPEG), poly{lactic-co-glvecolic acid), and poly(N-vinyl pyrrolidone} and derivatives
thereof. These polymers can be branched or linear. As used heren, a polymer can be
attached to peptides, protein or a hinker group by anude, ester, ether, thioether, thioester, or
carbamate bond or by linkers containing one of those bonds. Polymer can also be grafted
with each other for make a protected graft co-polyroer excipient that, when mixed with an
active pharmaceutical ingredient, can enhance pharmacokinetic and pharmacodynanics
performance of active pharmaceutical ingredient by extending its presence in the blood or
plasma after administration in vivo,

The term "anmuno acids" as used herein are organic compounds with molecular
weight of less than 500Da that contain amino (~NHz) and carboxyi {(~COOH} functional
groups, along with a side chain (R group) specific to each anuno acid. The key elements
of an amino acid are carbon (C), hydrogen (H), oxvgen (0), and nitrogen (N}, although
other elements are found in the side chains of certain aming acids. About 500 naturally
occurring amino acids are known as of 1983 {though only 20 appear in the mammahan
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. Anuno acids can be non-~alpha anuno acid, where the primary anuno group
1s linked 1o a carbon other than the alpha position. The alpha carbon is the carbon directly
adiacent to the carboxyvl group.

The term "denivative” or "analog” as used heren ncludes compounds whose core
structures are the same as, or closely resemble that of, a parent compound, but which have
a chemical 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 2., at least 80%., at least
85%, at least 90%, at least 95%, or at least 98%:} sequence identity with the parent peptide
or protein. The term also includes a peptide with additional groups attached to i, such as

additional label or tag, compared to the parent peptide. The term also includes a polymer
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with additional group attached to it, such as alkoxy or methoxy 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, but the addition of extra functional groups and/or arino acid to the main amino acid
sequence using one or more reactive moieties in the main amino acid sequence provides
the addition derivative or the expansion derivative. The addition derivative or expansion
dertvative is different frov a truncation and/or substitution peptide dervative where oue or
more amino acid residues in the main backbone amino acid residue sequence of the peptide
have been removed and/or replaced by different functional groups and/or amino acid
restdues, respectively.

As used herein, the term "linker group” or "linking group" or "linker" refers to
atoms or chemical moieties that covalently Hink or bond two entities (e.g., portions of two
molecules) together. For example, a linker precursor such as an anino acid, a peptide, or
non-amino acid molecule derived from commercially available crosslinkers can be reacted
with two entities, Hinking the two eniities fogether via the linker group. Once the two
moieties are finked together, the linker group 1s the portion that remains from the Hinker
precursor in the final linked entities. For example, if molecule A is to be linked to molecule
B, alinker group can have two chemical functional groups where one functional 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 hinker precursor that remains after
the covalent linking of A and B.

As used herem, the term "polypeptide” refers to a polvier of amuno acids.

As used herein, the term "peptide” refers to a polypeptide with three or more amino
acids covalently inked together by amide bonds through alpha amino and alpha carboxyl.
The nurober of amino acids 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 stracture, such as a f~barrel, or an a-helix.

As used herein, the term "antibody” refers to a protein produced by the wwoune
cells that recognize a specific antigen. It is a protein produced in response fo and

counteracting a specific antigen in the blood.  Antibodies combine chemically with
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substances which the bodyv recognizes as alien, such as bacteria, viruses, and foreign
substances in the blood

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

As used herein, the term "subcutaneous admpustration,” "se¢., "sc
adnunistration,” "SC," or "SC administration” refers to a delivery of drug, usually i hquid
form, directly into the fatty tissues just beneath the skin. The delivery 1s usually carried
out by direct injection. These injections are shallower than those injected into muscle
tissugs. Providers often use subcutaneous injections for medications that are suitable for
absorption into the bloodsiream slowly and sieadily,

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

As used herein, the term “intramuscular adnunisiration,” "IM admirustration,” or
"IM injection” refers to an intramuscular delivery of drug, usually in liquid form, directly
into the muscles of an animal or human. The delivery is usually by direct injection. This
allows the medication to be absorbed mto the bloodstream quickly. In some instances, a
person may also self-administer an IM injection. In some embodiments, IM injections can
be used instead of intravenous injections, for example, when certain therapeutic agents are
irritating to veins, or when a suitable vein cannot be located.

As used herein, the term "nasal admirastration” refers to a delivery of a therapeutic
agent {e.g., in form of gel, hiquid, aerosol, gas, or powder) by topical application, dropping
as a liquid, insufflation {or blown or spraved), into the nose of an animal or a human. This
form of adnunistration can be used, depending on the formulation, for example, to deliver
a therapeutic agent 1o the nasal cavily or the tungs (depending on the device used}, and/or
may not be absorbed systemically {purely local admimstration), and/or may be totally
absorbed systemically {(purely systemic}. and/or more frequently partially absorbed (both

local and sysiemic). Nasal sprays can include locally acting drugs such as decongestants
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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
0 a route of admunistration that 1s not through enteral or gastrointestival routes. Exaroples
of parenteral adminstration include subcutaneous {under the skin), intravenous {(into a
vein}, intra-arterial (into an artery), intramuscular (into a muscle), intraperitoneal {infusion
or ijection into the peritoneum), mhalation {e.g, by intratracheal inhalation
administration, where a subject is exposed to high aercsol concentrations of the active
pharmaceutical ingredient such that the active pharmaceutical ingredient is deposited
directly in the lower respiratory tract), nasal admunisiration (through the nose), sublingual
and buccal medication, intrathecal (into the spinal canal), intracerebral (info the cerebrum),
intracerebroventricular {into the cerebral ventricles), intradermal (into the skin itself), or
any other adnunistration routes not involving the gastrointestival tract. As used herein, the
term "enteral” means admuinistration to any region of the alimentary tract and including
mouth {oral), pharynx (throat}, esophagus, stomach, small intestine, large intestine, rectum,
and anus or through an artificial opening in any of these regions.

As used herein, the termn "therapeutic agent,” "drug," or "active pharmaceutical
ingredient” refers to a substance or a molecule capable of producing a curative effectin 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 contain potent active ingredients m small
amounts (thus often referred to as "bulking agents”, "fillers”, or "diluents"}, and/or to confer
atherapeutic enhancement on the active pharmaceutical imgredient in the final dosage form,
such as to facilitate drug absorption and/or potency/dose. reduce viscosily, enhance
solubility, 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 pharroaceutical ingredient, and other factors. The excipient
can include, for example, sugar, amine acid, buffer, antioxidant, chelating agent, solvent

or vehiele, and/or a complex polymer that binds and siabilizes an active pharmaceutical
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mgredient in vitro and/or in vive. Though excipients were at one time assumed to be
"active" ingredients, it is now undersiood that they can sometimes be "a key determinant
of dosage form performance.” In other words, the effecis of an excipient on
pharmacodynamics and pharmacockinetics can be important and can require exiensive
research and studyv. How an excipient mfluences delivery of an active pharmaceutical
mgredient is often unpredictable.

As used herein, the term "healthy subject” refers to an individual (bhuman and/or
mammalian anirals) with no indications of or other known significant health problems as
evaluated by those skilled in the art (physician and/or clinician}. For the purpose of the
present disclosure these are individuals withowt tumor cancer as evaluated by those skilled
m the art (physician and/or clinician). As an example, A healthy human subject has the
following characteristic laboratory values for hematology fest results: absolite neutrophil
count {(male): 1780-5380/uk (1.78-5.38 x 10°/L), (female): 1560-6130/ul (1.56-6.13 x
10%/L): activated partial thromboplastin tire: 25-35 s; bleeding time: less than 10 ming
ervthrocyte count : 4.2-5.9 x 10%pL (4.2-5.9 x 10"/L); erythrocvie sedimentation rate
{male) 0~15 mmvh, (female): 0-20 mwh; ervthropoieting less than 30 mU/mL (30 units/L);
D-dimer: less than 0.5 pg/ml (0.5 mg/L); ferritin, serunu 15-200 ng/mL (15-200 ug/L);
haptoglobin, serum: 30-150 mg/dL (500-1500 mg/L); hematocrit {male) 41%-51%,
{female): 36%-47%; hemoglobin, blood {male); 14-17 g/dL (140-170 g/L}, {female) 12-
16 g/dl. (120-160 /1), leukocyte alkaline phosphatase: 15-40 wmg of phosphorus
iiberated/h per 10" cells, score = 13-130/100 polymorphonuclear neutrophils and band
forms; leukocyte count: 4000-10,000/uL (4.0-10 x 10°/L)Y, mean corpuscular hemoglobin:
28-32 pg; mean corpuscular hemoglobin concentration: 32-36 g/dL (320-360 g/l); mean
corpuscular volume: 80-100 fL: platelet count: 150.000-350.000/ul (150-350 x 10%L);
prothrombin time: 11-13 s; reticulocyie count: 0.5%-1.5% of erythrocytes; absohite:
23,000-90,000/uL (23-90 x 10%/L)

A healthy human subject has the following characteristic laboratory values for
blood, plasma, and serurmn chemistry resulis. albumin, serum: 3.5-5.5 g/dL (33-35 g/L);
alkaline phosphatase, serun: 36-92 unite/L; a~-fetoprotein, serunt 0-20 ng/mb (0-20 ug/L):
aminotransferase, alanine {(ALT): 0-35 wuts/L; aminotransferase, aspartate (ASTY: 0-35

unite/L; ammonia, plasma: 40-80 pg/dL (23-47 pumol/L);, amylase, serum: 0-130 umis/L
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bicarbonate, serum: 23-28 meg/L {23-28 mumol/L); bilirubin, serum total: 0.3-1.2 mg/dL
{5.1-20.5 pmol/L) divect: 0-0.3 mg/dL (0-5.1 umol/L}; blood gases, arterial (ambient air)
pH: 7.38-7.44 Pco2: 35-45 nun Hg {4.7-6.0 kPa) Po2: 80-100 mm Hg (10.6-13.3 kPa);
oxygen saturation: 95% or greater; blood urea nitrogen: 8-20 mg/dL (2.9-7.1 mmol/L}; C-
reactive protein: 0.0-0.8 mg/dL {0.0-8.0 rog/L); calcium, serum: 9-10.5 mg/dL. (2.2-2.6
mmol/L); chioride, serum: 98-106 meg/L (98-106 mmol/L}; cholesterol, plasma Total:
150-199 mp/dL (3.88-5.15 mmol/L), desirable low-density lipoprotein (LDL): less than or
equal to 130 mg/dL (3.36 mmol/L), desirable; high-densuty hipoprotein (HDL): greater thao
or equal to 40 mg/dL (1.04 mmol/L), desirable; complement, serum C3: 55-120 my/dL
(550-1200 mg/L); total (CHS0): 37-55 U/mL (37-55 kU/L); creatine kinase, serum: 30-170
untis/E; creatingne, serura: 0.7-1.3 mg/dL (61.9-115 umol/L); electrolyles, seruro sodiuwm:
136-145 meg/L (136-145 mmol/L), potassiunn 3.5-5.0 meq/L (3.5-5.0 mmol/L), chloride:

98-106 meq/L {98-106 mmol/L), bicarbonate: 23-28 meg/L (23-28 mmol/L}; fibrinogen,

folate, seruny 2.5-20 ng/mL (5.7-45.3 runol/L}; glucose, plasma: fasting, 70-100 mg/dL
(3.9-5.6 mmol/L); y-glutamyHrans{erase, seram: 0-30 units/L; homocysieine, plasma male:
0.54-2.16 mg/L (4-16 pmol/L), female: 0.41-1.89 mg/L (3-14 wmol/L); imununoglobuling
clobulins, total: 2.5-3.5 g/dL. (25-33 g/L), 1 640-1430 mg/dL (6.4-14.3 g/L), IgA: 70-
300 mg/dL (0.7-3.0 g/L}, 1gM: 20-140 mg/dL (0.2-1.4 g/L), 1gDy: less than 8 mg/dL (80
mg/L), fgh: 0.01-0.04 mg/dL (0.1-0.4 mg/L); fron Ferritin, serurn: 15-200 ng/md (15-200
wg/L), tron, seruny 60-160 pg/dL (11-29 pmol/L), iron-binding capacity, total, seruny 250-
460 pg/dl (45-82 wmol/L), transferrin saturation: 20%-50%. lactate dehvdrogenase,
serum: 60-100 units/L; lactic acid, venous blood: 6-16 mg/dL (0.67-1.8 mymol/L); lipase,
serum: less than 95 units/L; magonesium, serumn: 1.5-2.4 mg/dL (0.62-0.99 mmol/L};
methylmalonic acid, serum: 150-370 nmol/L; osmolahity, plasma: 275-295 mosmvkg H20,
phosphatase, alkaline, serumu 36-92 units/L: phosphorus, serunu 3-4.5 mg/dL (0.97-1.45
mmol/L}; potassium, serunt. 3.3-5.0 meg/L (3.5-5.0 mmol/L); prostate-specific antigen,
serum — less than 4 ng/mL (4 pg/L); protein, serum Total: 6.0-78 g/dL {60-78 g/L),
albumin: 3.5-5.5 ¢/dL (35-35 ¢/L), globuling, total: 2.5-3.5 g/db (25-35 g/L); rheumatoid
factor: less than 40 U/mL (40 kU/LY; sodium, serum: 136-145 meg/L (136-145 mmol/L};

transferrin saturation: 20%-50%: triglycerides: less than 150 mg/dl (1.69 mmol/L},

45
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desirable; troponins, serum troponin I: 0-0.5 ng/mL {0-0.5 pg/L), troponin T: 0-0.10 ng/mL
{0-0.10 pg/L); urea nitrogen, blood: 8-20 meg/dL. (2.9-7.1 mmol/L}; uric acid, seruny; 2.5-8
mg/dL (0.15-0.47 mmol/L ). vitamun B12, serumy: 200-800 pg/imb (148-590 pmol/L).

A healthv human subject has the following characteristic iaboratory values for
endocrine test panels results: adrenocorticotropic hormone {ACTH), serunt 9-32 pg/rol
{2-11 pmol/L); aldosterone, serum supine: 2-5 ng/dL (55-138 pmol/L) standing: 7-20 ng/dL
{194-554 pmol/L}; aldosterone, urine: 5-19 ug/24 h (13.9-52.6 nmol/24 h); catecholamines
epivepluine, plasma (supine): less than 75 ng/l (410 pmol/L). norepinephrine, plasma
{suping} 50-440 ng/L. (296~ 2600 pmol/L}, catecholamines, 24-hour, urine: less than 100
ug/m2 per 24 h (591 nmol/m? per 24 h); cortisol, free, urine - less than 50 pg/24 h (138
mnol/24 h); debydroepiandrosterone sulfate (DHEA), plasma male: 1.3-3.5 pg/mb (3.5-
14.9 umol/L} female: 0.6-3.3 pg/mL (1.6-8.9 umol/L}; epinephrine, plasma (supine): less
than 75 ng/L (410 pmol/L); estradiol, serum male: 10-30 pg/mb. (37-110 pmol/L), female:
day 1-10, 14-27 pg/md. {(50-100 pmol/L); day 11- 20, 14-34 pg/mb (50-200 pmol/L); day
21-30, 19-41 pg/mL (70-150 pmol/L}); Follicle-stimulating hormone, serum male (adult):
S5-158 mi/mL (5-15 wts/L), female: follicudar or luteal phase, 5-20 mU/mL (5-20 units/L);
mideyele peak, 30-50 mU/ml {30-50 umis/L); postmenopausal, greater than 35 mU/oL
{35 wuts/L); growth hormone, plasma: after oral glucose: less than 2 ng/ml (2 pg/L):
response to provocative stimull; greater than 7 ng/mL (7 ug/L); luteinizing hormone, serum
male: 3-15 mU/mbL (3-15 units/L) female: follicular or luteal phase, 3-22 m{/mL (5-22
units/L); midevcie peak, 30-250 mU/mb (30-250 units/L); posimenopausal, greater than
30 ml/mL (30 umis/L), metanephring, urine: less than 1.2 mg/24 h (6.1 mmol/ 24 h);
norepinephrine, plasma (supine}. 50-440 ng/L (296-2600 prool/L); parathyroid hormone,
serum: 10-65 pg/ml (10-65 ng/L); progesterone, blood male (adult): 0.27-0.9 ng/mk {0.9-
2.9 niuol/L) female: follicular phase, 0.33-1.20 ng/mL (1.0-3.8 nmol/L}; luleal phase, 0.72-
17.8 ng/mk (2.3-36.6 niuol/L); postmenopausal, <0.2-1 ng/ml (0.6-3.18 nunol/L); oral
contraceptives, 0.34-0.92 ng/mb (1.1-2.9 nmol/L); prolactin, serum male: less than 15
ng/mL {15 pg/L} female: less than 20 ng/mb (20 ug/L); testosterong, serum male (adult):
300-1200 ng/dL (10-42 nmol/L) female: 20-75 ng/dL {0.7-2.6 nmol/L); thyroid fimction
tests, thyroid iodine (¥*'I) uptake: 10%-30% of administered dose at 24 h, thyroid-

stimulating hormone {TSH): 0.5-5.0 pU/mL (0.5-5.0 mU/L), thyvroxine (T4), serum total:
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3-12 pg/dL {64-155 nmol/L} free: .9-2.4 ng/dL (12-31 pmol/L} free T4 index: 4-11;
tritodothyronine, free (T3): 3.6-5.6 ng/L {5.6-8.6}, triiodothyronine, resin (T3} 25%-35%,;
tritodothyronine, serum (T3} 70-195 ng/dL (1.1-3.0 nmol/L); vanullylmandelic acid, urine:
iess than 8 mg/24 h {40.4 pmol/24 hY; vitamin D 1,25-dihydroxy, serum: 25-65 pg/mL {60-
156 prmol/L) 2S-hydroxy, serunt 25-80 ng/mb (62-200 nmol/L);

A healthy human subject has the following characteristic laboratory values for
urinalysis test panels results: albumin-creatinine ratio: less than 30 mg/g; calcium: 100-300
mg/24 h (2.5-7.5 ramol/24 b) on uorestricied diet; creatinine: 15-25 mg/kg per 24 h (133-
221 mmol/kg per 24 h); glomerular filtration rate (GFR) normal male: 130 mL/nun/1.73
m? female: 120 mi/min/1.73 m?; 5-hydroxyindoleacetic acid (3-HIAAY. 2-9 mg/24 h (10 4-
46.8 pmol/24 h); protein—creatinine ratio — less than or equal 0 0.2 wg/mg: sodivm: 1006-
260 meg/24 b (100-260 mmol/24 h) (varies with intake); uric acid: 250-750 mg/24 h (1.48-
4 43 mmol/24 h) {varies with diet).

A healthy human subject has the following characteristic laboratory values for
gastrointestinal test panels results. gastrin, serum: 0-180 pg/mb (0-180 ng/L}); stool fat: less
than 5 g/d on a 100-g fat diet; siool weighi: less than 200 g/d.

A healthy human subject has the following characteristic values for pulmonary test.
Forced expiratory volume in 1 second (FEV1): greater than 80% of predicted; Forced vital
capacity (FVC): greater than 80% of predicted; FEVI/FV(, greater than 75%.

A healthy human subject has the following characteristic laboratory values for
cerebrospinal fluid test panels results: cell count: O-5/uk €0-5 x 10%L); glucose: 40-80
mg/dL (2.2-4.4 mmol/L); less than 409 of simultaneous plasma concentration is abnormal;
pressure (opening): 70-200 mm HoO; proteint 15-60 mg/dl (150-600 me/L).

A healthy human subject has the following characteristic hemodynamic test values:
cardiac index: 2.5-4.2 L/mun/m2; left ventricular ejection fraction: greater than 55%;
pressures: pulmonary artery systolic: 20-25 pun Hg, diastohic: 5-10 mum Hg Mean: 9-16
mm Hg; pulmonary capillary wedge: 6-12 mm Hg, right atrium: mean 0-5 mim Hg, right
ventricle systolic: 2025 mmn Hg, diastolic: -5 mm Hg.

In addition, a generally normal healthy human subject has a resting pulse rate in the
range of from 50 to 90 beats/mun. while wider ranges are acceptable for non-human

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

As used herein, the term "mitigation" refers a procedure that is performed to
prevent, of decrease the likelihood, of an anticipated injurv or disease.

As used herein, the term "imuoune checkpoint proteins” refers to proteins present
on the surface of normal cells that can engage with the corresponding ligand in immune
cells to stop the immune system (through apoptosis) from destroying normal cells or tissues
of the bodv and thus wnbubit or prevent autoirvmune disease.  Well-known romune
checkpoint proteins that are targeted for inhubition fo treat cancers include CTLA-4, PD1,
PD-L1, PB-L2. In addition to these, LAG-3, BTLA, B7H3, B7H4, TIM-3, MR are also
recognized in the art to constitule immune checkpoint protein similar to the CTLA-4 and
PD-1 (see, e.g., Pardoll, 2012, Nature Rev Cancer 12:252-264; Mellman er i, 2011,
Nature 480:480-489, incorporated herein by reference in its entirety). These immune
checkpoint proteins are preseot on the surface of cells that provides the imnine systero
with inhibitory signals that stop the immune system from destroving normal cells or tissues
of the body. However, cancer cell also expresses immumne checkpoint proteins to gvade the
e system and allow for undinuted tumor growth. Masking or nhibiting the mounune
checkpoint proteins using an immune checkpoint inhibitor allows activation of the tnunune
svstem to destrov cancer cells.

As used herein, the terma "inunune checkpoint mbhibitor” or "ICPI" refers any
compound that that can activate the imumune system to attack a tumor or cancer; and/or can
inhibit the overall function of an immune checkpoint protein, either directly or indirectly,
allowing cviotoxic T cells to be activated within the tissue {or turnor) and/or reducing Treg
immune cells and causing the proliferation of cyvtotoxic T cells in the tissue (or tumor) to
damage or eliminate the tissue (or tumor). Most of the ICPI developed thas far bind directly
with an jromune checkpoint protein.  There are many examples of ICPI proteins or
polypeptides that can bind directly to immune checkpoint proteins or its higands on the
surface of cells and facilitate activation of the immune system. Known tmmune checkpoint
proteins that can be inhibited by direct antibody or protein binding inchudes CTLA-4, PDI,
PD-L1, PD-L2. In addition to these, LAG-3, BTLA, B7H3, B7H4, TIM-3, MR are also

recognized in the art {o constitute immune checkpoint profein similar to the CTLA-4 and
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P31 {see, e.g., Pardoll, 2012, Nature Rev Cancer 12:252-264; Mellman et af, 2011,
Nature 480:480-489, incorporated herein in its entirety } and can potentially be inhibited 1n
a similar manner. There are also ICPI that may not bind directly to these immune
checkpoint proteins but can activate cvtoioxic T cells within the tumor tissue and/or canses
reduction of Treg immune cells and the proliferation of cytotoxic T cells in the turvor tissue
o damage or eliminate the tumor tissue. The present disclosure concerns the latter category
of ICPL

Direct blockers of immune checkpoint protein include polyvpeptides or corapounds
that specifically bind or mask the action of the immune checkpoint protein, thereby
faciltating immunity or destruction of cancer. Several antibody checkpoint inhibitors have
been approved by the Food and Drug Adnunistration for the treatment of cancer, including
pembrolizumab {against PD-1; marketed as Keytruda by Merck), Nivolumab (against FD-
1 marketed as Opdivo by Bristol-Myers Squibb (see, e.g., Topalian ef &/, 2012, N. Eng. J.
Med. 366:2443-2454, US. Pai. No. 8,008.449 B2)), Ipilimumab (against CTLA4,
marketed as Yervoy by Bristol-Myers Squib), Aterolizumab {against PD-L1, marketed as
Tecentrig by Roche & Genentech), Avelumab (against PD-L1, markeied as Bavencio by
Merck Serone & Pfizer), Duwvalumab (aganst PD-L1, marketed as Imfinzi by
AstraZeneca}), and Cemiplimab {(against PD-L1, marketed as Libtayo by Sanofi). Other
immune checkpoint inhibitors include tremelimumab (inhibits CTLA-4) (see, e. g, Ribas
efal, 2013, F Clin. Oncol. 31:616-22), lambrolizamab (nhibits PD-1} (WO2008/156712;
Hanud er ol 2013, N Engl. J. Med. 369: 134-144), pidilizumab (inhibits PD-1)} {see. e.g,
Rosenblatt ef ¢/, 2011, J Immunother; 34:409-18). Other PD-1 inhibitors may include
soluble PD-1 ligand including without imitation PD-L2 Fe fusion protein, also known as
B7-DC-Igor AMP-244 (see, e.g, Mkrtichvan M. ef @/ [ Inwnunol. 189:2338-47 2012).
Immume checkpoint inhibitors yay include without liritation humanized or fully human
antibodies blocking PD-L1 such as MEDI-4736 (see, e.g, WO201106638% Al), and
MPDL3280A (U.S. Pat. No. 8,217,149 B2). Other PD-L1 inlubitors are presently under
investigation.

As used heretn, a "hqud” is a substance which flows freely at room teroperature,

such that its shape changes but iis volume retains constand, e.g., as would water or an oil.
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As used herein, "room temperature” denotes a typical ambient indoor temperature
of about 25°C.

Unless defined otherwise, any feature within any 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 endpomts of ranges disclosed herein. For mstance, if a
given substance is disclosed as existing in a composifion in a conceniration range of X-Y%
or A-B%, the present disclosure is fo be understood as expheitly 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 in the present application using
a hyphen {("-") separating two bracketing values X and Y, or two bracketing ratios, is to be
understood as mearnung and disclosing the specified range in which both endpoint values X
and Y are included. The same applies {0 a range expressed ag "from X to Y". Accordingly,
the expressions of ranges as "X-Y", "of X 1o Y", "from X to V", "of X-Y" and "from X-Y"
are to be understood equivalently as meaning and disclosing a range encomgpassing the end
value X, all values (including decimals) between X and Y, as well as the end value Y.

As used berein the terro "about” when referring to a particular value, e.g., an
endpoint or endpoints of a range, encompasses and discloses, in addition to the specifically
recited value iself, a certain variation around that specifically recited value. Such a
variation roay for example arise from normal measurerent variability, e. g, i the weighing
or apportioning of various substances by methods known to the skilled person. The term
"about” shall be understood as encompassing and disclosing a range of vanability above
and below an indicated specific value, said percentage values being relative to the specific
recited value itself, as follows: The term "about" may encompass and disclose vanability
of + 5.0%. The term "abowt" may encompass and disclose variability of + 4.53%. The term
"about" mav encompass and disclose vanability of + 4.0%. The term "about" roay
encompass and disclose variability of + 3.5%. The term "about" may encompass and

disclose variability of £ 3.0%. The term "about” may encompass and disclose variability
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of + 2.5%. Theterm "about”" may encompass and disclose variability of = 2.0%. The term
"about” may eocompass and disclose varability of + 1.5%. The term "abouwt" may
encompass and disclose variability of + 1.0%. The term: "abouwt” may encompass and
disclose variability of + (.5%. Theterm "about", in reference to the particular reciied value,
may encorpass and disclose that exact particular value iself, irrespective of any explicit
mention that this exact particular value is included; even in the absence of an explicit
mdication that the term "about” includes the particular exact recited value, this exact
particular value 1s still included 1n the range of vanation created by the term "about”, and
1s 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 vanability it implies in scope and disclosure, refers
o both the first endpoint of the range and the second endpoint of the range. For instance,
arecited range of "about X 1o Y" should be read as "about X1io abowt Y". The same applies
{for arecited range of ratios. For instance, a recited range of weight ratios of "about X0Y -
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 understood by one of ordinary skall in the art.  Although
methods and materials similar 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 apphcations, patenis, 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
exaroples are ilustrative only and not mtended to be miting. t will be readily understood
that the aspects 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 conteroplated herein.
Furthermore, the particular arrangements shown in the FIGURES should not be
viewed as Himiting. It should be understood that other embodiments may include more or
less of each element shown o a given FIGURE. Further, some of the illustraied elersents
may be combined or omitted. Yet further, an example embodiment may include elements

that are not ilustrated in the FIGURES.
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Treatment methods

The methods of the present disclosure are made possible by the surprising discovery
that CNP can be modified, derivatized, and/or formulated n such a way that it can
induce/cause increase and/or maximized cyclic-GMP production withowt the associated
detrimental drop in blood pressure. To particular, the blood pressure effect of CNP can be
minimired or eliminated at a therapeutic bolus dose that increases plasma cyclic-GMP level
at from 1 hour to 12 hows after administration {e.g., 2 to 12 howrs, 4 to 12 howrs, 1 hour
t0-24 hours, 2 1o 24 hours, 4 to 24 hours, 1 hour to 84 hours, 2 o 84 hours, 4 1o 84 hours,
12 to 84 hours, | hour to 168 hours, 2 to 168 hours, 4 to 168 hours, or 12 to 168 hours) to
above 1.5x {e.g., above 2x, above 3x, above 4x, or above 5x) of a baseline plasma cyclic-
GMP level, depending on the peptide. In the present disclosure, the baseline plasma cyclic-
GMP level is defined as the plasma level prior to administration of the bolus dose, the
plasma level of the healthy subject which is 4 +/- 1 pmol/mi, or about 1 4 mg/md in humans
{but which can vary between species). See, e g, Shotan er al., Plasma cyvclic guanosine
monophosphate in chronic heart failure: hemodynamic and neurohormonal correlations
and response to nitrate therapy. Clin Pharmacol Ther, 1993, 54(6): p. 638-44, incorporated
herein in is entivety. In a preferred embodiment, the baseline level 1s the measured level
prior to drug adnunistration for the same subject to which treatient 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 o evaluate the effect of the treatment
is established by measurement prior to treatment. Typically, but not exclusively, the
baseline plasma cyclic-GMP level varies depending on the time of the day with lower level
during day-time wakefuluess, higher soon after bedtime, and can vary from 2-8 prool/ml
throughout the day in human. Thus, the measured baseline plasma cyclic GMP level prior
o administration of the composition and the measured plasma cyclic GMP level afier
adrotrustration of the compositions of the present disclosure can occur at the same
predetermined time every day. Where an average baseline is described, the average
baseline can be the average baseline measurement taken at least 3 times at an interval of at
ieast 4 hours for a given parameter within 24 hour period for a given subject. This coutrols
for inter-subject orinter-individual variability. In patients with congestive heart fatlure the

baseline plasma cyche-GMP Tevel may be 2 (o 3-fold higher and the baseline is established
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prior to treatment for each individual subject or group of subjects. Similarly for blood
pressure, the baseline will be measured level prior to drug admunistration 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 280 (3.7) pmol/mL [mean (SEM}; n=8}
or 7 {1.3) ng/mol. [mean (SEM); n=8]. The baseline ¢GMP level in dogs with no known
symptoms of any health condition 15 5-12 ng/ml.

As will be demonsirated in the Examples, when subjects with cancer were
adrownistered with a bolus dose of long acting ONP denvative, the growth of cancer was
stopped and/or reversed, accompanied by a swrprising vascular normalization and
activation of the immune sysiem against cancer. Furthermore, when subjects with cancer
were treated with by adowuistering a bolus dose of long acting CNP derivative, the
following were observed: a vasculature normalization or an increase in pericyte coating
index by at least 10% {e.g, by at least 15%, or bv at least 20%;) {e.g.. within the tumor
tissue), decreased tumor size, improved survival, reduced hypoxia within the tumor tissue,
increased number of cancer-killing cytotoxic T cels, increased number of activated NK
cells, decreased number of Treg cells, decreased number of myveloid-derived suppressor
cells, decreased TGFP expression, decreased Foxp3 expression, mhibition of wunune
checkpoint activity withun tumor tissue, and/or decreased Bv8 expression. When subjects
with cancer that is resistant or partially resistant to imimune checkpoint inhibitors were ¢o-
treated with a composttion including a long acting CNP derivative and an immune
checkpoint inhibitor, a significant improvement in efficacy was observed, indicating that
the long acting CNP denivative can increase the efficacy of immume checkpoint inhibitors.

The present disclosure features methods of treating a subject {e.g., a mamynalian
subject, a patient in need thereof) with abnormal vasculature, 1n any tissue or organ, by
normalizing vasculature, by administering to a subject in need thereof a therapeutically
effective bolus dose of a composition including a long acting C-type natriuretic peptide
(CNP), CNP derivative, long acting CNP denvative, long acting CNP receptor (NPRB)
agonisi, or any combination thereof. Tn some embodiments, the present disclosure relates
o a method of increasing cytotoxic T-cells and/or activated NK cells, by admanistering to
a subject in need thereof a therapeutically effective bolus dose of a composition including

a long acting C-type natniuretic peptide (CNP), CNP derivative, long acting CNP
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derivative, long acting UNP receptor (NPRB) agonist, or any combination thereof. The
subject can additionally have one or more of a low number of cviotoxic T cells, a low
number of activated NK cells, a high number of Treg cells, a high level of expression of
TGFB, a high level or expression of Foxp3, a high number of myeloid-derived suppressor
cells or MDSCs; and/or a high level or expression of Bv8. For example, the subject can
have abnormal vasculature, a low number of cyiotoxic T cells, and/or a low number of
activated NK cells. In some embodiments, the subject has a condition {1} to {viit}: (i) a low
number of cytotoxic T cells, (1) a low number of activated NK cells, {111} a high number of
Treg cells, (iv) ahigh level of expression of TGP, (v} a high level or expression of Foxp3,
{vi) a high number of myeloid-derived suppressor cells or MDSCs, {vii} a high level or
expression of BvE; or {vi} any combination thereof; or the subject is in need of (1x) to
{xvi) (ix} an increase in a number of cytotoxic T-cells; (X} an increase m activated NK
cells; {xi) a decrease in a number of Treg cels; (xii} a decrease in TGF-J expression; (xiii)
a decrease in Foxp3 expression; {(xiv) adecrease in a number of myeloid-derived suppressor
cells (MDSCs); {(xv} a decrease in Bv& expression, of {xvi} any combination thereof. The
present disclosure also features methods of treating a subject (e.g., a patient in need thereof}
with cancer by activating the subject's iwoune system to attack tumor or cancer, by
increasing the number of cviotoxic T cells and/or activated NK cells, by reducing the
npumber of immune suppressor cells (Treg cells), by decreasing imumune suppressor
cytokines {Transforming growth factor beta or TGFb or TGFP), by decreasing Foxp3 (Treg
marker) and/or Bv8 (marker for mveloid-derived suppressor celis or MDSCs marker),
and/or by normalizing vasculature in the tumor tissue that allows access to anti-cancer
drugs and reduces hypoxia (hyposia facilitate turnor growth/malignancy and wwoune
resistance}. The methods include admimistering to the subject a therapeutically effective
bolus dose of cytotoxic cell immunostimulant composition including a long acting CNP, a
very long acting CNP, a long acting CNP derivative, a very long acting CNP derivative, a
long acting NPRB agonist, and/or a very long acting NPRB agonist. In some embodiments,
when administered (o the subject in need thereof, the therapeutically effective bolus dose
of the composition provides an wncrease in the nursber of cytotoxic T cells and/or NK cells
of at least 15% (e.g, of at least 20%, or of at least 30%) above the level prior to

administration of the composition or above the level in a healthy subject.  The

-S54



WO 2021/252931 PCT/US2021/037061

o]

10

15

[ae
o

o]
[

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.g., by more than 15%, by
more than 9%, or by more than 5%j) 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 hours after adnunistration {e.g., 2 o 12 hours, 4 to 12 hours, | hour t0-24 hours, 2 to 24
hours, 4-24 hours, 1 hour to 84 hours, 2 to 84 hours, 4 to &4 hours, 12 to 84 hours, 1 howr
to 168 hours, 2 to 168 hours, 4 10 168 hours, or 1210 168 hours) 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.

In some embodiments, the present disclosure features methods of ireating a subject
{e.g.. a mammalian subject, a patient in need thereof} with abnormal vasculature, in any
tissue or organ, by norroalizing the vasculature, by admanistering to a subject in need
thereof a therapeutically effective bolus dose of a composition including a long acting C-
type natriuretic peptide (CNP), CNP denvative, long acting CNP derntvative, long acting
CNP receptor (NPRB) agonist, or any combination thereof In some embodiments, the
present disclosure relates to a method of increasing cviotoxic T-cells and/or activated NK
cells, by administering to a subject in need thereof a therapeutically effective bolus dose of
a composition including a long acting C-type natriuretic peptide (CNP), CNP derivative,
long acting CNP dernivative, long acting UNP receptor (NPRB) agonist, or any combination
thereof. The subject can additionally have one or more of a low number of cytotoxic T
cells, a low number of activated NK celis, a high nurnber of Treg cells, a high level of
expression of TGEB, ahigh level or expression of Foxp3, a high nuisber of myeloid-derived
suppressor cells or MDSCs; and/or a high level or expression of Bv8 In some
embodiments, the subject can additionally has a condition (1) to (viir): (1) a low number of
cyiotoxic T celis, (i1} a low number of activated NK cells, (ii1) a high number of Treg cells,
(iv) ahigh level of expression of TGF, {v) a high level or expression of Foxp3, (vi) a high
number of myeloid-derived suppressor cells or MIDSCs, {vi1) a high level or expression of
BvE; or (viil} any combination thereof, or the subject is in need of {ix} to (xvi} (X} an

increase in a number of cytotoxic T-cells; {x} an increase in activated NK cells; {xi} a
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decrease in a number of Treg cells; {xii) a decrease in TGF-P expression; (xiii} a decrease
in Foxp3 expression; (xiv} a decrease in a number of myeloid-derived suppressor cells
(MDSCs): (xv} a decrease i Bv# expression, or (xvi} any combination thereof. For
example, the subject can have abnormal vasculature, a low number of eytotoxic T cells,
and/or a low number of activated NK cells. In some embodiments, the present disclosure
features methods of treating a subject {e.g., a mammalian subject, a patient in need thereof)
with cancer with one or more of the following conditions: a tumor; a low number or an
absence of eyvtotoxic T cells and/or activated NK cells within the tursor tissue; a presence
or a high number of imumune suppressor cells {e.g., Treg cells), a presence or high level of
immine suppressor cviokines (e g, transforming growth factor beta or TGFR), a high level
of cells positive for Foxp3 {e.g. a Treg marker), a high level of cells positive for Bv®
{marker for mveloid-derived suppressor cells or MDSCs marker), a high number of
myeloid-derived suppressor cells or MDSCs, and/or abnormal vasculatwe in the tumor
tissue that allows access to anti-cancer drugs and reduces hvpoxia thypoxia facilitate tumor
growth/malignancy and immune resistance}. The methods include administering to the
subject a therapeutically effective bolus dose of a composition (e.g., a cytotoxic cell
immunostimulant coraposition) including a long acting CNP, a very long acting CNP, a
long acting UNP derivative, a very long acting NP derivative, a long acting NPRB
agonist, and/or a very long acting NPRB agonist. In some embodiments, when
administered 1o the subject in need thereof, the therapeutically effective bolus dose of the
composition provides an increase in the number of cytotoxic T cells and/or NK cells of at
ieast 15% {e.g., of at least 20%, or of at least 30%;) above the level prior to administration
of the composition or above the level in a healthy 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 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 hours
atter admirustration {e.g., 2 10 12 hours, 4 to 12 hours, 1 hour t0-24 hours, 2 to 24 hours, 4
10 24 hours, 1 hour to 84 hours, 2 to 84 hours, 4 10 &4 hours, 12 to 84 hours, 1 hourio 168

hours, 2 to 168 hours, 4 o 168 howrs, or 12 10 168 hours) to above 1.5x {e.g., above 2x,
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above 3x, above 4x, or above 5x) of a baseline plasma cyclic-GMP level, where the baseline
plasma eyclic-GMP level is defined as the plasma level prior to admunisiration of the bolus
dose or the plasma level of the healthy subject which i1s 4 +/- | pmol/mi or about 1.4 mg/ml
in humans but can vary between species and the assay used. See, e.g., Shotan, ef /., Plasma
cvehie guanosing monophosphate n chronic heart  failure:  hemodynamac  and
neurchormonal correlations and response to nitrate therapy. Clin Pharmacol Ther, 1993,
34{6). p. 638-44, incorporated herein in its entirety. The subject treated with the
coraposition can have a lifespan or survival that is increased compared to a subject that has
not been treated with the therapeutically effective bolus dose of the composition (see, e.g.,
FIGURE 20).

In a preferred embodiment, the baseline level for a given marker or pararoeter is the
measured level prior to drug adnunistration and that level can vary from one subject to the
next. In practicing the present discloswre, any baseline parameter that used as a reference
parameter o evaluate the effect of the treatment is established by rueasurement prior to
treatment.  Typically, but not exclusively, the baseline plasma cyclic-GMP level varies
depending on the time of the day with lower level during dav-time wakefilness, higher
soon after bedtime, and can vary from 2-8 pmol/ml throughout the day in human. Thus,
the measured baseline plasma cyclic GMP level prior to admunistration of the composition
and the measured plasma cyclic GMP level after administration of the compositions of the
present disclosure can occur at the same predetermined time every day. Where an average
baseline is described, the average baseline can be the average baseline measurement taken
atleast 3 times at least 4 hours apart for a given parameter within 24 hour period for a given
subject. This controls for inter-subject or mer-individual varability, In patients with
congestive heart failure the baseline plasma cyelic-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 measured level prior to drug
administration and s used as reference to evaluate the effect of the treatment. The basaline
cGMP level in healthy mouse with no known symptoms of any health condition is 20 (3.7}
prool/mb fmean (SEM); n=8] or 7 (1.3) ng/mbL [mean (SEM), n=8]. The basehne ¢cGMP

level in dogs with no known symptoms of any health condition is 5-12 ng/ml.
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In some embodiments, the present disclosure features methods of treating a subject
{e.g., a maromalian subject, a patient in need thereof} with abnormal vasculature, in any
tissue or organ, by normalizing the vasculature, by admunistering to a subject in need
thereof a therapeutically effective bolus dose of a composition including a ong acting C-
fype natriuretic peptide {CNP), UNP denvative, long acting CNP denvative, long acting
NP receptor (NPRB) agonist, or any combination thereof In some embodiments, the
present disclosure relates to a method of increasing cvtotoxic T-cells and/or activated NK
cells, by administering to a subject in need thereof a therapeutically effective bolus dose of
a composition including a long acting C-type natriuretic peptide (CNP), CNP denivative,
iong acting CNP dernivative, long acting UNP receptor (NPRB} agonist, or any combination
thereof The subject can additionally bave one or more of a low number of eytotoxic T
cells, a tow number of activated NK cells, a high number of Treg cells, a high level of
expression TGFR, a high level or expression of Foxp3, a high number of myelotd-derived
suppressor cells or MDSCs; and/or a high level or expression of Bv8., For example, the
subject can have abnormal vasculature, a low number of cviotoxic T cells, and/or a low
number of activated NK celle. In some embodiments, the subject can additionally have a
condition (1) to (viii}: (1) a low number of cytotoxic T cells, (1) a low number of activated
NK cells, (i) a high number of Treg cells, (iv} a high level of expression of TGFJ, (v) a
high level or expression of Foxp3, (vi) a high number of myeloid-derived suppressor cells
or MDSCs, {vii) ahigh level or expression of Bv8; or (viii} any combination thereof; or the
subject s in need of (ix} to {xvi}: (ix} an increase in a number of cytotoxic T-cells: (x) an
increase in activated WK cells; (x1) a decrease in a number of Treg cells; {(xi1) a decrease in
myeloid-derived suppressor cells (MDSCs); (xv) a decrease in Bv8 expression, or {xvi} any
combination thereof. In some embodiments, the present disclosure features methods of
treating a subject (e.g., a patient in need thereof) with cancer by activating the subject’s
immune system to attack fumor or cancer, increase the number of cviotoxic T cells and/or
activated NK cells, reduce the number of imomune suppressor cells {e.g, Treg cells),
decrease irnmune suppressor cytokines {e.g., transfornmuing growth factor beta or TGFB),
decrease Foxp3 (eg., a Treg marker), decrease Bv8 {a marker for myeloid-derived

suppressor cells or MDSCs marker), decrease the number of myeloid-derived suppressor
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cells (MDSCs), normalize vasculature in the fumor tissue that allows access to anti-cancer
drugs and reduces hypoxia (hypoxia facilitate tumor growth/roalignancy asd fromune
resistance}. The treatment can increase a subject's lifespan or survival compared to a
subject that has not been ireated with the therapeutically effective bolus dose of the
composition. The methods include administering to the subject a therapeutically effective
bolus dose of a composttion {e.g., a cytotoxic cell immunostimulant composition) including
avery fong acting CNP derivative. In some embodiments, when administered to the subject
i need thereof, the therapeutically effective bolus dose of the coroposition provides an
increase in the number of cytotoxic T cells and/or NK cells of at least 15% (e.g., of at least
20%, or of at least 30% above the level prior to administration of the composition or above
the level in a healthy 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 more than 15%, by more than 10%, or by more than 5%} of a baseline blood
pressure measurerent, where the baseline blood pressure measurement is an average blood
pressure prior to admunistration of the composition, but the dose can increase plasma
cyelic-GMP level at from 1 hour to 12 hours after admunistration {e.g., 2 (o 12 hours, 4 {0
12 hours, 1 howur to-24 hours, 2 to 24 hours, 4 1o 24 hours, 1 hour to 84 hours, 2 10 84 hours,
4 10 84 hours, 12 to 84 hours, | hour to 168 hours, 2 to 168 hours, 4 1o 168 hours, or 12 to
168 hours} to above 1.5x {e.g., above 2x, above 3x, above 4x, or above 5x) of a baseling
plasroa cychc-GMP level, where the baseline plasma cvclic-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 coraposttion for the subject).

In some embodiments, the present disclosure features methods of treating a subject
{e.g., a patient in need thereof) with abnormal vasculature, in any fissue or organ, by
normalizing the vasculature, by admunistering to a subject in need thereof a therapeutically
effective bolus dose of a composition including a long acting C-iype natriuretic peptide
{CNP), CNP derivative, long acting NP derivative, long acting CNP receptor (NPRB}
agonist, or any comubination thereof. Yo some erbodiments, the present disclosure relates
1o a method of increasing cytotoxic T-celis and/or activated NK cells, by administering to

a subject in need thereof a therapeutically effective bolus dose of a composition including
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a long acting C-type natriuretic peptide (CNP), CNP derivative, long acting CNP
derivative, long acting CNP receptor (NPRB} agonist, or any combination thereof. The
subject can additionally have one or more of a low number of cytotoxic T cells, a low
number of activated NK cells, a high number of Treg cells, a high leve] of expression TGFS,
a high level or expression of Foxp3, a high nurnber of royelowd-derived suppressor cells or
MIDSCs; and/or a high level or expression of Bv8. In some embodiments, the subject can
additionally have a condition (i) to (viit): (i) a low number of cvtotoxic T cells, (i) a fow
number of activated NK cells, (it} a high oumber of Treg cells, (iv) a bigh level of
expression of TGFB, (v) a high level or expression of Foxp3, (vi) a high number of nmiveloid-
derived suppressor cells or MDSCs, (vii} a high level or expression of By8; or {(viit} any
combination thereof, or the subject is in need of (ix) to (xvi} (ix} an mcrease n a number
of cytotoxic T-cells; (x) an increase in activated NK cells; (xi) a decrease in a number of
Treg cells; (xii) a decrease in TGF-f expression; (xiii} a decrease in Foxp3 expression;
{xiv} a decrease in a number of myeloid-derived suppressor cells (MDSCs): (xv) a decrease
in Bv8 expression, or {xvi} any combination thereof. For example, the subject can have
abnormal vasculature, a low number of cyiotoxic T cells, and/or a low number of activated
NK cells. In some embodiments, the present disclosure features roethods of treating a
subject {e.g., a patient in need thereof) with cancer with one or more of the following
conditions: a tumor; a low number or an absence of cytotoxic T cells and/or activated NK
cells within the turor tissue; a presence or a high number of tnwoune suppressor cells (e.g.,
Treg cells), a presence or high level of immune suppressor cytokines {¢.g., transforming
growth factor beta or TGFB), a lugh fevel of cells positive for Foxp3 (e.g., a Treg marker),
a high level of cells positive for Bv8 (marker for myelowd-derived suppressor cells or
MDSCs marker). a high number of myeloid-derived suppressor cells or MDSCs, and/or
abnormal vaseolature in the tumor tissue that allows access to anti~cancer drugs and reduces
hypoxia (hypoxia facilitate turnor growth/malignancy and immume resistance).  The
methods include adnunistering to the subject a therapeutically effective bolus dose of
cytotoxic cell immunostimulant composition including a long acting CNP derivative,
and/or a very long acting CNP denvative. In some embodunenis, when admirustered o
the subject in need thereof, the therapeutically effective bolus dose of the compaosition

provides an increase in the mumber of cytotoxic T cells and/or NK cells of at least 15%
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{e.g., of at least 20%, or of at least 30%} above the level prior to adnunistration of the
composition or above the level in a healthy 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 roeasurement, where the baseline blood pressure
measurement is an average blood pressure prior to admirnustration of the composition, but
the dose can increase plasma cyclic-GMP level at from 1 hour to 12 hours after
adronistration {e.g., 2 to 12 hours, 4 1o 12 hours, 1 hour 10 24 hours, 2 to 24 hours, 4 to 24
hours. 1 hour to 84 hours, 2 to 84 howrs. 4 to 84 hours, 12 to 84 hours, 1 hour to 168 hours,
2 to 168 hours, 4 to 168 howrs, or 12 to 168 hours) 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 15 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
cyelic-GMP level prior {o administration of the composition for the subject}.

In some embodiments, the present disclosure features methods of treating a subject
{e.g., a patient in need thereof) with fibrosis associated with tumors, by administering (o a
subject in need thereof a therapeutically effective bolus dose of a composition including a
long acting C~type natriuretic peptide (CINP), CNF derivative, long acting CNP derivative,
long acting CNP receptor (NPRB) agonist, or any combination thereof. Expression of
markers associated with fibrosis (e.g., 0-SMA, TGFB. and/or Ang 2) can be decreased afier
administration.

In some embodiments, the subject {e.g., a3 mammalian subject, a patient in need
thereof) having abnorroal vasculature can have cancer. In some embodiments, the subject
with cancer has one or more of the following cancers: mantle cell lymphoma, primary CNS
lymphoma, Burkitt's lymphoma, marginal Zone B cell lvmphoma, polycythemia vera
lymphoma, Hodgkin's disease, non-Hodgkin's disease. solid tumors, sarcomas, carcinomas,
fibrosarcoma, myxosarcoma, liposarcoma, chrondrosarcoma, ©Steogemic  sarcoma,
osteosarcoma, chordoma, angiosarcoma, endotheliosarcoma, lvmphangiosarcoma,
ivmphangioendotheliosarcoma,  synoviorma,  mesotheliorna,  Ewiog's turoor,
leiomvosarcoma, rhabdomyosarcoma, colon sarcoma, colorectal carcinoma, pancreatic

cancer, breast cancer, ovarian cancer, prostate cancer, squamous cell carcinoma, basal cell
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carcinoma, adenocarcinoma, Sweat gland carcinoma, Sebaceous gland carcinoma,
papillary  carcinoma, papillary  adenocarcinoras, oysiadenocarcinoma, medullary
carcinoma, bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilm's tumor, cervical cancer, uterine
cancer, testicular tumor, lung carcinoma, Small cell lung carcinoma, non-small cell lung
carcinoma, bladder carcinoma, epithelial carcinoma, ghioma,  astrocvioma,
medulloblastoma, craniopharyngioma, ependymoma, pinealoma, hemangioblastoma,
acoustic neuroma, oligodendroglioma, menangioma, melanoma, neuroblastoma,
retinoblastoma, nasopharyngeal carcinoma, esophageal carcinoma, basal cell carcinoma,
biliary tract cancer, bladder cancer, bone cancer, brain and central nervous system (UNS}
cancer, cervical cancer, choriocarcinoma, colorectal cancers, connective fissue cancer,
cancer of the digestive system, endometrial cancer, esophageal cancer, eye cancer, head
and neck cancer, gastric cancer, intraepithelial neoplasm, kidney cancer, larynx cancer,
fiver cancer, lung cancer (small cell and/or large cell), melanoma, neuroblastoma; oral
cavity cancer (for example lip, tongue, mouth and pharynx), ovarian cancer, pancreatic
cancer, refinoblastoma, thabdomyosarcoma, rectal cancer, cancer of the respiratory system,
sarcoma, skin cancer, stomach cancer, testicular cancer, thyroid cancer, uterine cancer, and
cancer of the urinary system.

In some embodiments, the subject {e.g, a mammalian subject, a patient in need
thereof} with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, colon, head, neck, liver, kidney, cervix, lung. stomach, urethra, bladder, ureters,
renal pelvis, rectum, esophagus, lvmph node, pancreas, stomach, ovary, ceniral nervous
system, soft tissue, and/or endocrine glands.  The subject is administered with a
therapeutically effective bolus dose of a composition {eg, a cyiotoxic cell
muonostimulant composition) inchuding a long acting CNP, a very long acting CNP, a
long acting CNP denvative, a verv long acting CNP denvative, a long acting NPRB
agorust, and/or a very long acting NPRB agonist. The therapeutically effective bolus dose
is a dose as described above.

In some embodiments, the subject (e.g., a mammahan subject, a patient in need
thereof} with cancer has one or more of cancers in the following organs: skin, breast, bone,

prosiate, colon, head, neck, liver, kidney, cervix, hung, stomach, urethra, bladder, ureters,

.
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renal pelvis, rectum, esophagus, lymph node, pancreas, stomach, ovary, central nervous
systemy, soft tissue, and/or endocrine glands.  The subject is admimstered with a
therapeutically effective bolus dose of a composition {eg. & cyvtotoxic cell
mmunostinnidant  composition) including a long acting CNP derivative.  The
therapeutically effective bolus dose 1s a dose as described above.

In some embodiments, the subject {e.g, a mammalian subject, a patient in need
thereof} with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, and/or colon. The subject is aduimstered with a therapeutically effective bolus
dose of a composition {e.g., a cviotoxic cell immunostimulant composition) including a
iong acting UNP, a very long acting CNP, along acting CNP derivative, a very long acting
CNP derivative, along acting NPRB agowist, and/or a very long acting NPRB agonist. The
therapeutically effective bolus dose is a dose as described above.

In some embodiments, the subject (e.g., 2 mammalian subject, a patient in need
thereof) with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, and/or colon. The subject is administered with a therapeutically effective bolus
dose of a composiiion {e.g, 8 cytotoxic cell immunostimulant composition) including a
long acting CNP derivative. The therapeutically effective bolus dose is a dose as described
above.

In some embodiments, the cancer in any one of the above methods includes a solid
turmnor i one ot more of the following organs: pancreas, bladder, colon recturn, breast,
prostate, kidney, liver, lung, ovary, cervix, stomach, esophagus, head, neck, skin, endocrine
glands, central nervous sysiem, bone, and/or soft tissue.

The long acting NPRB agonist or the very long acting NPRB agonist can include a
polypepiide, such as an antibody. In some embodiments, the long acting NPREB agonist or
the very long acting NPRB agonist includes a molecuale having a molecular weight of less
than 2kDa,

In some embodiments, in any one of the above methods, the composition has
Himited or no agonistic activity against NPRA and/or has greater than S-fold greater binding
atfinuty {or S-fold lower EC50) for NPRB receptor than NPRA receptor.

In some embodiments, the therapeutically effective bolus dose of a composition of

the present disclosure is a dose that does not decrease or cause a decrease in blood pressure
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{or mean asterial 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 measorement, where the baseline blood
pressure measurement is an average blood pressure prior to administration of the
composition, but the dose increases plasma cyclic-GMP level at from 1 hour to 12 howrs
after admirnustration {e.g., 2 {0 12 hours, 4 to 12 howrs, 1 hour t0-24 hours, 2 to 24 hours, 4
10 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 howrs, or 12 to 168 hours) 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 cvelic-GMP level is defined as the average plasma level prior o administration of
the bolus dose or the average plasma level of the healthy subject (preferably the average
plasma cyclic-GMP level prior to admimstration of the composition for the subject).

In some embodiments, the therapeutically effective bolus dose of a composition of
the present disclosure 13 a dose that 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 is an average blood pressure prior o
administration of the composition, but the dose increases plasma cvclic-GMP level at from
t hour to 12 hours after adovmstration {e.g., 2 to 12 howrs, 4 to 12 hows, 1 hour to 24
hours, 2 to 24 hours, 4 to 24 hours, | hour to 84 hours, 2 to 84 hours, 4 10 84 hours, 12 10
&4 howurs, 1 hour to 168 howrs, 2 10 168 hours, 4 to 168 hours, or 12 to 168 hours) io 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 is defined as the average plasma level
prior to adnunisiration 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}.

In some embodiments, the therapeutically effective bolus dose of a composition of
the present disclosure does not decrease blood pressure by more than 10% but the dose
increases plasma cyclic-GMP level at from 1 hour to 12 hours after adnunistration {e.g., 2
10 12 hours, 4 to 12 hours, | hour (o 24 hours, 2 10 24 hours, 4 10 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
1o 168 hours, or 12 to 168 hours) to above 1.5x {e.g., above 2x, above 3x, above 4x, or

above 5k} of a baseline plasma cvclic-GMP level, where the baseline plasma cyclic-GMP
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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 admirustration of the composition for the subject).

In some embodiments, the therapeutically effective bolus dose of a composition of
the present disclosure does not decrease blood pressure by more than 5% but the dose
mcreases plasma cyclic-GMP level at from 1 hour to 12 howrs after administration {e.g., 2
to 12 hours, 4 1o 12 hours, 1 hour t0-24 hours, 2 1o 24 hours, 4 to 24 howrs, 1 hour to 84
hours, 2 {o 84 hours, 4 {0 84 hours, 12 to 84 hours, | hour to 168 hours, 2 to 168 hours, 4
1o 168 hours, or 12 to 168 howrs) 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 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, for any one of the above roethods, administering to a subject
mcludes an administration method such as enteral {e. g, oral) adnunistration or parenteral
administration.  Examples of parenteral admunistration are subcutaneous, intravenous,
mtramuscular, by inhalation, nasal, or any combination thereof. In some embodiments, the
methods above can include enteral (e.g, oral} administration and/or subcutansous
administration.  In certain embodiments, the methods above include intravenous
administration.  In some embodiments, the methods above mclude intramuscular
administration.  In some embodiments, the methods above include adnunistration by
inhalation {e.g , by intratracheal inhalation admunistration, where a subject is exposed o
high aerosol concentrations so that the active pharmaceutical ingredient 15 deposited
directly in the lower respiratory tract). In certain embodiments, the methods above include
nasal administration. In some embodiments, the methods above include enteral {e.g., oral)
adminisiration.

In some embodiments, for any one of the above methods, adnunistering to a subject
consists essentially of, or consists of, adminstering the compositions of the present
disclosure as a bolus dose. o some embodiuments, for any one of the above methods,
adnunistering o a subject does not include admunistration of the compositions of the

present disclosure by infusion over a sustained period of time {e. 2., by confinuous infusion).
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In some embodiments, for any of the above methods, administering to a subject does not
include administering the compositions of the present disclosure as a bolus dose followed
by an infusion over a sustained period of fime. In some embodiments, for any one of the
above methods, administering to a subject does not include enteral or oral administration
of the compositions of the present disclosure. o some emboduments, for any one of the
above methods, admimsstering to a subject does not include oral administration of the
compositions of the present disclosure.

Agctive pharmaceuiical ingredisnts

For any of the above methods described above, the long acting CINP derivative or
very fong acting NP derivative, can include U-GLSKGUFGLKLDRIGSMSGLGC [SEQ
D NO 2] U-GLSKGCFGLK(ULDRIGSMSGLGC [SEQ ID NO. 3]
GLSKGCPFGLRK(ULDRIGSMSGLGC  [SEG  ID NO 4} andlor  U-
CFGLKLDRIGSxSGLGC, where x is a natural or unnatural amino acid residue {SEQ ID
NG, 121, where U is atfached to the N-terminal G, C and/or 1o the epsifon amine of K
residue.

In some embodiments, U in the sequences above s a motety of Formula (I3 or (I1),
where Formuda () 18

{aliphatic),~(0-;
H

wherein:

ais O or 1 {preferably ais 1);

aliphatic is an optionally substituied C4.74 chain {e.g., an optionally substituted
Cio-24 chain, an optionally substituied Cyo.yg chan). 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 thicether, a carbamate moiely, 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 carbouoyl as
part of an amide hinkage with X

X is a I-10 amino acid residue or peptide sequence, wherein each amino acid
residue 1§ independently selected from lysine (K}, arginune (R), glvcine (G), alanine (A),
elutamic acid (E), and aspartic acid (D); or

¥ is a linker (YE (B,
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wherein B 15 a 1-8 amino acid residue or peptide sequence wherein
each amino acid residue is independently selected from 2-[2-(2-aminoethoxy jethoxy jacetic
acid residue, Gly, Ala, Leu, Ser, Arg, and Lys
mis0, 1,2 or3;
nis ¢, 1, 2, or 3; and
the sum of mand n s at least 1,
and Formula (31} is
{polymen), (Y )
1y

wherein a is 0 or 1 (preferably ais 1)

polymer 1s cellulose, poly{ethylene glycoly (PEG), methoxy polv(ethylene glyvcol)
{MPEG), poly(lactic-co-glveolic acid), poly(N-vinyi pyrrolidone), or a derivative thereof:

Y is:

a 1-10 arono acid residue or peptide sequence, wherein each anmuno acid residue 1§
independently selected from lysine (K}, arginine (R), glycine (), alanine (A}, glutamic
acid {E), and aspartic acid (D),

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

an amino acid residue-containing linker, wherein the amino acid residue i
covalently attached to (polvmer),; or

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

in some embodiments, in the above Formula (11}, Y is a linker (yE),~(B},,, wherem
Bisa 1-8 anuno acid residue or peptide sequence wherein each amino acid is independently
selected from 2-{2-(2-aminoethoxy jethoxvlacetic acid, Gly, Ala, Leu. Ser, Arg, and Lys;
mis0, 1,2 or3;nis 0, 1, 2, or 3; and the sum of m and n i1s at least 1.

In the present disclosure, lower case "x" refers to a natural ot urmatural amano acid
residue in the peptide sequence where it appears. Upper case X refers to alinker in Formula
(1) and (II}. In some embodiments, x 1 not a methionine residue (M), is not an asparagine
residue (N), or 13 netther 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 genetic code, suchas amino acids A C DL EF, G H LK, LM, N, P, Q, R,
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S.T,V, W, and Y. In some embodiments, X is an wnnatural amino acid residue (7e., an
amino acid residue not encoded by the mammalian genetic code). In some embodiments,
x 1§ homoglutamine {also referred to herein as homoQQ).

In some embodiments, the long acting CINP derivative or very long acting UNP
derivative mncludes U-GLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO. 2] where U s
attached to the N-termunal G of GLSKGCFGLELDRIGSMSGLGC, and U is (aliphatic) -
{X)~; wherein ais 1; aliphatic 15 an optionally substituted C,.o4 chain {e.g., an optionally
substituted Cyg_p¢ chain, an optionally substituted Cyg.; 5 chain, or an optionally substituted
Cy5.15 chain), covalently bound to X via a chemical hnkage, 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 hike 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 amino acid residue is independently
selected from lvsine (K), arginine (R}, glveine (G), alanine (A), ghutarnic acid (E), and
aspartic acid (D).

In some embodiments, the long acting CNP denvative or very long acting CNP
derivative mmcludes U-CFGLKLDRIGSxSGLGC [SEQ D NO. 12] where x 15 a natural or
unnatural amivne acid residue and U has formula (aliphatic)-(X)- (Formula I}, wherein O
or | (preferably ais 1}; alipbatic is an optionally substituted Cy., chan (e g, an optionally
substituted Cg.o4 chain, an optionally substituted C . ¢ chain, or an optionally substituted
Cyy.ig chain) covalently bound to X via a chemical linkage, such as a catbonyl (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 anmide or an ester linkage;
or more preferably via a carbonyl as part of an amide linkage with X and X is a hinker
{(yE}u~(B)a, wherein B is a 1-8 amino acid residue or peptide sequence wherein gach amino
actd residue s independently selected from 2-[2-(Z-anunoethoxy)ethoxylacetic acid
residue, Gly, Ala, Leu, Ser, Arg,and Lys;mis G, 1, 2, or3:nis 0, 1, 2, or 3; and the sum
of mand nt is at least 1.

In some embodimsents, the long acting CNP denvative or very long acting CNP
derivative includes U-CFGLKLUDRIGSxSGLGC [SEQ 1D NO. 30} where x is a natural or

unnatural amino acid residue, and provided that < is not M {methionine}; U has formula
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{aliphatic),~(X}- (Formula 1) wherein 0 or | (preferably ais 1); aliphatic is an optionally
substituted €454 chain {e.g, an optionally substitited Cyy,4 chain, an opionally
substituted Cyg.1g chain, or an optionally substituted Cyy_1g chain) 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 thicether, a carbamate moiety, a bond, or the like with X preferably
via a carbonyl as part of an anmide or an ester linkage; or more preferably via a carbonyl as
part of an amide hinkage with X; and X 15 a linker (yE)m-{B}s, wherein B is a 1-8 amino
acid residue or pepiide sequence wherein each amino acid residue 1s independently selected
from 2-{2-{Z-aminoethoxy Jethoxyacetic acid residue, Gly, Ala, Ley, Ser, Arg, and Lys; m
180,1,2,0r3;nis 0, 1, 2, or 3; and the sum of m and n is at least 1.

In some embodiments, x 1s not a methionine residue, 1s not an asparagine residue,
or is natther a methionine nor an asparagine residue. In some embodimenis, X is not any
one of the 20 natural amino acid residues encoded by the mammalian genetic code, such as
amnoacids AL C D EFGHLE L MNP QRS TV, W and¥Y. Insome
embodiments, x is an unnatural amino acid residue {7 ¢, an amino acid residue not encoded
by the mammalian genetic code). In some embodiments, x i1s homoglutamine (also referred
1o herein as homoQ).

In some embodiments, the long acting CNP dertvative or very long acting CNFP
derivative ¢an include U-GLSKGUFGLKLDRIGSMSGLGC [SEQ ID NO. 2} U-
GLSKGCFGLK(UILDRIGSMSGLGC [SEQ 0D NO. 3%
GLSKGUFGLK(ULDRIGSMSGLGC  [SEQ 1> NGO, 4]

CFGLKLDRIGSxSGLGC, where x is a natural or unnatural amino acid residue [SEQ 1D

and/or U-

NO. 12}, or any combination thereof]
wherein:
U 15 a moiety of Formula (1), where Formula (8} is
{aliphatic), (X}
)
wherein
ais 0 or 1 {preferably ais I}
alipbatic is an optionally substituted C .54 chain {e.g . an optionally

substituted C,.14 chain}, covalently bound to X via a chemical linkage, such as a carbonyl
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{e.g.. as part of an amide or an ester hinkage), 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 esier
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 actd residue is independently selected from lysine (K}, arginine (R), glvcine (G),
alanine (A). glutanuc acid (E), and aspartic acid (ID}; or

X 15 a linker (YE (B h,

wheren B 15 a 1-8 anuno acid residue or peptide sequence wherein
each amino acid residue 1s independently selected from 2-{2-(Z2-aminoethoxyyethoxy jacetic
acid residue, Gly, Ala, Leu, Ser, Arg, and Lvs;

mis0, 1,2, 0r3;

nis 0, 1,2, 0r 3; and

the sum of m and n is at least 1.

In some embodiments, x m U-CFGLKLDRIGSxSGLGC [SEQ ID NO. 12fsnota
methionine residue, 15 not an asparagine residue, or is neither a methionine nor an
asparagine residue. Tn some embodiments, x is not any one of the 20 natural amino acid
restdues encoded by the mammalian genetic code, such as anuno acids A, C, D, E, F, G,
HELKLMNPEQRS T VW and Y. In some embodiments, X 15 an unnatural
amino acid residue {i.e., an aming acid residue not encoded by the mammalian genetic
code). In some embodiments, x i3 homoghutamine (also referred to herein as homoQ).

In some embodiments, X is a 4-7 amino acid residue or peptide sequence, wherein
each amino acd residue is independently selected from lysine (K), argimine (R}, and
glveime (G

In some embodiments, the long acting CNP derivative or the very long acting CNP
derivative includes U-GLSKGCFGLKLDRIGSMAGLGC [SEQ IDNO. 24,

whersin:

U s {(aliphatic)~(X)-:

wherein:

aisl;

aliphatic is an optionally substituted C4.,4 chain (e.g, an optionally substiiuted

.24 chain, an optionally substituted C 4.4 chain}, covalently bound to X via a chemical

=70~
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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 carbonyl
as part of an amide or an ester linkage: or more preferably via a carbony! as part of an
amide linkage with X;

¥ is a i-10 amino acid residue or peptide sequence, wherein each amino acid
residue is independently selected from lysine (K}, arginune (R), glyvcine (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 1s homoglutamine;
U 1s (aliphatic)g-(X)-, wherein a is 0 or 1 (preferably a is 1), aliphatic is a branched or
straight optionally substituted Cg chain covalently bound to X via a carbonyl {e.g,
CH3(CH),CE0)) or an optionally substituled Cyg 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 substitited g chain
covalently bound to X via a carbonyl {e.g., CH3(CHy) sC(=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 a carbonyl {e.g, CHy(CH,)4C(=0)) as part of an
amide linkage with X, or aliphatic 1s HOCEOWCHL ) CEOY; Xis a linker (vE (Bl
BisGlyymis 0, 1, or2; andnis 1.

in some ernbodiments, the long acting CNP derivative or the very long acting UNP
dertvative includes U-CFGLKLDRIGSxSGLGC [SEQ ID NO. 14], x is homoglutamine;
U is (aliphatic)y-(X)-, wherein a 15 0 or 1 (preferably a is 1), aliphatic s a branched or
straight optionally substituted Cg chain covalently bound to X via a carbonyl {e.g,
CH3(CH ) ,C(=0)) or an optionally substituled Cyg chain covalently bound to X via a
chemical linkage, such a thioether, an ether, a thioether, a carbamate moiety, a bond, or the
fike with X preferably aliphatic is a branched or straight optionally substituted C ;g chain
covalently bound to X via a carbonyl {e.g., CH3(CHy) C(=0)) as part of an amide or esier
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, CH3(CH),C(=0)) as part of an
amide hinkage with X, or aliphatic 1s HOCEOWCH, ) CEOY; Xis a linker (vE (Bl

BisGly;mis |, andnis 1.
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In some embodiments, the long acting CNP derivative or the very long acting CNP
derivative includes U-CFGLKLDRIGSSGLGC [SEQ ID NG, 15], x 15 homoglutamine;
U is {aliphatic},~(X)}-, wherein a is  or 1 (preferably a is 1), aliphatic is a branched or
straight optionally substituted Cg chain covalently bound to X wvia a carbonyl (e.g,
CH3(CH}C(=0)) or an optionally substituied Cig chain covalently bound to X via a
chemical linkage, such a thioether, an ether, a thioether, a carbamate moiety, a bond, or the
iike with X preferably aliphatic is a branched or straight optionally substituted C ¢ chain
covalently bound to X via a carbonyl (e.g., CH3(CHy)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 a carbonyl (e g, CH3{CH ) C(=0)) as part of an
amide linkage with X, or aliphatic is HOC(E=OWCH ), C(=0); Xis alinker (YE (B, m
is1;andnis O

In some embodiments, the long acting CNP derivative or the very long acting CNP
denvative includes U-CFGLKLDRIGSxSGLGC, where x 15 a natural or unnatural amino
acid residue [SEQ 1D NO. 12}, wherem U is (aliphatic);-(X)-; ais 0 or 1 (preferably ais
1); aliphatic is an optionally substituted Cyq.04 chain {e.g., an optionally substituted Cyq.
24 chain, ao optionally substituted Cyg.15 chainy, 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 moiety, a bond, or the like with X preferably via a carbonyl
as part of an amide or an ester linkage: or roore preferably via a carbonyl as part of an
amde linkage with X, or aliphatic 1s HOC(=0}CHy},C(=0)); X is a linker (yE)un~{B)x,
wherein B is 2 1-8 amino acid residue or peptide sequence wherein each amino acid residue
1s independently selected from 2-{2-(2-anminoethoxyjethoxvlacetic acid residue, Gly, Ala,
Lew Ser, Arg. and Lys; mis 0, 1,2, or3; 0150, 1, 2, or 3; and the sum of mand n is at
feast 1. In some embodiments, x tin U-CFGLKLDRIGSXSGLGC [SEQ 1D NQO. 12] s not
a methiomne residue, 1 not an asparagine residue, or is neither a methionine nor an
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, O, DL E F, G,
HLGLMMNBEQRS TV, W and Y. Insome embodiments, x 15 an unnatural
amino acid residue {ie., an aming acid residue not encoded by the mammalian genetic

code). In some embodiments, x is homoghitamine (also referred to herein as homoQ).
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In some embodiments, the long acting CNP derivative or the very long acting CNP
derivative includes U-CFGLKLDRIGSXSGLGC, where x 15 homoglutamine (homoQ)
[SEG 1D NO. 16], Uis {aliphatic)y-(X)-; wherein ais 0 or 1 {preferably ais 1}; aliphatic is
a branched or straight optionally substituted C 5 chain covalently bound to X via a carbonyl
{e.g., CH3(CH1);,C(=0)) or an optionally substituted Cyq chain covalently bound to X via
a chenucal linkage, such a thioether, an ether, a thioether, a carbamate mosety, a bond, or
the hke with X; preferably aliphatic 15 a branched or straight optionally substituted Cig
chain covalently bound to X via a carbonyl {e. g.. CH3{(CHy)sC(=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 fo X via a carbonyl {e.g, CH3{(CH,)sC(=0) as
part of an amide linkage with X or aliphatic is HOU{=0}CH;);4C (=0 X is a linker
{(vE)u-(B)s; B is 2-[2-(Z-aminoethoxy Yethoxy jacetic acid residue, mis O, and nis 2.

In some embodiments, the long acting CNP derivative or the very long acting CNP
derivative includes U-CFGLKLDRIGSxSGLGC, where x 15 homoglutanine (homoQ)
[SEGID NO. 17], U s (aliphatic),-(X)-; wherein ais 0 or 1 (preferably ais 1}; aliphatic is
a branched or straight optionally substituted Cy chain covalently bound to X via a carbonyl
{e.g., CH3(CH,)1cC(=0)) or an optionally substituted g chain covalently bound to X via
a chenucal linkage, such a thioether, an ether, a thiosther, a carbamate moiety, a bond, or
the Iike with X, preferably aliphatic 15 a branched or straight optionally substituted Cyg
chain covalently bound to X via a carbonvl {e.g., CH3(CHy)sC(=0}) as part of an amide
or ester linkage with X; or more preferably aliphatic is a branched or straight optionally
substituted Cg chain covalently bound to X via a carbony! {e.g, CH3{(CH,}5C(=0)) as
part of an amide linkage with X, or aliphatic is HOC{(=O}CH,);C{=0); X is a linker
(vE}u-(B)s; B is 2-[2-(2-anuncethoxy}ethoxyjacetic acid residue, mis 1, andnis 2.

In some exnbodiments, the long acting CNP derivative or the very long acting CNP
dertvative includes U-CFGLKLDRIGSxSGLGC, where x 1s homoglutamine (homoQ)
[SEQID NG, 18], Uis (aliphatic),-(X}-; wherein a1s 0 or 1 {preferably a1s 1), aliphatic 1s
a branched or straight optionally substituted C, ¢ chain covalently bound to X via a carbonyl
{c.g., CH3(CH;)15C(=0}) or an optionally substituted Cyg chain covalently bound to X via
a chenucal linkage, such a thioether, an ether, a thioether, a cartbamate moiety, a bond, or

the hike with X preferably aliphatic is a branched or straight optionally substituted Cjg

[

-3

152
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chain covalently bound to X via a carboryl {e.g.. CH3{TH,)1C(=0)) as part of an amde
or ester linkage with X, or more preferably aliphatic is a branched or straight optionally
substituted Cyg chain covalently bound 10 X via a carbonyl {e.g., CH(CH;)1C(=00) as
part of an amide linkage with X, or aliphatic is HOC(E=OXCH ) C(=0)):; X is a linker
(B (B B is (2-[2-(Z-amunoethoxy Yethoxy jacetic acid}~(2-{2-(2-
aminosthoxy ethoxyjacetic acid)}-(Gly), mis 0, andnis 1.

In some embodiments, the long acting CNP derivative or the very long acting CNP
dertvative includes U-CFGLKLDRIGSxSGLGC, where x s homoglutamine (homoQ)
[SEQ ID NG, 19}, U is (aliphatic),-(X}-; wherein a1s 0 or 1 {preferably ais 1} aliphatic is
a branched or straight optionally substituted Cy chain covalently bound to X via a carbonyl
{e.g., CH;(CH);,C(=0)) or an optionally substituted Cyq chain covalently bound to X via
a chenucal linkage, such a thioether, an ether, a thioether, a carbamate moiety, a bond, or
the Iike with X, preferably aliphatic 1 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
or gster 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, CH3(CH,)cC{(=0)) as
part of an amide linkage with X, or aliphatic 1s HOC{(=0}CH,);C{=0); X 1s a linker
(VE)u-(B)n; B is (2-{2-(2-aminoethoxy jethoxy jacetic acidy-(2-[2-(2-
aminoethoxy ethoxyiacetic acid}<(Glv), mis I, andnis 1.

in some ernbodiments, the long acting CNP derivative or the very long acting UNP
derivative U-CFGLKLDRIGSSGLGC 18 HOCEOWCH) CEO)wE-Acea-Acea-
GCFGLKLDRIGShomoQSGLGC with a disulfide bond between the cysteine residues
{homoQ: homoGlutamine; Aeea: 2-[2-Z-amunocthoxy)ethoxy]acetic acid  residue;
HOCE=OKCH,) 600y octadecadioic acid reacted with vE so that a carbonyl (C(=0))
remains from one of the original octadecadioic acid carboxylic acid terminus; vE: ghdamic
acid conjugated through ganvoa-carboxy group [SEQ 1D NO. 201,

In some embodiments, the long acting UNP derivative or the very long acting CNP
derivative  U-CFGLKLDRIGSxSGLGC 18 HOC(EOXHCH;),C(=0})-Acea-Acea-
GCFGLKLDRIGShomoQSGLGC with a disulfide bond between the cysteine residues
{homoQ}: homo(Hutamine;, Aeea: 2-[2-(Z-aminoethoxylethoxyiacetic acid residue;

HOCEOHCH, 14(COY: octadecadicic acid reacted with the amino terminus of Aeea so
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that a carbonyl {C(=0)) remains from the original octadecadioic acid carboxylic acid
termuinug; [SEQ D NQ. 211

In some embodiments, in any of the definitions herein, aliphatic does not include
one or more of a straight or branched optionally substituted Cy.q chain {e.g., an optionally
subsiituied Cy.g chain-C{=0)- motety, and/or an optionally substituted Cyq4 chain that is
covalently bound to the peptide via a linkage such as a thioether, an ether, a thioether, a
carbamate motety, a bond, or the like). In certain embodiments, aliphatic is not a straight
or branched Cgq chain (e. g, a straight or branched Cg chain covalently bound to the peptide
via a linkage such as a carbonvl, thicether. an ether, a thioether, a carbamate moiety, a
bond, or the like).

In SOINe ermbodiments, 8] as described above includes
CH(CH 4 CEOREKKGGG- [SEQ 1D NG, 221 CH3(CH ) CEOKKEKGGG-
[SEG  ID NO. 23} CH3(CH) «CEOKKKEKGGSG-  [SEQ 1D NO. 24L
CHR(CH 3 CEOIKKKEGGG- [SEQ D NG, 255 or CHa(CH 0 U=0KKKKGGE
ISEQ 1D NO. 26}

In some embodiments, the long acting CNP derivatives of the present disclosure
includes  CH3(CHy )4 CECKKKKGGGOLSKGCFGLKLDRIGESMSGLGC  [SEQ 1D
NO. 5} CH3(CH) s CEORBKKGGGOLSKGCFGLKLDRIGEMSGLGC [SEQ ID NO.
6}, CH3{CHy W CEORKRKEKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NG, 74;
CHA(CHy )p C=OIKKKKGGGGLSKGCFGLKLDRIGSMBGLGC  [SEQ ID NO. 8
CHR(CH pp CEOIRKKEKGGGGLSKGCFGLKLDRIGSMBGLGE  [SEQ 1D NO. 9
HOC(E0KCHY) 14C(=0)-vE-Aeea-Aeea-GCFGLKLDRIGShomoQSGLGC  including a

B

disulfide bond between the cysieine vesidues [SEQ 1D NO. 20} aondior
HOCE=OKCH,)) 1,00 Acea-Acea-GCFGLKLDRIGShomoQSGLGC  including  a
disulfide bond between the cysieine residues [SEQ ID NO. 211

in certain embodiment, the long acting CNP denvatives of the present disclosure
includes  CH3{CHy) sC=0KKKKGGGGLSKGCFGLKLDRIGSMSGLGC  [SEQ 1D
NO. 6],

1o some emboduments, the long acting CNP denvative or the very fong acting CNP
derivative includes U-GLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO. 21, U-
GLSKGCFGLK{ULDRIGSMSGLGC [SEGQ D NO. 3],

~3
(9]
&
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GLSKGCFGLK{INLDRIGSMSBGLGC [SEQ 1D NO. 4}, U-CFGLKLDRIGSXSGLGC,
where < 15 a natoral o vnnatural amino acid residoe [SEQ ID NG, 271, or any combination
thereof;

wherein U is a moiety of Formula (3}, where Formula (11} is

{polymery,~(Y)-;
{h

wherein ais 0 or 1 {preferably ais 1};

polvmer 15 cellulose, poly{ethylene glyeol) (PEG), methoxy poly{ethvlene glycol)
{MPEG), poly(lactic-co~glveolic acid). or polv{N-vinyl pyrrolidone};

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);

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 hnker (vE)~(B},. wherein B is 1-8 amine acid residue or peptide sequence
wherein  each amino acid residue i3 independently selected from 2-[2-(2-
aminosthoxyjethoxyiacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mas O, 1, 2, or
3:n18 0, 1, 2, or 3; and the sum of m and n 15 at least 1.

In some embodiments, the long acting CNP derivative or the very long acting CNP
dertvative includes U-GLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO. 21 U-
GLSKGUFGLK(ULDRIGSMSGLGC [SEQ 1D NO. 3], or any combination thereof]

wherein U is a motety of Formula (I}, where Formula (IT) is

{polvmer),-(Y)-;
()

whergin ais 0 or 1 {preferably ais 1);

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

Y is

a 1-10 avuno acid residue or peptide sequence, wheremn each armsino acid residue is
mdependently selected from lysine (K), arginine (R}, glveime (G), alanine (A), glutamic

acid (B), and aspartic acid (B);
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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 to (polymer)a;

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

In some embodiments, Y in Formmda (11} above is a hinker ~(vE},~(B},, wherein B
18 1-8 amino acid residue or peptide sequence wherein each aming acid residue is
independently selected from 2-[2-(2-aminoethoxy)ethoxviacetic acid residue, Gly, Ala,
Leu Ser, Arg,and bys: mis 0. 1,2, 0r3;nis 0, 1L 2, or 3; and the sumof mand o 15 at
least 1.

In some embodiments, the polymer does not include poly(ethylene glveol), MPEG,
or both poly{ethvlene glycol) and MPEG.

In some embodiments, Y is a 4-10 amino acid residue or peptide sequence, wherein
each anuvo acid residue is mndependently selected from lysine (K), arginine {R), and
glycine (G), or a linker (yE) (B}, wherein B s 1-8 amino acid residue or peptide
sequence wherein each amino acid residue 18 mdependently selected from 2-[2-(2-
aminosthoxyjethoxyiacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mas O, 1, 2, or
3:n18 0, 1, 2, or 3; and the sum of m and n 15 at least 1.

In some embodiments, Y is a 4-10 amino acid residue sequence, wherein gach
amine acid residue is independently selected from lysine (K), arginune (R), and glycine (G).

In some embodimenis, Y is alinker (YE) (B}, wherein Bis 1-8 amino acid residue
or peptide sequence wherein each amino acid residue 1s independently selected from 2-{2-
{Z-annoethoxyjethoxyiacetic acid restdue, Gly, Ala, Leu, Ser, Arg, and Lvs; mis 0, 1, 2,
or3;nis 0, 1, 2, or 3; and the sum of m and n 1s at least 1.

In some embodiments, the CNP or dertvatives thereof of the present disclosure does
not include CNP that is modified with polyalkylene glveol at the lysine residues at positions
4 and 10 of SEQ 1D NO. 10 and/or at the N-terminus of the CNP of SEG ID NQ. 10

In some embodiments, the formulations including long acting CNP derivatives of
the present disclosure includes one or more CNP or derivatives thereof formulated with a

polymer excipient including a poly(amine acid) grafted with polyethylene glveol, fatty
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acid, and/or anionic moieties. The polymer is adapted to sequester or non-covalenily bind
to the CNP derivative(s).

In some embodiments, the fornmaations including very long acting CINP derivatives
of the present disclosure includes one or more long acting CNP derivatives formulated with
a polvmer excipient including a poly{amino acid) grafted with polvethylene glveol, fatty
acid, and/or anionic moieties. The polymer i1s adapted to sequester or non-covalently bind
to the CNP derivative(s).

In some emboduments, the formulations cluding 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(amino acid) grafted with polvethviene glycol, fatiy
acid, and/or amonic moieties. The polymer 1s adapted to sequester or non-covalently bind
o the NPRB agonist(s).

In some embodiments, the formulations including very long acting NPREB agonist
of the present disclosure includes one or more long acting CNP derivatives formulated with
a polymer excipient including a poly{amino acid) grafted with polyethylene glveol, faty
acid, and/or amonic moieties. The polymer 1s adapted to sequester or non-covalently bind
10 the NPRB agonist(s).

The poly{amino acid) that is grafted with polyethylene glycol, fatty acid, and/or
anignic moieties can include a polv{amino acid) which may have D- or L-chirality or both
and is a straight chain homopolyroer.  In one specific embodument, straight chain
homopolvmers  include polvlysine, polyornithine, polyvarginine, polyglutamate,
polvaspartate, polyserine, polytvrosine, or any other amide linked homopolvmer made
from amino acids. In another preferred embodiment, straight chamn hydrophobic
homopolymers comprise  polvalanine, polyvaline, polyvleucine, polvisoleucine,
polyglveine, or polyphenvialanie. In some embodiments, the poly(amino aad) is
polylysine.

Methods of making the active pharmaceutical ingredients

The peptides of the present disclosure, such as the long acting ONP, 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)
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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 Fmoe chemistry, known to those of ordinary skill in the art, resulling in a
inear protected peptide linked to the resin. Linear crude peptide can be deprotected and
released from the resin by acidolysis with trifluoroacetic acid in the presence of carbocation
scavengers and ether precipitation. The resulting linear peptide can be cyclized, for
example, by dissolving in DMSO and acetonitrile agueous solution and reacted to form
disulfide bond. Finally, the peptide can be purified and characterized by reversed phase
HPLC {e.g., 1260 Infinity II 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
igredient(s) {"APIs") of the present disclosure has a weight ratio of a polymer excipient
relative to APls such that the resulting mixture is 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 to 56:1 or 20:1 t0 5:1. The polymer excipient is adapted to sequesier or non-covalently
bind to the APIs. Examples of polymer excipients are described, for example, in Castillo
er al., Pharm. Res., (2012) 29(1}; p 306-18; Castillo er o/, PLoS One, (2017) 12(2%:
e0171703, US patent nos. 10,507 248; 10,035,885; and 10,010,613, each of which is herein
incorporated by reference n its entivety. The polyroer excipient can be, but is vot linited
to polvlysine grafted with PEG at the epsilon amino io a level between 10-55% {e.g., 10-
35%, or 3(-55%;) of total epsilon amino and the remainder amino groups grafted with alkyl
group and/or amonic moweties such as sulfate, sulfonate, carboxyl, phosphate, or
phosphonate. Methods of making polymer excipients are known in the art.

Briefly, in some embodiments, the polvmer excipient is a polymer made by the
{ollowing procedure.  Poly-L-lyvsine (20PL), hydrobromide (21 wmwol or 1 g Sigma,
Average Mw=26 kDa; d.p.126) was dissolved and the amount of NH;~-groups determined
by TNBS titration. Methoxy polyethvlene glveol carboxymethyvl (MPEG-CM; 10 g3 Mw=S
kDa; 2 mamol; Laysan Bio} was coupled to the polvlvsine using NHSS and EDC to provide
the polvmer excipient intermediate. The percent amino groups remaining was deternuned

by TNBS. The hydrodynamic diameter was determined by size exclusion chromatography.

7
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The crude product can be lvophilized. Stearyl-NHS (C18-NHS) was prepared by activating
stearic acid with NHS.  DCC coupling of stearv-NHS to the polymer excipient
intermediate can be conducted. Excess reagents and side products can be removed standard
techniques. Additional C18-NHS (3.6 mmol) was added and allowed 1o react with the
polvimer intermediate overnight.  The reaction nuxture was concerdrated by rotary
evaporation under vacuum to remove volatile components until an oil is isolated. The oil
can be dissolved in alcohol and water. The solution can be filtered, washed repeatedly to
provide a retentate containing the polymer excipient (polylysine with C18 bydrophobic
side chains and MPEG hydrophilic side chains} was collected, 0.2 um filtered {polysuifone
filter, Nalgene, Rochester, NY) and lvophilized, to provide the dry polymer excipient.

While a polvmer excipiant having Cyg hvdrophobic side chains is described above,
itis undersiood that other hydrophobie side chain lengths {(e.g., Cyp4. C1200. Coois: Cra-
18> Cia-1ge 0F Cyg) and hydrophilic side chains (e g, PEG, mPEG) can be adapted to make
polyroer excipients having other hydrophobic side chains and hvdrophilic side chaius.

The poly{amino acid) that is grafted with polyethylene glycol, fatty acid, and/or
anionic moieties can include a poly{amino acid} which may have D- or L-chirality or both
and 1s a siraight chamn homopolymer. In one specific embodiment, straight chain
homopolvmers include polylysine, polyornithine, polvarginine, polyglutamate,
polvaspartate, polyserine, polviyrosine, or any other amide linked homopolymer made
from amuno acids.  In another preferred embodiment, siraight chain hydrophobic
homopolvmers  comprise polvalanine, polyvaline, polyleucine, polviscleucine,
polyglvcine, or polyphenylalamine. In some embodiments, the poly{amino acid) is
polylysine.

Examples of hydrophilic side chains include poly(ethviene glvcol}, which may be
esterified by dicarbosylic acid to form a poly{ethylene glyeol) monoester; methoxy
poly{ethylene glycol} monoester (MPEG) or a co-polymer of polv{ethvlene glveol) and
poly{propylene glyvcol} monoester in a form of an ester with a dicarboxylic acid giving the
termunal of this co~polvmers a carboxyl group that can be used to covalently link it to a
polviaroine acid).  Other forms include poly{ethylene glyveoly-carboxyl, methoxy
poly{ethviene  glycol}-carboxyl, polv{ethylene glvcol)-carboxymethyl, methoxy

poly(ethylene glvcol}-carboxymethyl, polv(ethylene glveol} monoamine; methoxy

=80
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poly{ethylene glycol} monoaming; poly(ethylene glycoly hydrazide, methoxy
poly{ethylene glveol} hydrazide; methoxy polv(ethylene glycol} imidazolide block-co-
polymer of poly (ethvlene glveol} and one or several polymers represented by
polyaminoacid, polysaccharide, polvamidoamine, polvethvieneimine where these blocks
are alternaied to give a linear block-co-polymer. In one embodiment, the overall molecular
weight of a protective chain mav be larger than 300 Daltons but not exceeding 10,000
Daltons. In one embodiment, one or more protective chains are linked to the polv{(amino
acid) backbone by a single linkage.

Without wishing to be bound by theory, it is believed that the higher the weight
ratio of polymer excipient fo APIs, the more sustained the presence in the plasma and the
moore sustained the plasma cyclic-GMP elevation over the baselive, when the AFPI
composition 15 administered to a subject.

In some embodiments, the formulations including the long acting CNP, long acting
CNP derivative, and/or the long acting NPRB agonist of the present disclosure bas a weight
ratic of a polymer excipient relative to CNP, CINP denvative, 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 agomist can be from 3:1 {0 10011, 10:1 t0 50:1 or 20:1 t0 5: 1.
The polymer excipient can include a polv(amino acid) grafied with polyethylene glveol,
fatty acid, and/or anionic moieties. See, e.g, Castillo er o/, Pharm. Res,, (2012) 29(1). p
306-18: Castille ef af.. PLoS One, (2017) 12(2); €0171703; US patent nos. 10,507.24¢;
10,035,885; 10,010,613, each of which is herein incorporated by reference in s entirety.
The polymer exeipient is adapted to sequester or non-covalently bind to the CNP, CNFP
derivative, and/or the NPRB agonist. The polymer excipient can be, but is not linuted to
polylysine 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 gralted with alkyl group and/or anionic
maoieties 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 15 believed that the higher the weight ratio of polyroer excipient to CNP , CNF derivative,
and/or the NPRB agonist, the more sustained the CNP, CNP denivative, or NPRB agonist

presence in the plasma and the more sustained the plasma cyclic-GMP elevation over the
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baseline, when the (NP, CNP derivative, and/or NPRB agonist composition is
administered 1o a subject.

in some embodiments, the very long acting UNP, very long acting CNP derivative,
and/or very long acting NPRB agonist formudations include CINP, UNP dernivative, and/or
NPRB agonist and a polymer excipient at a weight ratio of polymer excipient relative to
NP, CNP derivative, and/or NPRB agonist such that the resulting mixture is a very long
acting UNP, a very long acting CNP derivative, 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 t0 5011 or 280:1 10 5:1. The polymer excipient
can include a polv{amino acid) grafted with polyethylene glycol, fatty acid, and/or anionic
moieties. See, e.g., Castllo ef ¢/, Pharm. Res., {2012) 29(1); p 306-18; Castillo f o/,
PLoS One, (2017) 12(2); e0171703; US patent nos. 10,507,248; 10,035,885; 10,010,613
each of which is herein incorporated by reference i its entirety. The polymer excipient is
adapted to sequester or non~covalently bind to the CNP, NP derivative, and/or NPRB
agorist. The polymer excipient can be, but is not limited to polvlysine grafted with PEG
at the epsilon amino to a level between 30-5S5% or 10-35% of total epsilon amino and the
remainder amine groups grafted with alky] group and/or anionic 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 agouist, the
maore sustained the CNP, CNP derivative, and/or NPRB agonist presence in the plasma and
the more sustained the plasma cyclic-GMP elevation over the baseling, when the CNP,
CNP derivative, and/or NPRB agorust composition 1s admimstered to a subject,

Combination cancer ireatment

In further embodiment of the present disclosure, any one of the above methods for
treating cancer includes further admiristermg inwoune checkpont inhibitor(s). The
immune checkpoint inhibitor(s) can include antibodv(ies)y/protein(s) or compounds that
binds and/or block the action of any one of CTLA-4 (cviotoxic T-lvmphocyte-associated
protein 4}, PD1 (Progranuuved cell death protem 1 or CD279), PD-L1 (programumed death-
ligand 1), PD-L2 (programmed death-ligand 2}, LAG-3 {lymphocyte-activation gene 3

protein), BTLA (B- and T-lymphocvie attenuvator), B7H3 ((CD276, is an immune
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checkpoint member of the B7 and D28 famulies), B7H4 (a molecule of the B7 family,
negatively regulates T cell iromunity), and/or TIM-3 (a co-inlbitory receptor that s
expressed on IFN-y-producing T cells). The therapeutically effective bolus dose of a
composition including a long acting C-tvpe natriuretic peptide (CNP), CNP derivative, long
acting CNP denvative, long acting CNP receplor (NPRB) agonist, or any combination
thereof can be adnunistered prior to, concurrently with, or subsequent o the imumune
checkpoint inhibitor(s).

In some ercbodiments, any one of the methods for treating cancer of the present
disclosure further includes admunistering CAR-T cells. The therapeutically effective bolus
dose of a composition including a long acting C-type natriuretic peptide {CNP), UNP
derivative, long acting CNP derivative, long acting CNP receptor (NPRB) agonist, or any
combination thereof: and/or the immune checkpoint inhibitor(s). can be admunistered prior
1o, concurrently with, or subsequent to intravenous administration of the CAR-T cells.

In some ernbodiments, any one of the methods for treating cancer of the present
disclosure further includes administering antibodies. For example, the antibody can be an
anti-PD1 antibody ). In some embodiments, a synergistic effect can be observed between a
composition including along acting C-type natriuretic peptide (CNP), CNP derivative, long
acting CNP dertvative, long acting UNP receptor (NPRB} agonist, or any combination
thereof, together with the antibody.

In some ermnbodiments, any one of the methods {or treating cancer of the present
disclosure further includes administering one or more adjuvants, such as CpG
oligodeoxynucieotides (QODN), a Toli-like receptor 9 agomst; or a CpG
oligodeoxynucleotide. In some embodiments, a synergistic effect can be observed between
a composition including a long acting C-type natriuretic peptide (CINP), CNP derivative,
long acting CNP derivative, long acting CNP recepior (NPRB) agonist, or any combination
thereof, together with the adjuvant.

In some embodiments, the present disclosure features a method of treating a subject
{e.g., a mammalian subject, a patient in need thereof) with one or more of cancers in the
following organs: skin, breast, boue, prostate, colon, head, neck, liver, kidney, cervix, lung,
stomach, urethra, bladder, ureters, renal pelvis, rectum, esophagus, lymph node, pancreas,

stomach, ovary, central nervous system, soft tissue, and/or endocrine glands. The method
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includes administering to the subject a therapeutically effective bolus dose of a composition
{e.g., cvtotoxic cell ummunostimulant composition) inchuding a long acting CNP, a very
iong acting CNP, a long acting UNP derivative, a very long acting CNFP derivative, a long
acting NPRB agonist, and/or a very long acling NPRB agonist.  The method further
mcludes adroinustering an iowoune checkpoint inhibitor such as one or more
antibody (ies)/protein(s} or compounds that binds and/or block the action of anyone of
CTLA-4 {cvtotoxic T-lymphocyte-associated protein 4), PD1 (Programmed cell death
protein 1 or CD279), PDR-L1 (prograromed death-ligand 1), PD-L2 (prograromed death-
ligand 2), LAG-3 (Iymphocyte-activation gene 3 protein), BTLA (B- and T-lymphocyte
attenuator), BTH3 (D276, is an immune checkpoint member of the B7 and CD28
families), BTH4 (a molecule of the B7 family. negatively regulates T cell immunity), and/or
TIM-3 (a co-inhibitory receptor that is expressed on IFN-y-producing T cells) In some
embodiments, the method further includes administering to the subject an immune
adiuvant, wherein the immune adjuvant modulates a toli-like receptor, or a cytotoxic cell
mnmumostinudant including  therapeutic agents {e.g., protein and/or small molecule
compounds} or antibodies targeting an immune checkpoint protein selected from CTLA-4
{cviotoxic T-lvmphocvie-associated protein 4) , PD1 {programmed cell death protein | or
CD279), PD-L 1 {programnmed death-ligand 1), PD-L2 {programmed death-ligand 2}, LAG-
3 (lymphocyte-activation gene 3 protein), BTLA {(B- and T-lymphocyte atienuator), B7H3
{((CD276, an imvymme checkpoint member of the B7 and CD28 families), B7H4 (a molecule
of the B7 family, negatively regulates T cell immunity), and TIM-3 (a co-inlubitory
receptor that is expressed on IFN-y-producing T cells), wherein the cvtoloxic cell
mmunostimulant inhubiis an tmmune checkpoint proteiry or further adoinistering a
cytotoxic cell immunostimulant including an antibody or portion of an antibody against an
immuone checkpoint protein, a soluble ligand of an immune checkpoint protein,
pembrolizamab, Nivolumab, Ipilimumab, Atezolizumab, Avelumab, Durvalumab,
Cemiplimab, tremelimumab, lambrolizumab, and/or pidilizumab; or further administering
an immune adjuvant that is a toll-like receptor 9 agomst; or further administering an
e that s a CpG oligodeoxynucleotide. The therapeutically effective bolus dose of
the composition 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 more than 15%, by more than 10%, or
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by more than 5%) of a baseline blood pressure measurement, where the baseline blood
pressure measurement i3 an average blood pressure prior fo administration of the
composition, but the dose can increase plasma cyclic-GMP ievel at from 1 hour to 12 howrs
after administration {e.g., 2 10 12 hours, 4 t0 12 hows, 1 hour 10-24 hours, 2 to 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 to 168
hours, 2 1o 168 hours, 4 to 168 hours, 12 to 168 hours) to above 1.5x (e.g . above 2x, above
3x, above 4%, or above 5k} of a baseline plasma cvclic-GMP level, where the baseline
plasroa cyvelic-GMP level 1s defined as the average plasma level prior to adowoistration 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 subject {e.g, a manwnalian subject, a patient in need
thereof) with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, colon, head, neck, liver, kidney. cervix, lung, stomach, urethra, bladder, ureters,
renal pelvis, rectum, esophagus, lvmph node, pancreas, stomach, ovary, cendral nervous
system, soft tissue, and/or endocrine glands. The methods include administering to the
subject a therapeutically effective bolus dose of a composiiion (e.g., a cytotoxic cell
immunostimulant coraposttion) including a long acting CNP, a very long acting CNP, a
long acting UNP derivative, a very long acting NP derivative, a long acting NPRB
agonist, and/or a very long acting NPRB agonist. In some embodiments, the method further
includes administering an antibody or portion of an antibody against an sromune checkpoint
protein and/or a soluble ligand of an immune checkpoint protein. For example, the method
can further include administering one or more immune checkpoint protein antibodies
mcluding pembrolizumab, nivolurnab, ipthimuroab, atezolizumab, avelumab, durvalumab,
cemiplimab, tremelimumab. lambrolizumab, and/or pidilizumab. The therapeutically
effective bolus dose is a dose that does not decrease or cause a decrease in blood pressure
{or mean arfenial 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, but the dose can increase plasma cyclic-GMP level at froro 1 hour to 12 hours
after administration {e.g, 2 to 12 hours, 4 to 12 hours, 1 hour t0-24 hours, 2 to 24 hours, 4

{0 24 howrs, 1 hour to 84 hours, 2 to 84 hours, 4 {0 84 hours, 12 {0 84 hours, 1 hour to 168
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hours, 2 to 168 houwrs, 4 to 168 howrs, 12 to 168 hours} to above 1.5x {e.g.. above 2x, above
3x, above 4%, or above 5x} of a baseline plasma cvclic-GMP level, where the baseline
plasma cvelic-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-GMPF level prior to admimstration of the composition for the subject).

In some embodiments, the subject {e.g, a mammalian subject, a patient in need
thereof} with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, colon, head, neck, liver, kidney, cervix, lung, stomach, urethra, bladder, ureters,
renal pelvis, rectum, esophagus, lymph node, pancreas, ovary, central nervous svstem, soft
tissug, and/or endocrine glands. The method includes administering to the subject a
therapeutically effective bolus dose of cytotoxic cell immumostimulant composition
mcluding a long acting CNP dervative.  The method further includes admunistering
immune checkpoint mhibitor selected from one or more antibody{igsyprotein(s) or
cornpounds that binds and/or block the action of anvone of CTLA (cvtotoxic T-
lymphocyte-associated protein 4), PD1 (Programmed cell death protein 1 or CD279), PD-
L1 {programmed death-ligand 1), PD-L2 {programmed death-ligand 23, LAG-3
{lymphocvie-activation gene 3 protein}, BTLA (B- and T-lymphocyte atienuator), B7H3
{({CD276, 15 an immune checkpoint member of the B7 and CD28 fanulies), B7H4 (a
molecule of the B7 family, negatively regulates T cell immunity), TIM-3 (a co-inhibitory
receptor that is expressed on IFN-y-producing T cells). The therapeutically effective bolus
dose is a dose as described above.

In some embodiments, the subject {e.g., a mammalian subject, a patient in need
thereof) with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, colon, head, neck, liver, kidney. cervix, lung, stomach, urethra. bladder, ureters,
renal pelvis, rectum, esophagus, lyvmph node, pancreas, stomach, ovary, central nervous
system, soft tissue, and/or endocrine glands. The wethods include administering to the
subject a therapeutically effective bolus dose of cyiotoxic cell immunostimulant
composition including a long acting NP derivative. In some embodiments, the method
further includes admunustering an antibody or portion of an antibody agamnst an wwoune
checkpoint protein, and/or a soluble ligand of an iomune checkpoint protein. For example,

the method can further include administering one or more immune checkpoint protein
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antibodies including pembrolizumab, nivolumab, ipilimumab, atezolizumab, avelumab,
durvalumab, cemiphmab, tremelimumab, lambrolizamab, and/or pidiizumab.  The
therapeutically effective bolus dose is a dose as described above.

In some embodiments, the subject {e.g.. a mammalian subject, a patient in need
thereof) with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, and/or colon. The methods include administering to the subject a therapeutically
effective bolus dose of cytotoxic cell immunostimulant composition including a long acting
CNP, a very long acting CNP, a Jong acting CNP denvative, a very long acting CNP
derivative, a long acting NPRB agonist, and/or a very long acting NPRB agonist. The
method {further includes administering immune checkpoint inhibitor selected from one or
more antibody{iesy/protein{s) or compounds that binds and/or block the action of anvone
of CTLA-4 {cviotoxic T-lymphocyte-associated protein 4), PD1 (Programumed cell death
protein 1 or CD279), PD-L1 (programmed death-ligand 1}, PD-L2 (programmed death-
figand 23, LAG-3 {ymphocyte-activation gene 3 proteiny, BTLA (B- and T-lymphocyie
attenuator), B7H3 (D276, is an immune checkpoint member of the B7 and CD28
families}), B7H4 (a molecule of the B7 family, negatively regudates T cell immunity), and/or
TIM-3 {a co-inlubitory receptor that 1s expressed on [FN-yv-producing T cells). The
therapeutically effective bolus dose is a dose as described above.

In some embodiments, the subject (e.g, a mammalian subject, a patient in need
thereof} with cancer has one or more of cancers in the following organs: skin, breast, bone,
prostate, and/or colon. The methods include adnunistering to the subject a therapeutically
effective bolus dose of eytotoxic cell immunostimulant composition including along acting
CNP, a very long acting CNP, a long acting CNP dernivative, a very long acting CNP
derivative, a long acting NPRB agonist, and/or a very long acting NPRB agonist. In some
embodiments, the mwethods further include admunistering an antibody or portion of an
anttbody against an iownuoe checkpoint protein, and/or a soluble higand of an iromune
checkpoint protein. For example, the method can further include administering one or more
immume checkpoint protein antibodies including pembrolizumab, nivolumab, ipitimumab,
atezolizumab, avelumab, durvalumab, cerniplimab, tremeliraumab, lambrolizumab, and/or

pidilizumab. The therapeutically effective bolus dose is a dose as described above.
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In any of the above mentioned methods, the skin cancer can include Merkel celi
carcinoma, squarsous cell carcinoma, and/or melanoma; the liver cancer can include
hepatocellular carcinoma; the kidney cancer can include renal cell carcinomas; the lung
cancer can include small cell or non-small cell lung carcinoma; the breast cancer can
mclude triple negative breast cancer; the stomach cancer can include gastric cancer
adenocarcinoma of esophageal junction. and/or dMMR; the lymph node can include
Hodghin or non-Hodgkin PMBCL; the pancreatic cancer and/or ovarian cancer ¢an each
mclude dMMR; and/or the cancer of the surrounding organs to the renal pelvic area can
include urothelial cancer,

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

EXAMPLES

All peptides used i the Examples were svnthesized by solid phase peptide
svathesis {SPPS) with H-Cys{Tr)-2-CL-Trt Resin (0.54 mmol/g) as the starting solid
support {(BLDPharm, Shanghai, China) 1in an automated mucrowave peptide synthesizer
{LibertyBlue HT12, CEM, Maithews, NC). Each constituent molecule of the peptide, such
as amine actd, fatty acid, or protected alkyl dioic acid were anchored sequentially onto the
peptide resin using Fmoc chemistry, which s known to a person of ordinary skill in the art,
resulting in a linear protected peptide linked to the resin.  Linearcrude peptide was
deprotected and released from the resin by acidolysis with trifluorgacetic acid in the
presence of carbocation scavengers and ether precipitation. The resulting hnear peptide
was cyclized by dissolving in 10% DMSO and 20% acetontirile aquecus solution and
allowed to react for at least two davs to provide disulfide bond formation. Finally, the
peptide was purified and characterized by reversed phase HPLC (1260 Infinity H
Preparative LC Svstems, Santa Clara, CA) using a gradient of 10% acetonitrife in water
with 0.1% trifluoroacetic acid (TFA) and acetonitrile with 0.1% TFA. This gradient was
run on a Waters 30 x 150mm XBridge C18 column (P/N 186003284) with a Waters C18§
prep cobunm (P/N 186006893) at 40 mE/min over 24 nminutes 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,



WO 2021/252931 PCT/US2021/037061

o]

10

15

[ae
o

o]
[

30

Example 1. Superior in vive performance of long acting CNP compared to native CNP

when administered as a bolus

All mice used for this study were maintained under a 12-howr light/12-hour dark
cycle with free access to water and standard mouse diet (MF diet, Oriental Yeast Co., Ltd.
Tokvo, Fapan or PicoLab Rodent Diet 20, LabDiet Corp., St. Lows, Missourt).

For the pharmacokinetic study, female CD-1 nuce (6-8 weeks old from Charles
river laboratory) were treated with 2.0 mp/Kg of native human CNP {(Chempep Inc.
Wellington, FL), long acting CNF derivative (dCNP, Chempep Inc. Wellington, FL), or
very long acting CNP derivative (VLA~dCNF) via subcutaneous administration between
the shoulder blades. All test articles were formulated or dissolved in 100 mM 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 UNP; 0, 1, 2, 4, & 12, 24, 48, and 72 for dCNP and VLA-
dUNP)y was performed by retro-orbital bleed, two blesding per animal at two different
fmepomts.  Blood saroples were processed in KaEDTA tubes to obtam plasma. Plasioa
was analvzed by commercially available CNP ELISA kit from Phoenix Pharmaceuticals
{cat# EKE-012-03}. CNP is a native human CNP {GLSKGCFGLKLDRIGSMSGLGC
[SEG 1D NO. 10]) and dOUNP is one of the addition derivatives of human CNP with the
following sequence: CHy(CH)CEMBKKKGGOGLSKGCFOGLKLDRIGSMSGLGC
[SEQID NG. 6]. The VLA-JCNP is a co-formudation of dACNP with PX extending polymer
excipient at a dCNP: excipient weight ratio of 1110, The detals of the polymer are
described m Castillo ef o/, Pharm. Res., (2012} 29(1); p 306-18, herein incorporated by
reference in s entirety.

For pharmacodynaraic study of cyclic~-GMP response study, male CS7BL/6J mice
{6-week old from Kyudo; Saga. Japan} were treated with 1.0 mg/Kg of native human CNP,
long acting CNP derivative (dCNP), and very long acting CNP derivative (VLA-JCNP)
via subcutaneous bolus adnunistration between the shoulder blades. Al test articles were
formulated or dissolved in 100 mM sucrose, 100 mM methionine, 50 mM histidine, pH
7.4. Blood sampling at various times (0, 1, 4, 3, 12, and 24 b for native CNP and dCNP;
0,1,2, 4,8, 5, 24, and 48 h for JCNP and VLA-dCNP} was performed by abdominal aorta
blood sampling after laparotomy, one bleeding per animal per timepoind. To obtain plasma,

EDTA,; final concentration 1.5 mg/mL (Dojindo, Kumamoio, Japan)} and aprotinin; final

-80.
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concentration S00KIU/mL (Sigma Aldrich, St Louis MO) were added io blood and
centrifuged {x 2,000 g; 15 nun, 4C). After supernatant was harvested, plasma samples were
stored at -80 °C. Plasma samples were analyzed by conunercially available cyclic-GMP
kit from (isBio (Codolet, France}. CNP is a native human NP
{(GLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO. 10]) and dCNP is an addition derivative
of human CNP with the following sequence:
CHR(CH ) o (C=0)K KKK GGGGLSKGCFGLELDRIGSMSGLGC [SEQ IDNO. 6. The
VLA-dCNP is a co~-formutation of dCNP 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 29(1}; p 306-18, herein incorporated by reference in its entirety. Specifically,
the PK extending exciptent was made using N-hydroxy sulfo-succinimide reagent and 1-
Ethyi-3-(3-dimethylaminopropyicarbodiimide to activate carboxyi group of polyetheviene
glyecol (PEG) for attachment to epstlon amino of linear polyviysine { at Epsilon amino:
NHSS: EDC: PEG carboxyl group molar ratio of 0.2; 1. 11 0.3} of 5kDa polvetheylene
glyeol (PEG) attached them to the epsilon anuno group of the linear polylysine backbone
with molecular weight ranging from 13 1o 40kDa (polylysine average molecular weight of
28kDa, by nwlti-angle laser hight scattering or MALLS). The product was characterized
by trinttrobenzine sulfonic acid {TNBS) amino in process measurement. It is estimated to
have 55% of epsilon amino group used up during the PEG addition reaction and the
rernaining epsilon amino 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
end of the stearic acid addition as measured by TNBS. The PK extending excipient was
purtfied by an ultrafiltration process that 15 well-known to those skilled i the art. Bufter
formulation used for bolus admiristrations with and without PK extending excipient was
100 mM sucrose, 100 mM methionine, 50 oM histidine.

Referring to FIGURE 1A, the plasma CNP [mean (8D}, n= 5} is shown for CD-1
mice after subcutaneous adminstration in an amount of 2.0 mg/Kg of anative CNP, a CNP
derivative {dCNP), and a very long acting CNP derivative (VELA-dCNP). The insetis an
enlarged scale of the left bottom comer to show the low plasma level of CNP {diamond)
when native CNP 1s administered.  Error bars represent standard deviation of n=5 plasma

samples. Baseline CNP level prior to administration was 1.74 {0.6) ng/mL {mean (SD},

=90
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n=151 FIGURE 1B is a plot showing plasma cvchic-GMP in male C57BL/6I mice
measured using a cyvchic-GMP kit from CisBio {(Codolet, France) after subcutaneous
administration 1n an amowt of 1.0mg/Kg of native UNP, long acting UNP derivative
(dCNP), and very long acting CNP derivative (VLA-dCNP). Baseline plasma cyclic-GMP
level was 20 (3.7) pmol/mL {mean (SEM}; n=8} or 7 {1.3) ng/mL [mean (SEM}; n=8]. Ay
2 hours and bevond, subcutaneous administration of native CNP did not show sigrificant
elevation of plasma cyclic-GMP compared to the baseline, while similar admunistration of
long acting CNPs (dCNP and VL A-dCNP) showed significant elevation of cyclie-GMP for
at least 24 hours.

Example 2: Bolus adminisiration of high dose of verv long acting CNP derivaiive (VLA-

dOCNP ) can increase plasma ovelic-GMP in the surprising absence of corresponding dro

in blood pressure

For this study the cardiovascular and hemodynamic effects were assessed for three
differert long acting natriuretic peptides {very long acting ANF detivatives or VLA-dANF;
ANP  modified i a simular way as  dCNP, where VLA-ANP was
CH3(CH)) s CEORKKKGGG-SLRRSSCRFGGRMDRIGAQSGLGONSFRY  [SEQ 1D
NQO. 28} plus PK extending excipient and dANP  was CH3(CH, ) ;CEORKKKKGGG-
SLRRSSCFGGRMDRIGAQSGLGUNSFRY [SEQ 1D NQO. 28] alone. The PK extending
excipient was a polymeric excipient described in Example 1 above, and in Castillo ef o/,
Pharm. Res., (2012} 25(1); p 306~18, and heremn incorporated by reference n ils entirety.
The very long action BNP denvatives or VLA-dBNP was CHo(CHy)  (C{=0KKKKGGG-
SPKMVQGSGCFGREMDRISSSSGLGCKVLRRH (dBNP) {SEQ ID NO. 29} plus PK
extending excipient described above. dBNP, CHs(CHy ) CEOXRKKKGGO-
SPKMVQGSGCFGREMDRISSSSGLGCKVLRRH [SEQ 1D NO. 291 is without the PK
extending exciptent described above. VLA-dCNP i3 dCNP as described in Example 1 plus
PE. extending polymeric excipient described above. dCNP is as described in Example 1
and s without the PK extending excipient. These formulations (in 100 mM Sucrose, 100
mM methioning, 50 mM histidine buffer) were admimstered to Beagle dogs [n=12
animals/test article; the saroe aniroals were for other test articles after a washout period of
at least a week|. These test articles were adnunistered by a single subcutaneous ingection

containing 25 ug/Kg of peptide and 1 mg/Kg of PK extending polymer {2.5% loading). 12
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animals were previously instrumented with Data Sciences International (St Paul, MN)
felemetry transmutiers to continaously record heart rate, mean arterial pressure, systolic
arterial pressure, diastolic arterial pressure, PR imterval, QRS duration, QT nterval and
bodv temperature. Al animals were montored for 7 days after 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 Ks 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 deiomized water, 15:85, v/v). The sanmples were
inverted several times and then frozen on dry ice. The samples were stored in a freezer (-
80C) then shipped on dry ice for LC-MS analysis of cyclie-GMP.

All natnuretic peplides act by causing ao jncrease in cytoplasmic cyclic-GMP
generation which 15 believed to cause a corresponding drop in blood pressure. However,
referring to FIGURES 2A and 2B, when the bolus doses of very long acting versions of 3
man natriurefic peplides were compared, it was surpnisingly found that a high bolus dose
{sufficient to increase blood cyclic-GMP for 3 days) of very long acting UNP derivative of
the present disclosure could increase in plasma cyclic-GMP without causing a dangerous
drop in blood pressure; while a sinularly developed very long acting ANP and BNP
derivative, when given as a bolus dose {enough to increase blood cvclic-GMP for 3 days),
caused a significant drop in blood pressure. For the very long acting ANP derivative, the
blood pressure drop was as much as 45%, while for the very long acting BNP denvative,
the blood pressure drop was as much as 20%. For all 3 long acting natriuretic peptide
derivatives, the increase in cyclic-GMP was more than 1.5-fold and as much as 6-fold the
baseline. The cychic-GMP AUC are VLA-dANP 3,483 ng*h/ml, VLA-dBNP 2585
ng*h/mb., VLA-dCNP 2,627 ng*h/mi.

FIGURE 2A shows the corresponding increase in plasma cvclic-GMP {mean
{(SEM): n=12} as monifored 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 {roean (SEM); n=121, a level which is simular o healthy human. See, e.g., Tgaki, ef
al., Hypertens Res 1998; 21: 7-13. All very long acting formulations of natriuretic peptide

increased cyclic-GMP above the baseline of 8ng/ml. The cyclic-GMP AUC values were

9%
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VLA-dANP 3,483 ng*h/mL, VLA-dBNP 2,585 ng*h/mL, VLA-dCNP 2,627 ng*h/mL.
The very long acting CNP derivative {(VLA-dCNP) 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
monifored after a bolus admimistration of 25ug/Kg of very long acting CNP denvative
{VLA-dCUNP), verv long acting BNP derivative (VLA-dBNP), or very long acting BNP
derivative (VLA-dANP). VLA-dCNP did not cause significant drop in blood pressure from
baseline (0 hr) after admimstration 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
i blood pressure could be as much as 50% for similar increase i cyclic-GMP. The very
long acting CNP derivative (VLA-dONP) increased plasma cvelic-GMP for 3 days without
an associated drop in blood pressure.

Example 3; VLA-JCNP mgoreased cluster of differentiation & postiive (CD8H T Cellin

breast tumor indicating that VL A-dCNP facilitated eniry and/or activation of tumor

killing cells and/or suppression of immune checkpoint inhibifion against fumor.,

Cluster of differentiation 8 (CD8) is a transmembrane glycoprotein that serves as a
co-receptor for the T cell receptor (TCR). Like the TCR, CD8 binds to a major
histocompatibility complex {MHC) molecule but is specific for the MHC class { protein
{see, e.g., Gao G, Jakobsen B (2000}, Imnmunol Today. 21 (12): 630-6, incorporated herein
by reference in its entirety). CDR is a marker for cviotoxic T cells, and the fact it s
abundant in tumors means that there are a large number of T cells that can attack the tumor
cells, Since DAPI (4',6-dianndino-2-phenyhindole) stains the nucleus regardless of cell
iype, some cells that were not stained with CD8 which indicates that the specificity of CDS
15 secured. Thig indicates not only the potential enhancement of immune checkpoint
infubitors but also the possibility of enhancing the effects of other mumunotherapy such as
Chimeric antigen receptor {CAR}-T cell therapy.

In this study, female C37TBL/GT mice {6 weeks old, female, n = 4/group} were
purchased from Kyudo (Saga, Japan) and mantained under a 12-howr ight/12-hour dark
cvele with free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Lid.

Tokvo, Japan). Mice were implanted with mouse breast cancer cell line EO771 (250,000
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cells/mouse, subcutaneous implantation to left mammary gland). From 4th day after
implantation, mice were treated with a bolus dose of 0.3 mg/kg VEA-ACNP {described in
Example 1) in buffer {methionine 100 mM (Tokyoe Chemical Industry Co., Lid., Tokyo,
Japan); sucrose 100 mM (Tokyo Chemical Industry Co., Lid.); histidine 50 mM (Tokyo
Chenmucal Industry Co., Lid.); in HoO (Otsuka Pharmaceutical, Tokushima, Japan)) or
buffer (for control group) (subcutaneous imjection under isoflurane anesthesia, 5
times/week). At 2 weeks, mice were sacrificed, and tumor tissues were harvested and
frozen. Frozen sections of twuor samples were prepared. CD8 and cellular nucleus 1o
tumor samples were inununochistochemically stained and detected with a fluorescence
microscope {BZ-X700, Keyence, Tokve, Japan). Referring to FIGURE 3A, the numbers
of CD8-positive cells per fields were counted; ervor bars are SEM. FIGURE 3B shows the
fluorescence images of CD® and DAPL Magnification was low field power x4 for all the
images. Statistical analysis was performed by Student t- tests by using GraphPad Prism

6.0 (n=4), *P <0.05,

Example 4; VLA-dCNP increased activated T cell in breast tumor indicating that VLA-

JUNP {acilitated entry and/or activaiion of tumor killing cells and/or suppression of

nunune checkpoint inhibition against tumor

FIGURE 44 1s a bar graph showing the amount of CD8 cells in a control mouse
group and a group treated with VLA-dUNP {described in Example 1}, FIGURE 4B is a bar
graph showing the amount of activated CDR cells in a control mouse group and a group
treated with VLA-dUNP, and FIGURE 4 is a bar graph showing the amount of activated
NK celis in a control mouse group and a group treated with VLA-dCNP. Referring to
FIGURES 4A-4B, cvtotoxaic T cells cluster of differentiation 3 posutive/cluster of
differentiation 8 positive (CD3+/CD8+), the center of tumor immunity, showed an
mcreasing trend. In addition, activated cyiotoxic T cells (CD3+/CD8+/Interferon gamma
positive (IFNG+)) were significantly elevated. This indicates that VLA~dCNP mcreased
the number of T cells and induced their activation. Similarly, referring to FIGURE 4C, it
was shown that the proportion of activated natural killer cells (NK cells) (NK1.1), which
18 tmportant o tursor Iowounity, was increased. NK cells do vot need their target celis to
have MHC Class | for target cell antigen to be recogunized for destruction/killing (T celi

cannot kill cells because MHC Class | is required in tumor cells for antigen recognition and

04
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killing). From these, it is believed that VLA-dCNP induced activation of NK cells as well
as CD38 positive T cells means that there 15 only a small blind spot in its immune enhancing
effect. Without wishing to be bound be theory, it is believed that CDg+ cells in mammary
glands is about $.2%-2.8% (the healthy animal value was 2.0 (0.2; SEM ranging from 1.6-
2.6%), CD8+/IFNg+ in mammary glands is about 3-4% (the healthy animal value was 4.1
{0.14; SEM)}), and activated NK in mammary glands 15 0.01-0.05%.

Female C57BL/6J mice (6 weeks old, female, n=4/group) were purchased from
Kyudo {Saga, Japan) and maintamed under a 12-hour light/12-hour dark cycle with free
access to water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokyo, Japan).
Mice were implanted with mouse breast cancer cell ine E0771 (ATCC, Old Town
Manassas, VA} (250,000 celis/mouse, subcutaneous implantation to lefl manmmary gland).
From 4th day after implantation, nmice were treated with a bolus dose of .3 mg/Kg VLA-
dUNP {described in Example 1) in buffer (methionine 100 mM {Tokyo Chemical Industry
Co., Lid., Tokvo, Japan); sucrose 100 mM (Tokyo Chemical Industry Co., Ltd.); histidine
S0 mM (Tokyo Chemical Industry Co.. Lid ), 1n HO (Otsuka Pharmaceutical, Tokushima,
Japan)) or buffer alone as control (subcutaneous injection under isoflurane anesthesia, S
fimes/week), At 2 weeks, mice were sacnificed and tumor tissues wers harvested and
obtained single cells by using BD Horizon™ Dt Tissue & Tumor Dissociation Reagent
{BD, Franklin Lakes NJ). Cells were stained by each antibody set and analyzed by flow
cytometer {Verse, B, Franklin Lakes, NJ), ervor bars are SEM.  After measuning all
particles (around 10,000} using a flow cvtometer based on particle size (FSC) and structural
disorder (8SC) to gate a population are cells, this population was set (o 100, Then, CDS8
{CD3+ and CD8+), Activated CD8 (CD3+, CD8+, and IFNg+), and Activated NK
{(NK1.1+ {CD161) and Perforint+} were measured and calculated out the total population
and converted io percentage. In this Example, NK1.1 is a marker for Natoral Killer cells,
and Perforin is a protein that activates NK cells and kills target cells. When the two are
considered together, the cells can be counted as activated NK cells. Perforin alone does
not tell tf i1 is an NK cell. Statistical analysis was performed by Mann Whitney test by

using GraphPad Prism *P < 0.05; two-taded; ** P=0.12; two-tailed.

~08.
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Example S; VLA-dCNP eradicated regulatory T cell in breast cancer/tumor allowing the

wrnune system to suppress tumor growih,

it is known that there are many regulatory T cells (Treg; cluster of differentiation 4
positive {CD4+)cluster of differentiation 25 positive {CD25+)/forkhead box P3
{FOXP3+)) in cancers/tumors that suppress turoor immunily. Since Tregs are suppressed
by VLA-dCNP, referring to FIGURES 5A and 5B, it was found that VLA-dCNP also
showed a partial suppression of T-cell immumoglobulin and mucin-domain containing-3
{TIM-3), which 13 an index of T cell exhaustion {a state in which inmunity is decreased).
Thus indicated that VLA-dCNP not only enhances immune checkpoint inhibitors but may
enhance the effects of other immunotherapy such as chimeric antigen receptor T-cell
{CAR-T) therapy, since these cells are exogenously grown and adnunistered and are likely
more susceptible to exhaustion. In addition, VLA-dCNP alone has the potential to be used
as immunotherapy. Without wishing to be bound be theory, it is believed that Treg in
mammary glands s about 3%-4.3%, and Tim3 in mammary glands s about 290-350
fluorescence Intensity.

Female CS7TBL/6Y mice (6 weeks old, female, n=4/group} were purchased from
Kyudo {Saga, Japan} and maintained under a 12-hour light/12-hour dark cvcle with free
access to water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokyo, Japan).
Mice were implanted with mouse breast cancer cell line EG771 (ATCC, Old Town
Manassas, VA) (250,000 celis/roouse, subcutaneous iroplantation to left maromary gland).
From 4th day after implantation, mice were {reated with 0.3 mg/Kg VLA-ACNP {described
in Example 1) in buffer (methionine 100 mM (Tokyo Chemical Industry Co., Ltd., Tokyvo,
Japan); sucrose 100 mM (Tokvo Chemical Industry Co., Ltd); ustidine 50 mM (Tokyo
Chemical Industry Co., Lid.): in H2O (Otsuka Pharmaceutical, Tokushima, Japan)) or
buffer alone as control {subcutaneous injection under isofhurane anesthesia, 5 times/week).
At 2 weeks, nuce were sacrificed, and tumor tissues were harvested and single cells were
obtained by using BD Horizon™ Dt Tissue & Tumor Dissociation Reagent (BD, Franklin
Lakes NJ). Cells were stained by each antibody set and analyzed by low cyvtometer (Verse,
B, Frankiin Lakes, NJ); error bars are SEM. After measuring all particles (around 10,060)
using a flow cytometer by based on particle size (FSC) and structural disorder {S8C} to

gate a population that seems to be cells. This population is set to 100, Then, Regulatory T

=86
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cell {(Treg) (CD4+, CD25+, and Foxp3+; these are Treg marker molecules} were measured
and calcudated out the total population and converied to percentage. In healthy muring
mammary gland, it is estimated about 2.53%. For Tim3, the value of Tim3 in the Cytotoxic
T cell (CTL}, CD3+ CDE+ population is shown by fluorescence intensity. In healthy
rourine manunary gland, it is estimated over 600 fluorescence intensity (TBD). Statistical
analysis was performed by Mann Whitney test by using GraphPad Prsm *£ < 0.05; two-
tailed; ** P=0.24; two-tailed.

Exanwle 6 The Effect of VLA-dCNP on bone tumor volume growth with or without

cluster of differentiation 8 {CD&) depletion showed that anti-tumor action of VLA-dCNP

is directly related 1o CD8 activation since neutralization of CD& resulted in loss of anti-

tumor action of VEA-JCNE (FIGURE 6.

For this study, male Balb/c 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., Lid. Tokyo, Japan). Mice (n=11,
10, and 10} were implanted with mouse osteosarcoma cell K7M2 (ATCC, Old Town
Manassas, VA} (50,000 cells/mouse, subcutaneous implantation to righi-side back}). From
4% day after implantation, mice were treated with a bolus dose of 0.3 mg/Kg VLA-dCNP
{described in Exarmaple 1} in butfer {methiomine 100 mM (Tokyo Chemical Industry Co.,
14d., Tokvo, Japan); sucrose 180 mM (Tokvo Chemical Industry Co., Lid,, Tokvo, Japan};
histidine 50 mM (Tokvo Chemical Industry Co., Ltd., Tokyo, Japan) in H2O (Otsuka
Pharmaceutical, Tokushima, Japan)) or buffer (for control group) 5 times a week via
subcutansous injection under isoflurane anesthesia.  Mice of anti-CD8 group were
miraperitoneally administered a bolus dose of 5 mg/Kg anti-CD8 antibody (YTS169.4
BioXcell; West Lebanon, NH) twice a week. Tumor size were measured with a caliper.
Statistical analysis was performed by Student t-tests by using GraphPad Prism *P < 0.05
vs. Control group (7 =10) and vs. VLA-ACNP + Antt-CD8 group (n =10); error bars are
SEM.

Referring to FIGURE 6, the anti-tumor action of VLA-dCNP 1s directly related to
CD8 activation because neutralization of CDR resulted in loss of anti~tumor action of VLA-

dUNP.
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Example 7. VLEA-dONP suppressed the size of erowth of bone cancer in subcutaneous

inplantation model 1n mouse,

In this study, Male Balb/c muce (6 week} were purchased from Kyudo (Saga. Japan)
and matntained under a 12-hour light/12-hour dark cycle with free access to water and
standard mouse diet {MF diet; Oriental Yeast Co., Lid. Tokvo, Japan). Mice {(n= 17/group)
were implanted with mouse osteosarcoma cell K7M2 (ATCC, Old Town Manassas, VA)
{50,000 cells/mouse, subcutaneous implantation to right-side back). From 4th day after
implantation, muce were treated with a bolus dose of 0.3 mg/Kg VLA-JCNP {described in
Example 1} in buffer {methionine 100 mM (Tokye Chenucal Industry Co., Lid., Tokyo,
Japan); sucrose 100 mM (Tokyo Chemical Industry Co., Lid.); histidine 50 mM (Tokyo
Chemical Industry Co., Ltd}; in HyO (Otsuka Pharmaceutical, Tokushima, Japan)) or
buffer alone as control {subcutaneous injection under isoflurane anesthesia, 5 times/week).
Statistical analysis was performed by Student t-tests by using GraphPad Prism *F < 0.01
vs, Control group (n =17}, error bars are SEM.

Referring to FIGURE 7, VLA-ACNP suppressed the size of growth of bone cancer
in subcutaneous implantation model in mouse.

Example 8A; The effect of VLA-ACNE on bone tumor volume growth

Referring to FIGURE BA, the effect of VLA-dCNP on bone tumor volume growth
with or without cluster of differentiation 8 (CD8) depletion n orthotopic mplantation
{fernur) model in mice showed that anti-tumor action of VLA-ACNP is directly related to
CD8 activation since neutralization of CD8 resulted in loss of anti~tumor action of VLA-
dCNP. VLA-dCNP is shown {o be an immune stimulator of cytotoxic T-cell, resulting in
reduction of bone tumor volume growth.

In this study, Male CH3He mice {5 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; Onental Yeast Co., Lid. Tokvo, Japan). Mice (n =8, %,
6. 6) were implanted with mouse osteosarcoma cell LME (RCB, Tsukuba, Japan} (1000,000
cells/mouse, orthotopic implantation to Fermur bone). From 4% day after implantation, mice
were treated with a bolus dose of 0.3 jug/kg VEA-JdCNF {described in Exarmple 1) in bufter
{Methionine 100 mM (Tokyo Chemical Industry Co., Lid., Tokyo, Japan); Sucrose 100
mM {Tokve Chemical Industry Co., Ltd.}; Histidine S0 mM (Tokyo Chemical Industry

08
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Co., Ltd.); m H20 {Otsuka Pharmaceutical, Tokushima, Japan)) or buffer (for control
group) (subcutancous imjection under 1soflurane anesthesta, 5 times/week). Mice of anii-
CD8 group/ anti-CD8 + VEA-dCNP group were infraperitoneally administrated 5 mg/'kg
anti-C D8 antibody (YTS 169.4 BioX cell; West Lebanon, NH) twice a week from 4 davs
before implantation. Tumor sizes were measured with caliper at 15 day. Statistical analvsis
was performed by Student t-test by using GraphPad Prism *<0.01 VLA-dCNP (n=8) vs.
Control group (=8}, anti-CD8 (0=6}, or anti-CD8 + VLA-ACNP (n=6}; error bars are
SEM.

Example 8B: The effect of VLA-JCNP on activation of immunitv in bone cancer

subcutaneous implantation mouse model.

Transforming growth factor beta 1 (TGF-betal) is a cytokine involved in
immunosuppression. Forkhead box P3 (Foxp3) is a marker of regulatory T cells involved
in suppression of tumor immunity, and Bv8 (Prokineticin proteins) is a factor secreted by
Myeloid-derived suppressor cells (MDSCs) mvolved in immunosuppression (Neoplasia
2014, 16 501-519). Referring to FIGURES 8B-8D, the expression of all three markers are
fow suggesied there are few cells that suppress immunity. Therefore, it can be interpreted
that the tumor growth was suppressed by the adnunistration of VLA-dCNP because the
immune system was relatively activated. In this study, small intestine was used. Many
mice in the VLA-dCNP administered group had tumors that completely disappeared. The
corobination of VLA-dCNP/PD-1 caused roost of the tumors to disappear, so no sample
was available to measure. Therefore, immune parameters were alternatively evaluated in
the infestinal tract, which is the center of immunity. Without wishing to be bound be
theory, it 15 believed that TGF-beta 1 1n intestine 15 about 8.5%-9.7%, Foxp3 in infestine 18
about 79%-13%, and Bv8 in 8%6-48%.

In this study, male Balb/c mice (6 week)} were purchased from Kyudo (Saga, Tapan)
and mamtained under a 12-hour light/12-hour dark cycle with free access to water and
standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokye, Japan). Mice (n=17/group)
were implanted with mouse osteosarcoma cell K7M2Z (ATCC, Old Town Manassas, VA}
{50,000 cells/mouse, subcutaneous 1mplantation to right-side back). From 4th day after
implantation, mice were treated with a bolus dose of 0.3 mg/Kg VLA-dCNP {described in

Example 1) in buffer (methionine 100 mM (Tokyo Chemical Industsy Co., Lid., Tokyo,
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Japan); sucrose 100 mM (Tokyvo Chemical Industey Co., Ltd }; histidine 50 mM {Tokvo
Chersical Industry Co, Lid); in HoO (Otsuka Pharmaceutical, Tokushima, Japan)} or
buffer alone as control (subcutaneous injection under isoflurane anesthesia, 5 imes/week).
At 4 weeks, mice were sacrificed and small intestine were harvested and minced in Tri-
reagent (Molecular Research Center, Inc. Cincinnati, OH} and kept at -80 *C until analysis.
Total RNA was extracted from harvested lung tissue by the chioroform-phencl method.
Complementary DNA (¢DNA} was synthesized from extracted mRNA with ¢DNA kit
{Qragen, Hilden Germany). Quantuiative RT-PCR analysis was performed by prenux kit
{Takara bio, Shiga Japan). Expression levels of target genes in synthesized ¢cDNA were
measured by real-time RT-PCR method. Actl gene was used as an internal standard. It
was calculated using internal standard; the expression measurement (sample)/b-actin
expression measurement = individual expression amount. Then, normalized the Control
group to be 100% and individual group to be calculated against the Control group.
Statistical analysis was performed by Student t-tests by using GraphPad Prism *P < 0.01
vs. Control group {(n =17); error bars are SEM.

Example 9. VLA-ACNP normadized breast cancer tumor vascular structure

Cluster of differentiation 31 {CD31) is a marker for vascular endothelium and alpha
smooth muscle actin (alpha-SMA} i1s a marker for pericytes. In normal blood vessels,
pericytes are located near the blood vessels, so the presence of pericytes can be used to
evaluate the existence of normal blood vessels. Referring to FIGURE 9A, because the
overlapping areas of each fluorescence increased in the VLA-dUNP adnunistration group,
this indicates that blood vessels with sufficient function (healthy) were formed. In theory,
normal healthy vascular structure will have 100% pernicyte-coating index.

Female C57BL/6J mice (6 weeks old, female, n=d4/group) were purchased from
Kyudo {Saga, Japan) and maintained under a 12-howr hight/12-howr dark cycle with free
access to water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokyo, Japan).
Mice were mmplanted with mouse breast cancer cell line E0771 {(ATCC, Old Town
Manassas, VA} (250,000 celis/mouse, subculaneous implantation to left mammary gland).
From 4th day after implantation, nuce were treated with a bolus dose of 0.3 jug/Kg VLA-
dUNP {described in Exarmple 1} in buffer (methionine 100 mM (Tokyo Chemical Industry

Co., Lid., Tokvo, Japan); sucrose 100 mM (Tokyo Chemical Industry Co., Lid ) histidine
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30 mM (Tokyo Chemical Industty Co., Lid.}; in H20 (Otsuka Pharmaceutical, Tokushima,
Japan)) or buffer alone as control (subcutancous injection under isoflurane anesthesia, 5
times/week). At 2 weeks, mice were sacrificed and tumor tissues were harvested and
frozen. Frozen section of tumor samples were prepared. CD31 and alpha-SMA in tumor
samples were unmunchistochemically stained by using each antibody {Cell Signaling
Technology, Danvers MA) and detected with fluorescence mucroscope (BZ-X700,
Keyence, Tokvo Japan).

FIGURE 9A shows the fluorescence microscope images of red CD31 and green
alpha-SMA. Magnification was low field power x20 for all the images. FIGURE 98 shows
the % index of pericyte-coating; error bars are SEM. In theory, normal healthy vascular
structure will have 100% pericvie-coating index. The pericvie-coating index was
calculated using alpha-SMA as an index, (CD31+ alpha-SMA+YCD31+  Statistical
analysis was performed by Student t-tests by using GraphPad Prism *F < (.05 vs. Control

group (1 =4).

Example 10; VLA-dCNP normalized tumor vascular structure

Cluster of differentiation 31 (CD31} is a vascular endothelial marker that indicates
the presence of blood vessels. The lechin indicates whether blood is actually flowing
through the blood vessels (1o exclude many non-functioning blood vessels that are present
in the tumor tissue}. In other word, using these two stains, the number of functional blood
vessels can be determuned.  As shown on the previous example, adnunistration of VL A-
dCNP increased the number of functional blood vessels. The present Example confirms
that blood passes through these blood vessels.

Female CS7BL/GY mice (6 weeks old, fernale, n=3/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; Oriental Yeast Co., Ltd. Tokvo, Japan).
Mice were implanted with mouse breast cancer cell line EG771 (ATCC, Old Town
Manassas, YV A) {250,000 celis/mouse, subcutaneous implantation to left mammary gland).
From 4th day after implantation, mice were treated with a bolus dose of 0.3 mg/Kg VLA-
dCNP (described in Example 1) o buffer (Methionine 100 ;M (Tokyo Cheroical Industry
Co., Ltd., Tokyo, Japan); Sucrose 100 mM {Tokyo Chemical Industry Co., Ltd.}; Histidine

50 mM (Tokyo Chemical Industry Co., Ltd. ), in HoO (Otsuka Pharmaceutical | Tokushima,
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Japan}) or buffer alone as control (subcitansous injection under isoflurane anesthesia, 5
times/week). At 2 weeks, mice were intravencusly injected 50 ug/mouse fluorescence-
labeled tomato-lectin (FL-1171, VECTOR Laboratories. Inc., Burlingame, CA). After 5
minutes from the lectin injection, mice were sacrificed and tumor tissues were harvested
and frozen. CD31 i tumor samples were ininunchistochernically stained. Stained CD31
and lectin were detected with fluorescence microscope (BZ-X700, Kevence, Tokyo Japan).

FIGURE 10A shows the fluorescence microscope images of red CD31 and green
lectin. Magnification was low field power x20 for all the images. FIGURE 10B shows the
count of CD31 and lectin structure per field; error bars are SEM. Normual vascular structure
shows higher structure number per field. Statistical analvsis was performed by Student -

tests by using GraphPad Prism ¥F <0.05 vs. Control group (n =3},

Example 11 VLA-dCNP reduced hvpoxia condition in fumor

Because pimonidazole binds to the thiol group (-SH} of hypoxic proteins, it was
used as a marker to determine the oxygen status in tissues. Referring to FIGURE 1A,
hypoxic regions were visualized by staining pimonidarole admirnistered before dissection
with an antibody. Since this fluorescence was reduced by administration of VLA-dCNP,
it was found that the hypoxic condition was resolved. In addition to the results, it is
understood that blood vessels are formed and oxvgen 15 sufficiently transported. Because
the hypoxic region is involved in tumor malignancy, anticancer drug resistance, and
suppression of tumor immwuoity, i is believed based that VL A-JdCNF can reduce these
effects.

Female CSTBL/GT mice {6 weeks old, female, n=4/group) were purchased from
Kyudo (Saga, Japan) and maintained under a 12-hour light/12-hour dark cvcle with free
access to water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokyo, Japan).
Mice were implanted with mouse breast cancer cell line EO771 (ATCC, Gld Town
Manassas, VA) (250,000 celis/mouse, subcutaneous iroplantation to left maromary gland).
From 4th dav after implantation, mice were treated with a bolus dose of 0.3 mg/Kg VLA-
ACNP (described in Example 1} in buffer {methionine 100 mM (Tokyo Chemical Industry
Co., Ltd., Tokvo, Japan); sucrose 100 mM {(Tokyo Chemical Industry Co,, Ltd.); istidine
50 mM (Tokyo Chenucal Industty Co, Ltd.}; in H2O (Utsuka Pharmaceutical, Tokushima,

Japan}) or buffer alone as control (subcutaneous injection under isoflurane anesthesia, 5
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times/week). At 2 weeks, mice were intravenously injected 150 ug/mouse pimonidazole
{Hypoxyprobe™-1, Hypoxyprove, Toc., Burlington, Massachusetts). After 30 minutes
from the pimonidarole injection, mice were sacrificed and tumor tissues were harvested
and frozen. Frozen section of tumor samples were prepared. Pimonidazole in tumor
samnples were immunohistochemically stained as followed by manuflacture's protocol.
Stained pimonidazole were detected with a fluorescence microscope (BZ-X700, Kevence,
Tokyo Japan).

FIGURE 11A shows the fluorescence mucroscope umages of red pimonidazole.
Magnification was low field power x20 for all the images. FIGURE 11B shows the
percentage of relative intensity of red pimonidarole; error bars are SEM. In theory, the
healthy tissue will have no hvpoxia therefore, the relative intensity will be 0%. Statistical
analysis was performed by Student t-tests by using GraphPad Prism *P < 0.03 vs. Control

group (1 =4).

Example 12: VLA-dCNP and anti-mouse eviotoxic T-lvmphogevte-associated protemn 4

{CTLA-4) antibody combination therapy suppressed growth of colon cancer in

subcutaneous implantation model in mouse

Referring to FIGURE 12, the colon tumor size at various days after exposure {o
various therapeutic agents is shown. VLA-dCNP and anti-mouse cytotoxic T-fymphocyte-
associated protein 4 {CTLA-4) antibody combination therapy greatly suppressed growth of
colon cancer.

In this study, male CS7BL/6) mice (6 weeks old, male, n=9-10/group) were
purchased from Kyudo (Saga, Japan) and maintained wnder a 12-hour light/12-hour dark
cvele with free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Lt
Tokyo, Japan). Mice were implanted with M{38 mouse colon carcinoma cell (I = 106
cells/mouse} (Donation) in the subcutaneous and treated with a bolas dose of the following:
very long acting CNP denvative or VLA-dCNP (described in Example 1) (0.3 mg/kg s.c)
with anti-CTLA-4 Ab (BioX cell, clone 9H10; West Lebanon, NH) or with Isotype control
Ab (BioX cell, BEOO37, West Lebanon, NH), native C-ty pe natriuretic peptide or CNP (0.3
rog/kg s.¢) with anti-CTLA-4 Ab or with Isotvpe control Ab, CNP derivative ot dCNP
{described in Example 1} (0.3 mg/ke s.c} with anti-CTLA-4 Ab or with Isotype control

Ab, B-Tvpe natriuretic peptide or BNP (0.3 mg/kg s.c) with anti-CTLA-4 Ab or with
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Isotype control Ab starting from 8th Day. Buffer control with Isotype control Ab and buffer
with anti-CTLA-4 Ab were included. Mice were treated with 2.5 mg/kg anti-CTLA-4 Ab
or Isotype control Ab viaip. once a week. Tumor sizes were measured with caliper. The
resulis showed that individual treatment (without anti-mouse CTLA-4 antibody or anti-
mouse CTLA-4 antibody alone) is less effective than the combined treatment (with anti-
mouse CTLA-4 antibody) for tumor volume reduction. Statistical analysis was performed
by Student t-tests by using GraphPad Prism *P < 0.01 vs. Control group {n =10}; 1 P<0.05

vs. Control group (n =10},

Example 13; VLA-dCNP and anti-mouse {cviotoxaic T-lvmphocovte-associated protein 4)

CTLA-4 antibody combination therapy suppressed the erowth of colon cancer after

developed tumor using control eroup from Example 12 in subcutaneous inplantation

model in mouse,

Referring to FIGURE 13 A, the colon tumor size as a function of various therapeutic
agents 1s shown as a graph. A corresponding table of fumor size at various days afier
exposure to various therapeutic agents is shown in FIGURE 13B. VLA-dCNP and anti-
mouse {ovtotoxic T-lymphocyie-associated protein 4} CTLA-4 antibody combination
therapy greatly suppressed the growth of colon cancer. A synergistic effect can be
observed.

In this study, male CS7TBL/6J mice (6 weeks old, male, n=5-7/group} were
purchased from Kyudo (Saga, Japan) and mamtained under a 12-hour hght/12-hour dark
cyele with free access to water and standard mouse diet {MF diet; Oriental Yeast Co., Lt
Tokvo, Japan). Mice were implanted with MC38 mouse colon carcinoma cell (1 x 10°
celis/mouse) (Donation) in the subcutaneous, After 22™ day, control group were divided
into three groups. From 22™ day, mice were treated with a bolus dose of the following:
very long acting CNP derivative or VLA-JCNP (described in Example 1) (0.3 mg/kg s.c)
with anti-CTLA-4 Ab (BioX cell, clone 9HIO, West Lebanon, NH), native C-lype
natriuretic peptide or CNP (0.3 mg/kg s.¢.) with anti-CTLA-4 Ab, ONP denivative or JCNP
{described in Example 1} (0.3 mg/kg s.¢.) with anti~-CTLA-4 Ab. Buffer control with anti-
CTLA-4 Ab was ncluded. Mice were treated with 2.5 wg/kg anti-CTLA-4 Ab via 1p.
twice a week. Tumor sizes were measured with caliper. Statistical analysis was performed

by Student's t test by using GraphPad Prism 6.0 (n =5). *P < 0.01 (n=5-7}
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Exanple 14: VEA-dCNP and anti-mouse Programmed cell death protei

antibody combination therapy suppressed growth (volume) of colon cancer in

subcutancous implantation model in mouse.

Referring to FIGURE 14, the colon tumor size at various days after exposure {0
various therapeutic agents is shown. VLA-dCNP and anti-roouse Programomed cell death
protein 1 {(PD-1) antibody combination therapy greatly suppressed growth (volume) of
colon cancer. A synergistic effect can be observed.

I thas study, male C57BL/6J moice (6 weeks old, male, n=10/group) were purchased
from Kvudo {(Saga, Japan} and maimtained under a 12-hour light/12-hour dark cycle with
free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Lt Tokvo,
Japan). Mice were implanted with MC38 mouse colon carcinorna cell (1 x 10° cells/mouse)
{Donation) in the subcutaneous and treated with a bolus dose of the following: very long
acting CNP derivative or VLA-dUNP {described in Example 1) (0.3 mg/kg s.c.} with anti-
PD-1 Ab (BioX cell, clone J43; West Lebanon, NH) or with Isotype control Ab (BioX cell,
BEOO91; West Lebanon, NH). native C-tvpe natriuretic peptide or NP (0.3 myg/kg s.¢}
with anti-PD-1 Ab or with Isotype control Ab, NP derivative or dCNP {(described in
Example 1) (0.3 mg/kg s.c) with anti-PD-1 Ab or with Isotype control Ab, B-Type
natriuretic peptide or BNP (0.3 mp/kg s.c.} with anti-PD-1 Ab or with Isotype control Ab
starting from 8% Day. Buffer control with Isotvpe control Ab and buffer with anti-PD-1
Ab were ncluded. Mice were treated with 5 mg/kg anti-PD-1 Ab or Isotype control Ab
via 1.p. once a week. Tumor sizes were measured with caliper. The results showed that
individual treatment (without anti~mouse PD-1 antibody) is less effective than the
combined treatment {with anti-mouse PD-1 antibody) for tumor volume reduction.
Example group see between VLA-dCNP group against VLA-dCNP + PD-1 group and
dCNP group against dONP + PD-1 group. Statistical analysis was performed by Student t-
tests by using GraphPad Prism *P < 0.05 vs. PD-1 control group (n =10}, 1 P<0.05 vs.

Control group {(n =10).
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Example 15 VLA-JCNP and anti-cviotoxic T-lvmphocvie-associated protein 4 (CTLA-

43 antibody combination therapy suppressed the erowth of skin cancer in orthotopic

transplantation model in nuge

Referring to FIGURE 15, the skin tumor size at various days after exposure {o
various therapeutic agents 1s shown VLA-dCNP and anti-cviotoxic T-lvmphocvie-
associated protein 4 (CTLA-4) antibody combination therapy greatly suppressed the
growth of skin cancer.

In this study, male CSTBL/6) mice (6 weeks old, roale, v=8-10/group) were
purchased from Kyudo (Saga, Japan} and maintained under a 12-hour hight/12-hour dark
cyele with free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Lt
Tokvo, Japarny. Mice were implanted with B16 melanoma cancer cells (25,600
cells/mouse) (ATCC Manassas, MA) in the subcutaneous and treated with a bolus dose of
the following: very long acting NP dertvative or VLA-dCNP {described in Example 1)
(0.3 mg/kg s.c.) with anti-CTLA~4 Ab (BioX cell, 9HI0; West Lebanon, NH) or with
{sotvpe control Ab (BioX cell, BEOU&7; West Lebanon, NH), native C-type natriuretic
peptide or CNP (0.3 mg/kg s.c.} with anti-CTLA-4 Ab or with Isotype control Ab, CNP
derivative or dCNP {described in Example 1) (0.3 mg/kg s.c) with anti-CTLA-4 Ab or
with Isotype control Ab, B-Type natriuretic peptide or BNP (0.3 mg/kg s.c.} with anti-
{CTLA-4 Ab or with Isotype control Ab starting from 7th Day. Buffer control with Isotype
control Ab and buffer with anti-CTLA-4 Ab were included. Mice were treated with 10
mg'kg anti-CTLA-4 Ab or Isotype comirol Ab via 1p. once a week. Tumor sizes were
measured with caliper. Statistical analysis was performed by Student t-tests by using

GraphPad Prisma *P <0.05 vs. CTLA-4 group (n=¥ or 10},

Example 16 VLA-dCNP or JUNP and anti-mouse Progranuned cell death protein 1 {(PD-

1) antibody therany suppressed growth of breast cancer in ortholopic fransplantation

model in nuce.
Referring to FIGURE 16, the breast tumor size at various days after exposure to
various therapeutic agents is shown., VLA-dCNP or dCNP and anti~-mouse Programmed
cell death protemn 1 {(PD-1) antibody therapy greatly suppressed growth of breast cancer.

A synergistic effect can be observed.
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In this study, female CS7BL/6] mice (6 weeks old, female, n=7 or 10/group) were
purchased from Kyudo (Saga, Japan) and mamtained onder a 12-howr hight/12-hour dark
cyele with free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Lt
Tokyo, Japan). Mice were implanted with EG771 breast cancer cells (250,000 cells/mouse}
{Cosmo Bio Tokyo, Japan) in the left mammary gland. From the 4™ day, mice were treated
with a bolus dose of the following: very long acting CNP derivative or VLA-dCNP
{described in Example 1} (0.3 mg/ke s.¢.) with anti-PD-1 Ab (BioX cell; clons RMP1-14,
West Lebanon, NH) or with Isotype conirol Ab (BioX cell, BEOOSY; West Lebanon, NH),
native {-ty pe natriuretic peptide or CNP (0.3 mg/kg s5.¢.) with anti-PD-1 Ab or with Isotype
control Ab, UNP derivative or dCNP (described in Example 1) {0.3 mg/ke s.¢.) with anti-
PD-1 Ab or with Isolype conirol Ab, B-Type natriuretic peplide or BNP (0.3 mglkg sc)
with anti-PD-1 Ab or with Isotype conirol Ab, anti-Tumor necrosis factor alpha antibody
or TNFa ab (BioXcel], clone XT3.11; West Lebanon, NH) (0.3 mg/kg s.¢.} with anti-PD-1
Ab or with Isotype control Ab, and ¢GMP degradation inkubitor or PDES wnhibttor called
Vardenaftl (VDN, Cayman Chemicals Ann Arbor, M1} (0.3 mg/kg s.c.} with anti-PD-1 Ab
or with Isotype control Ab starting from 4% Day. Buffer control with Isotype control Ab
and buffer with anti-PD-1 Ab were included. Mice were treated with 5 mg/kg anti-PD31
Ab or Isotype control Ab via 1.p. twice a week. Tumor sizes were measured with caliper.
The results showed that individual treatment (without anti-mouse PD-1 antibody or anti-
mouse PD-1 antibody alone} is less effective than the combined treatment (with anti-mouse
PD-1 antibody) for tumor volume reduction. Example group see between VLA-JCNP
group against VLA-GCNP + PD-1 group and dCNP group against JONP + PD-1. Statistical
analysis was performed by Student t-teste by using GraphPad Prism *P < .01 vs. PD-1
control group (n =7 or 10); 1 £<0.05 vs. Control group (n =7 or 10}

Example 17 VLA-dCNP with anti-mouse PD3-1 {(Programmed cell death

antibody_ combination therapy suppressed the srowth (volume} of breasi cancer orthotopic

transplantation model 1n mice showing dose response manner,

Referring to FIGURE 17, the breast tumor size at various days after exposure (o
various therapeutic agents 1s shown. VEA~-ACNP with anti-mouse PD-1 {progravyued cell
death protein 1} antibody combination therapy greatly suppressed the growth {(volume} of

breast cancer. A synergistic effect could be observed.
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In this study, female C57BL/6J mice {6 weeks old, female, n=7-9) were purchased
from Kyudo (Saga, Japan) and maintaimed under a 12-hour light/12-hour dark cycle with
free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokyo
Japan). Mice were implanted with EQ771 breast cancer cells (250,000 cells/mouse}
{Cosmo Bio Tokyo, Japan) in the left mammary gland. From the 4™ day, mice were treated
with a bolus dose of very long acting CNP derivative or VLA-dUNP (described in Exanple
D (L: ¢ 1 mg/ke s, M 0.3 mg/kg s.c., H: 1.0 mg/kg s.c.} in buffer (methionine 100 mM
{Tokvo Chemucal Industry Co., Litd,, Tokyo, Japan); sucrose 100 oM (Tokyo Chemical
Industry Co., Lid.); histidine 50 mM (Toky o Chemical Induostry Co., Ltd. ), 1n Hy 0 (Otsuka
Pharmaceutical, Tokushima, Japan}) or buffer {for control group) {subcutanecus injection
under 1soflurane anesthesia, 5 times/week). Mice of anti-PD1 Ab treated groups were
mtraperitoneally administrated with a bolus dose of 5 mg/kg anti-PDI Ab (BioX cell,
RMP1-14; West Lebanon, NH) twice a week. The other groups were treated with a bolus
dose of 1sotype condrol Ab (BioX cell, BEOUEY; West Lebanon, NH). Tumor sizes were
measured with caliper. Referring to FIGURE 17B, bold font at Day 14 shows VLA-JCNP
and anti-PD-1 combination dose response and italicized font at Day 14 shows VLA-dCNP
and isotype control Ab combination dose response. The resulis showed that individual
treatment {without anti-mouse PD-1 antibody or anti-mouse PD-1 antibody alone) s less
effective than the combined treatment {with anti-mouse PD-1 antibody) for tumor volume
reduction. Example group see between VLA-dCNP (L, M, or H} group against VLA-JCNP
(L, M, or H) + PD-1 group.

Example 18 VLA-dCNP and anti-mouse Procrammed death-Hgand | (PD-L 1) antibody

combination therapy suppressed the growth {(volume) of breast cancer in orthotopic

transplantation model in mice.

The adaptive immune system reacts to antigens that are associated with immune
system activation by exogenous or endogenous danger signals. In tum, clonal expansion
of antigen-specific CD8+ T cells and/or CD4+ helper cells is propagated. The binding of
PD-L1 to the inhibitory checkpoint molecule PD-L1 fransmits an inhibttory signal based
on nteraction with phosphatases (SHP-1 or SHP-2) via fromunoreceptor Tyrosine-Based

Switch Motif (ITSM). This reduces the proliferation of antigen-specific T-cells in lymph
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nodes, while simultanecusly reducing apoptosis in regulatory T cells {anti-inflammatory,
suppressive T cells) ~ further mediated by a lower regulation of the gene Bel-2,

Up-regulation of PD-L1 may allow cancers to evade the host immune system. An
analvsis of 196 tumor specimens from patients with renal cell carcinoma found that high
fumor expression of PD-L1 was associated with increased fumor aggressiveness and a 4.5-
fold increased risk of death. Clinically available examples of PD-L1 inhibitors include
durvalumab, atezolizumab and avelumab.

Referring to FIGURE 184, the breast tumor size as a function of various thetapeutic
agents is shown as a graph. A corresponding table of tumor size at various days after
exposwre to various therapeutic agents is shown in FIGURE 18B. VLA-JCNP and anti-
roouse Programmed death-ligand | (PD-L1} antibody combination therapy suppressed the
erowth (volume} of breast cancer. A synergistic effect could be observed.

In this study, female U57BL/6J mice {6 weeks old, female, n=8-9) were purchased
from Kyodo (Saga, Japan) and maintained under a 12-hour hight/12-hour dark cvcle with
free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Lid. Tokyo
Japan). Mice were implanted with E0771 mouse breast cancer cells (250,000 cells/mouse}
{Cosmo Bio, Tokvo Japan) in the left mammary gland. From the 4 day, mice were treated
with a bolus dose of 0.3 mg/kg very long acting CNP derivative or VLA-dCNP (described
in Example 1) in boffer (Methionine 100 mM (Tokyo Chemucal Industry Co., Ltd., Tokyo,
Japan); Sucrose 100 oM (Tokyo Chernical fndustty Co., Lid.); Histidine 50 mM (Tokyo
Chemical Industry Co,, Ltd.}; in HyO (Otsuka Pharmaceutical, Tokushima, Japan)) or
buffer (for control group} (subculancous injection under isoflurane anesthesia, S
fimes/week). Mice of anti-PDL1 Ab treated groups were intrapetitoneally administrated
with a bolus dose of 5 mg/kg anti-PDL1 Ab (BioX cell, 10F.9G2; West Lebanon, NH)
twice a week. The other groups were treated with a bolus dose of isotvpe control Ab (BioX
cell, BEQOSO, West Lebanon, NH}. Tumor sizes were measured with caliper. The results
showed that individual treatment {(without anti-mouse PDL-1 antibody or anti-mouse PDL-
I antibody alone) 1s less effective than the combined treatment (with anti~mouse PD-1
antibody) for tumor volume reduction.  See group between VLA-dCNP group against
VLA-dONP + PD-L1. Statistical analysis was performed by Student t-tests by using
GraphPad Prism *F < 0.01 vs. Control or PD-L1 group (» =8§-9).
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Example 19: VLA-JCNP and anti-PD-1 antibodv combination therapy suppressed the

growth {volume) of breast cancer in orthotopic transplantaiion model in mmce.

In syngeneic mice, EMT-6 cells form tumors and spontaneous metastases, primarily
to the lungs. More recently, EMT-6 has emerged as a valuable pre-clinical model for
immuno-oncology studies of triple negative breast cancer. EMT-6 tumors express PD-L1
and are moderately responsive to imnmunotherapies. Individual checkpoint inhibitors (anti-
CTLA-4 or anti-PD-L 1} generally have modest effect on fumor growth, while combination
therapies exhibit greater success, making EMT6 a beneficial model for combination
therapy studies.

Referring to FIGURE 19A, the breast tumor size as a function of various therapeutic
agenis is shown as a graph. A corresponding table of tumor sive at various days after
exposure to various therapeutic agents is shown in FIGURE 19B. VLA-dCNP and anti-
PDx-1 antibody combination therapy greatly suppressed the growth (volume) of breast
cancer. A synergistic effect could be observed.

In this study. female Balb/c mice (6 weeks old, female, n=7-9} were purchased from
Kyudo (Saga, Japan} and maintained under a 12-hour light/12-hour dark cvcle with free
access {0 water and standard mouse diet {MF diet; Oriental Yeast Co., Ltd. Tokvo, Japan).
Mice were implanted with EMT-6 breast cancer cells (ATCC Manassas, VA) (200,000
cells/mouse, subcutanecus implantation to left mammary grant). At 4% day after
implantation, mace were treated with a bolus dose of 0.1 mg/kg VEA-ACNP {described in
Example 1) in buffer {methionine 100 M (Tokvo Chemical Industry Co., Lid., Tokve,
Japan); sucrose 100 mM (Tokyo Chemical Industry Co., Lid.); histidine 50 mM (Tokyo
Chemical Industry Co., Ltd.}; in HyO (Utsuka Pharmaceutical, Tokushima, Japan)) or
buffer (for control group} (subcutaneous injection under isoflurane anesthesia, 5
fimes/week). Mice of anti-PD1 Ab treated groups were intraperifoneally administraied
with a bolus dose of 5 mg/kg anti-PD1 Ab (BioX cell, RMP1-14; West Lebanon, NH) twice
a week. The other groups were treated with a bolus dose of isotype control Ab (BioX cell,
BEOORY;, West Lebanon, NH). Tumor sizes were measured with caliper. The results
showed that rodividual treatroent (without anti-roouse PD-1 antibody or anti-mouse PD-1
antibody alone) is less effective than the combined treatment (with anti-mouse PD-1

anttbody ) for tumor volume reduction.  See group between VLA-ACNP group against
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VLA-dUNP + PD-1 or anti PD-1 group. Statistical analysis was performed by two-way
ANQOV A and Tukey's post hoc tests by using GraphPad Priem 6.0 ¥F <008,

Example 20: VEA-dCNE and anti-PD-1 antibodv combination therapv suppressed the

srowth of breast cancer and improve the survival in mice

In this study, female Balb/c mice {6 weeks old, femnale, n=7-9) 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; Ortental Yeast Co., Ltd. Tokvo, Japan).
Mice were implanted with EMT-6 breast cancer cells (ATCC Manassas, VA) (200,000
celis/mouse, subcutaneous implantation to left mammary grant). At 4% day after
implantation, mice were treated with a bolus dose of 0.1 mg/kg VEA-dCNP {described in
Example 1) in buffer {methionine 100 mM (Tokyo Chemical Industry Co., Ltd,, Tokyo,
Japan); sucrose 100 mM (Tokvo Chemical Industry Co., Ltd }; tustidine 50 mM (Tokvo
Chemical ndustry Co., Ltd); in H,0 (Otsuka Pharmaceutical, Tokushima, Japan)) or
buffer (for conirol group) (subcutaneous injection under isoflurane anesthesia, 5
times/week). Mice of anti-PD1 Ab treated groups were intraperitoneally administrated
with a bolus dose of 5 mg/kg anti-PD1 Ab (BioX cell, RMP1-14; West Lebanon, NH) twice
aweek. The other groups were treated with a bolus dose of isotype control Ab (BioX cell,
BEOO8Y; West Lebanon, NH). The results showed that individual treatment (without anti-
mouse PD-1 antibody or anti-mouse PD-1 antibody alone} is less effective than the
combined treatment {(with anti-mouse PD-1 antibody) for survival, VLA-JCNP vs VL A-
ACNP + Anu-PD1 ab P<0.05.

Referring to FIGURE 20, VLA-dCNP and anti-PD-1 antibody combination therapy
greatly suppressed the growth of breast cancer and improve the survival in mice. A
synergistic effect could be observed.

Exarople 21 Treatment with Very Lone acting NPREB aconist (VEA-GCNP) alons

improves the survival of mice with Osteosarcoma in the tibial bons during the ternunal

phase of the disease.

FIGURE 21 is a Kaplan-Meter curve showing that VL A-dONP treatment improved
the survival 10 mice with osteosarcoma in the fibial bone.
In this study, male CH3HeN mice (4 weeks old, male, n=8) were purchased from

Kyudo {Saga, Japan) and maintained under a 12-howr light/12-howr dark cycle with free
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access to water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokyo Japan}.
Mice were mmplanted with LM3 mouse osteosarcoma cells (1,000,000 cells/mouse)
(donation, Japan} in the tibial bone (orthotopic implantation) at Day 0. From the 15% day,
the beginning of what is considered the "terminal phase” of the disease, mice were treated
by subcutaneously admanistering a bolus dose of a very long acting CNP denvative or
VLA-dUNP (described m Example 1) in buffer (Methionine 100 mM (Tokyo Chemical
Industry Co., Lid., Tokyo, Japan); sucrose 100 mM (Tokyo Chemical Industty Co., Lid. ),
Histidine S0 mM (Tokvo Chemical Industry Co, Ltd ), in H2O (Otsuka Pharmaceutical,
Tokushima, Japan}) or buffer alone (for control group). The subcutanecus injections were
performed under isoflurane anesthesia, 5 times/week. The survival or number of deaths
was monitored and recorded.

FIGURE 21 15 a Kaplan-Meier curve for 27 days, and shows that treatment with
VLA-dONP alone improved the survival in mice with Ostessarcoma in the tibial bone.
Implantation of LM2 celis was at Day 0. The termunal phase was considered to be afier
Day 15 {(Black Arrow}

Example 22 Long acting NPRB agomst (dCINP) enhances LMS8-elictied IFNg produciion

Interferon gamma {((FNg) plays a key role in activation of cellular inupunity and
subsequently, stimulation of antitumor immune response. IFN-g may inhibit angiogenesis
in tumor tissue, induce apopiosis of regulatory T-cell {a suppressor of imnume response)
and/or stimulate the activity of M1 proinflanymnatory macrophages to overcome tumor
Prograssion.

In this study, mouse osteosarcoma cancer cell line LMR (donation from Kyushu)
was maintained in alpha MEM supplemented (Fujifilm, Tokyo, Japan) with 10% Fetal Calf
Serum (FCS; Sigma Aldrich, St Louis, MO} and inoculated into 96~well plates (10,000
cells/well in RPMI 1640 supplemented (Fuifilm, Tokyo, Japarny wuth 1,000,600 cells
splenocyies derived from orthotopic LMS8 bearing mice} and cells were treated with
different concentration of fong acting CNP derivatives or JONP (described in Example 1}
{0, 0.5 (1.6 ng/mbL), and S nM (16 ng/mL)} for 96 hours. Negative control in this study is
has splenocytes only and no dCNP, and control has both LMS and splenocvies but no dCNP

to determine baseline. Supernatant was harvesied and TFNg levels were measured by
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ELISA assav (R&D Systems, Minneapolis, MN). Statistical analysis was performed by
Student t-tests by using GraphPad Prism *P < 0.01 vs. Control {n =3 or 4).

FIGURE 22 shows that dCNP increased interferon ganumna (IFNg) production in
splenocytes exposed to culfured LMSB mouse osteosarcoma cancer c¢ell line in a dose

dependent manner.

Example 23 Long acting NPREB agonist {dCNP) anti-tumor effect is mediated by CDR

activities in mice prosiate cancer model and as effective as non-CDS mediated cyviotoxic

chemotherapeutic agent,

FIGURE 23A shows graph of tumor size at Day 20 after 14-day treatment with
various test articles starting at dav 6. FIGURE 238 shows the tumor growth progress over
the treatment period along with tumor eradication at Day 20, Error bars are SEM and
mdividual dots represent individual animals in the group. FIGURES 23 A and 23B show
that dCNP (described in Example 1) at 0.3 and 1.0mg/kg was significantly effective in
suppressing prostate cancer growth in mice and as effective as cytotoxic chernotherapeutic
agent {Docetaxel} when evaluated at day 20. However, in the presence of Anti-CDS
antibody (Ab), the tumor growth suppressing effect of Docetaxel remained while the effect
of dCNP was neutralized indicating that the mwechanism of dCNP anti-tumor activity was
mediated mainly by cytotoxic CD8 T-cells. CD8 serves as a co-receptor for the T-cell
receptor {TCR). Along with the TCR, the CD8 co-receptor plays arole in T cell signaling
and aiding with cviotoxic T cell antigen nteractions to elinmunate tumor. I mediated by
CD8 then Anti-CDS 1s expected newtralizes the effect as seen for dUNP but not for
Docetaxel. Thus, FIGURES 23 A and 23B show that the fong acting NPRB agonist (dCNP)
anti-tumor effect was mediated by CDS8 activities in mice prostate cancer model and was
effective as non-imnuune mediated cytotoxic chemotherapeutic agent.

In this stady, male C37BL/6J mice (6 weeks old, male, n=10) were purchased from
Kyodo (Saga, Japan} and rmaintained under a 12-hour light/12-hour dark cvcle with free
access to water and standard mouse diet (MF diet; Oriental Yeast Co., Ltd. Tokyvo Japan).
Mice were implanted with TRAMPC-1 mouse prostate cancer cells (1,000,000
cells/mouse) (ATCC, Manassas, VA) in the subcutaneous. From the 6™ day (early stage of
tumor growth), mice were treated with a bolus dose of dCNP {described in Example 13 (0.3

me’kg s.c. or 1.0 mg/kg s.c.} with or withowt Anti-CD8 antibody (a-CD¥; 5 mg/Kg i.p.;
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BioX cells, West Lebanon, NH} in buffer containing Methionine 100 mM {Tokyvo
Chemical Industry Co., Ltd,, Tokyo, Japan); Suerose 100 mM (Tokyo Chemical Industry
Co., Ltd); Histidine 50 mM (Tokyoe Chemucal Industry Co., Lid. ) in H:O (Otsuka
Pharmaceutical, Tokushima, Japan}], Docetaxel {1 mg/kg i.p.) in Saline with or without
Anti-CD8 Ab (5 mg/kg 1.p.) as reference control, and or with Phosphate buffered saline
{PBS) alone via 1.p. as control. Mice were treated total of 14 days (5 davs of once dasly, 2
days of rest, 5 days of once-daily treatment and 2 davs rest). Anti-CD8 Ab (a-CD8) was
adroinistered on -2, 1, 4, 7, 10 and 13 day. Tumor sizes were measured with caliper.
Statistical analysis was performed by Student t-tests by using GraphPad Prism *# < 0.0001
vs. Control or a-CD8 group {n =10). D38 serves as a co-receptor for the T-cell receptor
{TCR). Along with the TCR, the CDR co-receptor plays a role in T cell signaling and
aiding with cytotoxic T cell antigen interactions to eliminate tumor. I mediated by CD8&
thenAnti-CD8 is expected neutralizes the effect.

Example 24 Long acting NPRB acomst (dONP) admunistered at much later stage had

wmor-eliminating effect against much larger or severe prosiate tumors. and was as

effective as a eviotoxic chemotherapeutic agent {Docetaxel). and additionally had a

mechanisim of action that was mediated by CD8 cells that was different than Docetaxel,

FIGURE 24A shows a graph of prostate fumor eliminating action of dCNF
{described in Example 1} (even when the when administration was started at much later
stage (tumor size i1s ~70mm3; at day 19). Also shown is that dCNP was as effective as the
cyiotoxic chemotherapeutic agent in eliminating tumor. FIGURE 24B is a table showing
prostate cancer growth over the treatment period along with tumor eradication at Day 30
{Botiorn Panel). Error bars are SEM and mdividual dots represent individual aramals in
the group. The mechanism of action of dCNP was mediated by cytotoxic CD8 T-cells
sinee it could be neutralized by anti-CD8 antibody whereas the anti-tumor effect of toxic
chemotherapeutic agent could not be neutralized by Anti-CD¥ consistent with divect
cyiotoxic effect of chemotherapeutic agent on cancer cells. Additionally, dONP was less
fethal than cyiotoxic chemotherapeutic agent (Docetaxel). D8 serves as a co-recepior for
the T-cell receptor (TCR). Along with the TCR, the CD¥ co-receptor plays arole in T cell
signaling and aiding with cytotoxic T cell antigen interactions to eliminate tumor. if

mediated by CD8 then Anti-CDE antibody is expected neuiralizes the effect.
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In this study, male U37BL/6F mice (6 weeks old, male, n=10} were purchased from
Kyodo {Saga, Japan) and maintained under a 12-hour hight/12-howr dark cycle with free
access to water and standard mouse diet (MF diet; Oniental Yeast Co., Ltd. Tokvo Japan).
Mice were mmplanted with TRAMPC-1 mouse prostate cancer cells (1,000,000
cells/mouse) (ATCC, Manassas, VA) in the subcutaneous. From the 19% day (averaged
tumor size was 70 mm3), mice were treated with a bolus dose of long acting UNP derivative
or dCNP (described in Example 1) (0.3 mg/kg s.c. or 1.0 mg/kg s.¢.) in buffer {Methionine
100 mM {Tokyo Chemical Industry Co., Lid., Tokyo, Japan); Sucrose 100 mM {Tokyvo
Chemical Industry Co., Ltd.); Histidine 50 mM (Tokyo Chemical Industry Co., Lid.}; in
H2(3 ((suka Pharmaceutical, Tokushima, Japan}], Docetaxel (TX1 mg/kg i.p. ) in Saline,
all with or without anti-CDR (5 mg/Kg i.p.; BioX cell; West Lebanon, NH) or Phosphate
buffered saline (PBS) alone via ip. Al Docetaxel groups were used as mechanism of
action comparator chemotherapeutic agent. Mice were treated total of two weeks (5 days
of once daily, 2 davs of rest, 3 davs of once-daily treatment and 2 days rest). Anti-CDR Ab
was administered every 3 days starting day 19", Tumor sizes were measured with caliper.

Example 25 Tven in healihy normal animals, long acting NPRB asonist (ACNP3 could

activate the Iromune sysiem as seen by anuincrease in T-cells. specificallv evitotosic

{CD8Y T-cells and natural killer (NK) cells in blood and CDS. CD4 1ICOS, and CDE6

sene expression in spleen after adminisiration.

FIGURES 25A-25C show that even in normal healthy mice, dCNF could activaie
the immune system as seen by an increase in T-cells (CD4), cviotoxic (CD8} T-cells and
natural killer (NK) cells in blood. FIGURES 25D-23G show that in the spleen, there was
a corresponding nerease wt CD4, CDS, ICOS, and CDE6 gene expression that were
significantly elevated indicating activation of the imnwme system. ICOS 15 inducible T-
cell co~stimulator and is an imwmune checkpoint protein and its expression indicates
immune activation. CDR&6, along with CDE0 provides costimulatory signals necessary for
T cell activation and survival and its expression confirms immune activation.

In this study, male C37BL/6J mice (6 weeks old n=3) were purchased from Kyodo
{Saga, Japan) and maintained under a 12-hour hight/12-hour dark cycle with free access to
water and standard mouse diet (MF diet; Griental Yeast Co., Ltd. Tokyo Japan). Mice were

treated with a bolus dose of 0, 0.1, (.3, and 1.0 mg/kg CNP derivative or dCNP (described
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in Example 1) in buffer (Methionine 100 mM (Tokyo Chemucal Industry Co., Ltd., Tokyo,
Japany); suerose 100 mM (Tokvo Chemical Industry Co., Ltd ), histidine 50 mM {Tokvo
Chemical Industry Co., Ltd.); in HyO (Otsuka Pharmaceutical, Tokushuma, Japan)) or
buffer alone (for control group). Administration is by bolus subcutaneous injection under
isoflurane anesthesia, at day 1, 2, 3, 4, and 5. Blood was harvested on day 5 under the
isofturane vapor and plasma were obtained by added EDTA and red blood cells were
removed by pharma lyse (BD, Franklin Lakes, NJ}3. Cells were analyzed by FACS (BD,
Franklin lakes, NJ). The spleen was harvested on day 5 under isoflurane vapor, then placed
in the Tri reagent (Cosmobio, Tokyo, Japan} for further analysis. Statistical analysis was
performed by Student i-tests by using GraphPad Prism *# < 0.05 vs. Control, **P<0.01 vs

Control (r =5).

Example 26: Surprising svnergistic effect of VEA-ACNP and Anti-PD1 antibody

combination in increasing Thl cells and decreasing Treg cells of the immune svstem that

faciitate anii -tumor iomuruty i mice with breast cancer. Additionallv. VLA-dCNFE was

sienificantly more effective than Anti-PD1 antibody in doing the same.

FIGURE 26A shows a diagram of various immune cells, their mechanistic
mteraction for invume activation, and production of interferon gamma (IFNg) cviokine
that triggers CD8 and NK cells anti-tumor activity or attack to eliminate of cancer cells.
The grey arrows indicate increase (pointing up) or decrease {pointing down) in number of
cells and dark arrows poinis to cells that it develops into in the presence of IFNg.
Regulatory T cells {Tregs) are a specialized subpopulation of T cells that act to suppress T
helper 1 (Thi} cells immune response (representied honizontal T), thereby maintaining
homeostasis and self-tolerance. Treg intubits T cell proliferation and cytokine production
10 suppress the imnwme system by inhibiting development of Thl imto CDE+ cyiotoxic T
cell (CTL) and under normal condition prevents astoimmumity. Additionally, Thi cells
provide helper functions to other cells of the mmune system—espeaially the antigen-
presenting cells {APCs) such as macrophages, dendritic cells, and B cells—and are
important for their activation and maturation.

FIGURES 26B-26D show suppression of Tregs cells, increase of activated Thi
cells where VLA-dCNP alone was significantly more effective than Anti-PD1 alone (Top

right graph}, and the ratio of Th1/Treg cells where VLA-dCNP alone was significantly
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more effective than Anti-PD1 alone in an E0771 mouse breast cancer model. Surprisingly
when both dCNP (deseribed in Example 1) and Anti-PD1 antibody were combined they
had svnergistic effect much greater than the sum of the effects of admunistration of dCINP
alone and Anti-PD1 alone. These graphs indicated dCNP and Anti-PD antibody enhanced
anti-tumor tnununity in a surpnsingly synergistic manoer by increasing Thi, CD8+, and
WK cells while decreasing Treg cells.

In this study, female CS57BL/G] mice (6 weeks old, female, n=6) were purchased
from Kyodo (Saga, Japan) and maintained under a 12-howr hight/12-hour dark cvcle with
free access to water and standard mouse diet (MF diet; Oriental Yeast Co., Lid. Tokyo
Japan). Mice were implanted with E0771 mouse breast cancer cells (250,000 cells/mouse}
{Cosmo Bio, Tokyo Japan) in the left mammary gland. From the 8" day, mice were treated
with a bolus dose of 0.3 mg/kg very long acting CNP derivative or VLA-dCNP (described
i Example 1} via SC daily for S days in buffer (Methionine 100 mM (Tokyo Chemical
Industry Co., Lid., Tokvo, Japan); Sucrose 100 mM {Tokyo Chenucal Industry Co., Ltd. ),
Histidine 50 mM (Tokyo Chemical Industry Co., Ltd ); in HxO (Otsuka Pharmaceutical,
Tokushima, Japan)) and/or 5 mg/Kg Anti-PD1 Ab via TP twice (day 8 and day 11). At12®
day, tumor was harvested analvzed by FACS for Thi cells and Treg cells and ratio were
calculated. Statistical analysis was performed by Student t-tests by using GraphPad Prism
*P < 0.05 vs. Control or **P<0.01 vs. Control (n =6).

agonist, enhanced dCNP tumor volume suppression activity against breast cancer.

CpG ODN adjuvant bind to and activate Toll-like recepior 9, initiating an innate
immune response that supports the subsequent development of adaptive immunity. TLRS
agonists improve antigen presentation and the induction of vaccine- specific cellular and
humoral responses. Clinical trials utilizing CpG OBNs have been conducted that evaluated
their utility in preventing or treating allergy, infectious disease, and especially in cancer
(Immunopotentiatory in Modern Vaccines, 2017 163-198; Chapter 9; Nature reviews
arology 2013 10 537-545; Npj Vaccines 2020 vol 5 Article number 50.

FIGURE 27 shows the significant tumor suppression when dCNP was combinec

with adjuvant CpG ODN-TLRY agonists in the mice breast cancer model. Adjuvant such
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as CpG ohigodeoxymucleotides (ODN}, a Toll-like receptor-9 agonist, enhanced dCNP
tumor volume suppression activity against breast cancer in mice model.

In this study, female C57BL/AY nuce (6 weeks old, female, n=6} were purchased
from Kyodo (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., Lid. Tokyo
Japan). Mice were implanted with EO771 mouse breast cancer cells (250,000 cells/mouse)

ih

{Cosmo Bio, Tokyo Japan) in the left mammary gland. From the 6™ day, mice were treated
with a bolus dose of dUNP derivative or dCNP (described in Examaple 1) via SC daily for
S days in buffer (Methionine 100 mM (Tokyo Chenucal Industry Co., Ltd.. Tokyo, Japan);
Sucrose 100 mM (Tokyo Chemical Indusiry Co., Ltd ), Histidine 50 mM (Tokyo Chemical
Industry Co., Lid.); in HoO (Otsuka Pharmaceutical, Tokushima, Japan)) or dCNP( 0.3
mg/kg S.C) and 2 mg/Kg CpG ODN {ODN 1826; Type B: Adipogen Life sciences, San
Diego, CA)Y via IP twice (Day 6 and Day 9). At 14" day, animals were sacrificed.
Statistical analysis was performed by Student t-tests by using GraphPad Prism *2 < 0.01
vs. Control group (n =3). Cp(s ODNs are short synthetic single-siranded DNA molecules
containing unmethyiated CpG dinucleotides.

Example 28 dCNP. anti-PD1 antibody. and combination of both are effective inuoune

activator that able 10 decrease tumor volume and Trep cells and mcrease of C69+ cells

1 mice breast cancer model

D69 is a cell surface glvcoprotein and is an activation marker for various iomune
cells. Consistent with general activation of T cells, activated tumor-infiltrating B cells
{TIL-Bs} are CD69+ and associated with ncrease an effector T-cell (IFNg+{UD4+TILs}
response {Cancer Inwnunol Res, 2017 Oct 5(10) 8§98-907). In addition, CD69%+ B cells
were linked with Tertiary lymphoid structures (TLS} that is correlated with long term
survival with NSCLC patients (Cancer Immunol Res. 2017 Oct S(10) 898-9073. The
activation of T lymphocyies and NK cells, both in vive and in vitro, induces expression of
CD6Y (mmunity 2018 48 4 702-715).

FIGURES 28A-28D show dCNP, anti-PD1 antibody, and combination of both were
effective immune activators that were able to decrease tumor volume and Treg cells and

increase {69+ cells in nuce breast cancer model. Suppression of Treg while increasing
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CD69+ cell population was consistent with immune activation causing tumor volume
SUPPIession.

In this study, female C57BL/AY nuce (6 weeks old, female, n=6} were purchased
from Kyodo (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). Mice were implanted with EO771 mouse breast cancer cells (250,000 cells/mouse)

I day, mice were treated

{Cosmo Bio, Tokyo Japan) in the left mammary gland. Fromthe 8
with a bolus dose of 0.3 mg/kg CNP derivative or JCNP (described in Exarople 1) via SC
daily for 5 days in buffer (Methionine 100 mM (Tokyo Chemical Industry Co., Ltd., Tokyo,
Japan); Sucrose 100 mM (Tokyo Chemical Industry Co., Ltd.}; Histidine 50 mM (Tokyo
Chenucal Industry Co., Lid.}; in HoO (Oisuka Pharmaceutical, Tokushima, Japan)) and/or
5 mg/Kg anti-PD1 antibody via IP twice (Day 8 and Day 11). At 12 day. animals were
sacrificed. Statistical analysis was performed by Student t-tests by using GraphPad Prism

* £ <0.01 vs. Condrol group {(n =6}

Example 29: dONP suppressed expression of fibrosis-associated and vascular-disrupting

gones within the tumor when evaluated in a much larger or more developed mice prostate

cancer but not by the ¢viotoxic chemotherapeutic agent {Docstaxsl),

Excessive production of extracellular matrix by cancer-associated fibroblast and
fibrosis indicates increase cancer expansion. Fibrosis can cause immunosuppression in the
tumnor microenvironment through exclusion and nlubiion of cviotoxic T cells and
activation of myeloid-derived suppressor cells (MDSCs) (Front. Immunol, Aug 2019). In
addition, fibrosis also elicited chemoresistance through solid stress and suppressing
perfusion (PNAS Feb 2019 116 (6)2210-2219).  Angiopoietin-2 {Ang2) inhibit the tumor
vascular stabilization through antagonizing Ang1/TieZ axis. Inhibition of Ang 2 expression
stabilizes vasculature, enhances access to turmor, and improves drug delivery (Cancer Cell
2016 Vol 30 953-967).

FIGURES 29A-29C show dCNP, but not Docetaxel or buffer control, inhibited
alpha-smooth musecle actin {u-SMA; Top Left graph), TGFS (Top Right graph), and Ang
2 gene expression within the prostate tumor of nuce cancer model. A decrease n
expression of these genes indicated a decrease in fibrotic process and such a decrease

improves the anti-tumor activity of the immune sysiem. The 0-SMA is the marker of tissue
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fibrogenesis and TGFR 15 a well-known mediator of fibrogenesis and upregulated and
activaled in fibrotic disease (Growth Factors, 2011 29 (5) 196-202). Ang2 inhibit the tumor
vascular stabilization through antagonizing Angl/Tie2 axis. Inhibition of Ang 2 expression
stabilizes vasculature, enhances access to tumor, and improves drug delivery {Cancer Cell
2016 Vol 30 853-967). As shown in FIGURE 29C, dONP stabilized the tumor vasculature
and created a better anti-tumor tumor microenvironment for the immune system.

In this study, male C37BL/6J mice (6 weeks old, male, n=10) were purchased from
Kyodo {Saga, Japan) and maintamed under a 12-hour hight/12-hour dark cycle with free
access to water and standard mouse diet (MF diet; Oriental Yeast Co.. Ltd. Tokyo Japan).
Mice were implanted with TRAMPC-1 mouse prostate cancer cells (1,000,000
cells/mouse) (ATCC, Manassas, VA) in the subcutaneous. From the 19% day (averaged
tumor size was 70 mm3), mice were treated with a bolus dose of long acting NP denivative
or dCNP (descrnibed in Example 1) (0.3 mg/kg s.¢. or 1.0 mg/kg s.c.} in buffer [Methionine
100 mM (Tokyo Chemical Industry Co., Lid.. Tokyo, Japan); Sucrose 100 mM {Tokyvo
Chemical Industry Co., Ltd.); Histdine 50 mM (Tokyo Chemical Industry Co., Ltd ), in
H20 (Otsuka Pharmaceutical, Tokushima, Japan}], Docetaxel (DTX 1 mg/kg i.p.} in Saline,
all with or without anti-CDR (8 mg/Kg 1.p.; BioX cell; West Lebanon, NH) or Phosphate
buffered saline (PBS) alone via 1p. Al Docetaxel groups were used as mechanism of
action comparator chemotherapeutic agent. Mice were treated for 2 weeks (5 days of once
daily, 2 days of rest, 5 davs of once-~daily treatment and 2 days rest). Anti-CDE Ab was
administered every 3 days starting day 19" Tumor was harvested at dav 30 and extracted
RNA, then Quantitative RT-PCR was performed; error bars are SEM. Statistical analysis
was performed by Student t-tests by using GraphPad Prism *P < 0.05 or **P<0.01 vs.
Control group (n =3-6}.

Example 30 Pharmacokinetic profile of long acting CNP denvative st (dCINP-s1) and

NP derivative 82 (dCNP-¢2) from g bolus administration showed sustained presence n

the blood over time.

Referring to FIGURE 30, shown is a graph of plasma CNP [mean {(8EM); n= 5] in
CD-1 muce after subcutaneous bolus adminmistration of 2. 0mg/Kg of CNP derivative sl
{dCNP-s1}, and UNP dernvative s2 (dCNP-s2). For comparison, the inset shows the fow

plasma level of CNP (diamond) when native CNP was adminisiered. Esror bars represent



WO 2021/252931 PCT/US2021/037061

o]

10

15

[ae
o

o]
[

30

standard error of the mean of n=535 plasma samples. Baseline CNP level prior to
administration was 0.391 (6.02) ng/mL {mean (SEM}; n=10}. Long acting dCNP-31 and
dCNP-s2 provides 10-fold higher blood level of CNP in a sustain manner (at least 8 hours}
than native UNP when given at similar dose weight/Kg dose.

For this pharmacokinetic study, all anumals (mice) {or this study were maintaimed
under a 12-hour light/12-hour dark cvcle with {ree access to water and standard mouse diet
{Lab Pico Rodent #5053, Animal Specialties, Woodburm, OR}. Male UD-1 mice (6-8
weeks old; Charles River, Hollister, CA) were treated with 2.0 mg/Kg of CNP derivative
sl {dCNP-st; PharmalN Corp, Bothell, WA}, and ONP derivative s2 (dCNP-52; PharmallN
Corp, Bothell, WA} via subcutancous bolus administration between the shoulder blades.
All test articles were formulated or dissolved in 100 mM sucrose, 100 mM methionine, 50
mM histidine, pH 7.4, Blood sampling at varnious times {0 hour, 0.5 hour, 1 hour, 2 hours,
4 hours, 6 howrs, & hours, and 24 hours) was performed by retro-orbital bleed, two bleeding
per animal at two different imepoinis. Blood samples were processed in K2ZEDTA tubes
to obtain plasma. Plasma was analyzed by commercially available CNP ELISA kit from
Phoenix Pharmaceuticals {catf EKE-012-03). CNP 1¢ a native human NP
{GLSKGCFGLEKLDRIGSMSGLGC [SEQ 1D NO. 10} and dCNP-s1 and dCNP-s2 are
derivatives of human CNP with the following sequences: HOCEONCH ) C(=0)-Aeca-
Aeea-GCFGLKLDRIGShomeQSGLGC [SEQ 1D NO.21, and HOCEONCH) L(=0)-
vE-Agea-Acea-GCFGLKLDRIGShomoQSGLGC [SEQ 1D NO. 20], each with a disulfide
bond between the 2 cysteine residues, and where homoQ: homoGlutamine residue; Aeea:
2-f 2-(2-aminoethoxy Jethoxylacetic acid residue, where the amino and carboxvlic acid
groups are used wm fornung anmude bonds to provide the CNP  derivatives;
HOCE=OKCH,) 000 was derived from octadecadioic acid: vE: gamma ghstaric acid
residue.

By example and without limatation, embodiments are disclosed according to the
following enumerated paragraphs:

Al Amethod of treating a subject having an abnormal vasculature, in any tissue
or organ, comprising adnmunisiering to the subject a therapeutically effective bolus dose of

a composition comprising a long acting UNP, a very long acting CNP, a long acting CNP
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derivative, a very long acting UNP derivative, a long acting NPRB agonist, a very long
acting NPRB agonist, or any combination thereof,

wherein adnunistering the therapeutically effective bolus dose of the composition
provides a vasculature normalization or an increase in pericvie coating index by at least
10%,

wherein the composition does not decrease blood pressure by more than 20% {e.z..
by more than 15%, by more than 10%, or by more than 5%) of a baseline blood pressure
measurement, where the baseline blood pressure measurernent 1s an average blood pressure
prior to administration of the composition, and

wherein the composition increases plasma cyclic-GMP level at from 1 hour to 12
hours (after adminstration to above 1.5x of a baseline plasma cyclic-GMP level, and the
baseline plasma cyclic-GMP level is an average plasma cvclic-GMP level prior to
adnunistration of the composition or the average plasma cvclic-GMP level of a healthy
subject (preferably the average plasma cveclic-GMP level prior to administration of the
composition for the subject).

A2 A method of increasing a number of cvtotoxic T-cells and/or a number of
activated NK cells, comprising adwmirustering 1o a subject in need thereof a therapeutically
effective bolus dose of a composition comprising a long acting CNP, a very long acting
NP, along acting CNP derivative, a very long acting CNP dertvative, a long acting NPRB
agonist, a very long acting NPRB agonist, or any combination thereof,

wherein the therapeutically effective bolus dose of the composition provides an
increase in the number of ¢yiotoxic T cells and/or NK cells of at least 15% above the level
prior to adnunistration of the coraposttion or above the level in a healthy subject,

wherein administering the therapeutically effective bolus dose of the composition
does not decrease blood pressure by more than 20% of a baseline blood pressure
measurement, where the baseline blood pressure measurement 1s an average blood pressure
prior to administration of the composition, and

wherein the composition increases plasma cyclic-GMP level at from 1 hour to 12
hours atter adroinistration to above 1.5x of a baseline plasroa cyche-GMP level, and the
baseline plasma cyclic-GMP level is an average plasma cyclic-GMP level prior to

administration of the composition or the average plasma cvclic-GMP level of a healthy
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subject {preferably the average plasma cyclic-GMP level prior to administration of the
composiiion for the subject).

A3, A method of Paragraph Al or Paragraph A2, wherein:

the subject has a condition (1} to (viii):

{1} alow number of cytotoxic T cells,

(1)  alow number of activated NK cells,

(i1} ahigh number of Treg cells,

(v}  ahigh level of expression of TGFR,

{v) a high level or expression of Foxp3,

{(vi})  ahigh number of myeloid-derived suppressor cells or MDSCs,

{vii) ahighlevel or expression of Bv&; or

{viit} any combination thereof; or

the subject is in need of {ix) to {xvi}:

(@)  anmncrease in a number of ¢ytotoxic T-cells;

{x) an mcrease in activated NK cells;

{(xi)  adecrease in a number of Treg cells;

{xii} adecrease in TGF-P expression;

(xiit} adecrease in Foxp3 expression;

{xiv} adecrease in a number of myeloid-derived suppressor cells (MDSCs);

{xv)a decrease in BvE expression, or

{(xvi} anv combination thereof,

wherein administering the therapeutically effective bolus dose of the composition
provides a reduction in tumor size when present, an increase i the number of cytotosic T-
cells, an increase in the number of activated NK cells, a reduction in the number of Treg
cells, a decrease in the level or expression of TGFR, a decrease in the level or expression
of Foxp3, a decrease in the number of myeloid-derived suppressor cells (MDSCs), a
decrease in the level or expression of Bv8, an improvement in survival/lifespan, or a
combination thereof.

A4, Aroethod of treating a subject of any one of Paragraphs Al to A3, wherein

the subject further has a low number of cytotoxic T cells, a low number of activated NK
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cells, or both a low number of cyiotoxic T cells and a low number of activated NK cells
prior 1o administering the therapeutically effective bohus dose of the composition.
A5, The method of any one of Paragraphs Al to A4, wherein the long acting
CNP  dernvative or the very long acting NP derivative compnises U-
GLSKGCFGLEKLDRIGESMSGLGC [SEQ 1E); NO. 21, U-
GLSKGCFGLK(ULDRIGSMSGLGC [SEQ D NG, 31
GLSKGCFGLK{U)LDRIGSMSGLGC [SEQ 1D NO. 4}, U-CFGLKLDRIGSxSGLGC,
where X 15 a natural or unnatural armine acid residue {SEQ ID NO. 11], or any combination
thereof,
wherein:
Uis a motety of Formula (1) or (1), where Formula (1) 18
{aliphatic),~(0-:
B
wherein

a1s 0 or | {preferably ais 1);

aliphatic is an optionally substitiied C4 54 chain {2.g., an optionally
substituted Cy.54 chain, an optionally substituted Cy;_1g cham}, covalently bound to X via
a chemical linkage, such as a carbony! {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 aroide or an ester inkage; or more preferably via a carbouyl as
part of an amide linkage with X;

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

X is a linker (YE} (B

wheretn B 1s a 1-8 amino acid residue sequence wherein each amino
acid residue is mdependently selected from 2-[2-(Z-aminoethoxy)ethoxyiacetic acid
residue, Gly, Ala, Leu, Ser, Arg, and Lys,

mis0, 1,2, 0r3;

nis 0, 1.2, or 3; and

the sum of m and n i at least 1,
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and Formula (81} 18
(polymen),(Y)-
iy
wherein

ais O or 1 {preferably ais 1)

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

Y is:

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

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

an aming acid residue-containing linker, wherein the anuno acid
residue is covalently attached to (polymer)s; or

apeptide linker different from the 1-10 amyino acid residue or pephide
sequence.

A6, The roethod of Paragraph A3, wherein Y 15 a linker (vE},-(B),. wherein B
i5 a 1-8 anmino acid residue or peptide sequence wherein each amino acid residue is
independently selected from 2-[2-(2-aminoethoxy)ethoxylacetic acid residue, Gly, Ala,
Ley, Ser, Arg, and Lys, mis 0, 1,2, or 3; nis G, 1, 2, or 3; and the sum of m and n s at
feast 1.

A7, The method of Paragraph A5 or Paragraph A6, wherein the long acting CNP
derivative  or the verv long acting OCNP  derivative  comprises U-
GLSKGCFGLKLDRIGSMSGLGC [SEQ D NO. 21, U-
GLSKGUFGLK(ULDRIGSMSGLGC [SEQ 1) NG. 34,
GLSKGCFGLE(UILDRIGSMSGLGC [SEQ 1D NO. 4], U-CFGLKLDRIGSSGLGC,
where x 15 a natural or onnatural anuno acid residue [SEQ I3 NO. 12], or any combination
thereof, and;

whersin:



WO 2021/252931 PCT/US2021/037061

o]

10

15

[ae
o

o]
[

30

U is a moiety of Formmuda (I}, where Formula (1) is
{aliphatic),~(X}-:
B
wherein
ais 0 or 1 {preferably ais 1);
aliphatic is an optionally substifuted Cyg_p4 chain {e.g., an optionally
substituted C (.35 chain), covalently bound to X via a chermical linkage, such as a carbonyi
{e.g., as part of an amide or an ester hinkage), a thioether, an ether, a thioether, a carbamate
maoiety, a bond, or the like with X preferably via a carbonyl as part of an amide or an ester
iinkage; 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
amino acid residue is independently selected from lysine (K), arginine (R}, glycine (G).
alaning (A}, glutamic acid (E), and aspartic acid (I¥); or
X s a linker (YEm-(Bh,
wherein B 15 a 1-8 anuno acid residue or peptide sequence wherein
each amino acid residue is independently selected from 2-[2-(Z-aminoethoxyjethoxy facetic
acid residue, Gly, Ala, Leu, Ser, Arg, and Lys;
mis0, 1,2, 0r3;
nis G, I, 2, or 3; and
the sum of m and n is at least 1.
A8, The method of any one of Paragraphs A5 to A7, wherein X is a 4-7 amino
acid sequence, wherein each amino acid residue 15 independently selected from Ivaine (K),
arginune (R), and glycine (G}, or
¥ 15 a linker (yE),,~(Bi, wherein B is a 1-8 amino acid residue sequence wherein
each amino acid residue is independently selected from 2-[2-(2~aminoethoxy jethoxy facetic
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.
A9, The method of anv one of Paragraphs AS to A8, wherein the long acting
CNP  derivative or the very long acting OCNP derivative comprises U-
GLSKGCFGLKLDRIGSMSGLGC [SEQ IDNQ. 21,

whersin:
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U is {aliphatic)-(X)-;
wherein
a1s 0 or | {preferably ais 1);
aliphatic 1s an optionally substitmted Cy 54 chamn {2 g, an optionally
subsiituted .04 chain, an optionally subsiituted Cy5.1g cham}, covalently bound o X via
a chemical linkage, such as a carbonyl {e.g., as part of an anude 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 aroide or an ester linkage; or more preferably via a carbouyl as
part of an amide linkage with X; and
Xis a 1-10 amino acid sequence, wherein each amino acid residue
1s independently selected from lysine (K}, arginine (R}, glveime (G), alanine (A), glutamic
acid (E), and aspartic acid {D); or
X is a linker (YE),,~(B), wherein B 1s a 1-8 amino acid residue or
peptide sequence wherein each amino acid residue 15 independently selected frovo 2-[2-(2-
aminoethoxy yethoxylacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1, 2. or
3;ni18 0, 1, 2, or 3; and the sum of m and n 15 at least 1.

A10. The method of any one of Paragraphs AS to A9, wherein aliphatic does not
comprise a straight or branched optionally substituted Cyo chain {e.g., an oplionally
substituted Cq.g alkyl-C(=0}- moiety, and/or an optionally substituted Cy ¢ alkyl that is
covalently bound to the peptide via a linkage such as a thioether, an ether, a thioether. a
carbamate moiety. a bond, or the like).

A1l The method of anv one of Paragraphs Al to A1, wherein the long acting
CNP derivative s selected from

CH{CH,) 1, CE=0KKRKEKGGGGLSKGOFGLKLDRIGSMSGLGC [SEQ ID NO.

35

CH3(CHy) 1 CE0KKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO.
61

CHR{CH, 2 C(EOIKKKKGGGGLSKGUFGLKLDRIGSMSGLGC [SEQ ID NO.
7L

CH3(CH, OO0 KKK KGGGGLSKGOFGLKLDRIGSMSGLGC [SEQ ID NO.
&L,
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CH3{CHy ) CEOIKKKRGOGGGLSKGCFGLRKLDRIGSMSGLGC [SEQ ID NG,
9%

HOC(=0XCHy ) C=0)-vE-Aeea-Aeea-GCFGLKLDRIGS homoQSGLGC
comprising a disulfide bond between the cysteine residues {SEQ D NO. 20}; and

HOCEOKTH) 1 C(=0)-Acca-Aeea-GUFGLKLDRIGS homoRSGLGC
comprising a disulfide bond between the cysteine residues [SEQ 1D NO. 21|

A12. The method of any one of Paragraphs Al to All, wherein the long acting
CNP denvative 18 CHR{CH, ) CEOKKKKGGGGLSKGUFGLKLDRIGSMSGLGC
ISEQ 1D NO. 51

Al13. The method of anv one of Paragraphs Al 1o All, wherein the long acting
CNP  denvative 15 CH3{(CHy) 1 CE0RKKKGGGGLSKGCFGLKLDRIGEMSGLGC
[SEQID NGO, 6]

Al4. The method of any one of Paragraphs Al to All, wherein the long acting
UNP  denvative 18 CHi{CH, 3o CEOKKKKGGGGLSKGUFGLKLDRIGSMSGLGO
[SEQ 1D NOG. 7]

Al1S. The method of anv one of Paragraphs Al o All, wherein the long acting
CNP dervative 15 CHi(CHy o CEOIRKKKGGGGLSKGCFGLKLDRIGSMSGLGC
[SEQID NO. 81

Al6. The method of any one of Paragraphs Al to All, wherein the long acting
CNP denvative 18 CHi{CH;, )y C(=0KKKKGGGGLSKGUCFGLKLDRIGSMSGLGC
[SEQ D NG. 91,

A17. The method of anv one of Paragraphs Al to All, wherein the long acting
CNP derivative is HOC(EOKCH, ) C(=0)-vE-Acea-Aeea-
GCFGLKLDRIGShomoQSGLGC comprising a disulfide bond between the cysteine
residues [SEQ D NG, 20].

A18.  The method of any one of Paragraphs Al to All, wherein the long acting
NP derivative 1$ HOCEONCH)14CE=0)-Acea-Acear
GCFGLKLDRIGShomoQSGLGC comprising a disulfide bond between the cysteine
residues [SEQ 1D NO. 211

A19. The method of any one of Paragraphs Al to A6, wherein the long acting

NP denivative or the very long acting CNP derivative comprises U-
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GLSKGCFGLKLDRIGSMSGLGC [SEQ D NO. 2}, -
GLSKGCFGLK{UYLDRIGSMSGLGC {SEQ 1% NGO 3],
GLSKGUFGLK{UNLDRIGSMSGLGC [SEG ID NO. 4], U-CFGLKLDRIGSxSGLGC,
where x is a natural or unnatural amine acid residue [SEQ 1D NQ. 27], or any combination
thereof:
wherein:
U 18 a motety of Formuda (31), where Formula (81) 1s
(polymen) -(Y)-:
1y
wherein
ais 0 or 1 {preferably ais 1)
polvmer is cellulose, polv{ethylene 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 amino
acid residue is independently selected from lysine (K}, argimine (R), and glveine (G},
a non-aming acid linker comprising an ester, an anude, a thioether,
an ether, a thioether, a carbamate moitety, or a combination thereof, or
a hinker (yE),-(B),,, wherein B 15 1-8 anuno acid residue sequence
wheretn  each amine  acid rtestdue 15 mdependently  selected  from  2-[2-(2-
aminoethoxy yethoxylacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1. 2. or
3;ni8 0, 1, 2, or 3; and the sum of m and n 18 at least 1.
A20.  The mcthod of any one of Paragraphs Al to A6 and A19, wheren the long
acting UNP derivative or the very long acting CNP derivative comprises U-
GLSKGCFGLKLDRIGSMSGLGC [SEQ i NG. AR U-
GLSKGCFGLK(UILDRIGSMSGLGC [SEQ D NO. 3],
GLSKGUFGLK(ULDRIGSMSGLGC [SEQ 1D NO. 4], U-CFGLKLDRIGSxSGLGC,
where x is a natural or unnatural amino acid residue [SEQ D NGO, 27], or any combination
thereof’
wherein:

U is a moiety of Formuta (I1), where Formula () 1s
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{polymen),-(Y)-;
(I
wherein

ats O or 1 {preferably ais 1);

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

Y is:

a 1-10 anuno acid residue or peptide sequence, wherein each anuno
acid residue is independently selected from lvsine (K}, arginine {R), glycine (G}, alanine
{A}, glutamic acid (F), and aspartic acid (D)

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

an amino acid residue-containing linker, wherem the amuno acid
residue is covalently attached to (polymer)s;

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

a linker (YE),-(B}),, wherein B 15 1-8 amino acid residue sequence
wherein  each amino acid restdue is independently selected from 2-[2-(2-
aminoethoxy Jethoxylacetic 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.

A2l The method of any one of Paragraphs Al to A6, A19, and A20, wherein the
polvmer does not include poly{ethviene glveol), MPEG, or both poly{ethylene glycol} and
MPEG.

A22. The method of any one of Paragraphs Al to A6 and Al1910 A21, whereinY
i5:

a 4-10 amine acid residue or peptide sequence, wherein each amino acid residue is
independently selecied from lysine (K), argimne (R}, and glveime (G); or

a liker (vE),~(B), wherein B is 1-8 amino acid residue or peptide sequence

wherein each amino acid residue 15 independently selected from 2-[2-(2-

-130-
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aminoethoxy jethoxy jacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lvs; mis 0, 1, 2, or
3:n18 0, 1, 2, or 3; and the sum of m and v is at least 1.
A23. The method of any one of Paragraphs Al to A22, wherein the bolus dose

administration occwrs at most twice a day and the route of administration comprises

5 subcutaneous, infravenous, by nhalation, intramuscular, nasal, enteral, or any combination
thereof, or
wherein the route of administration is subcutaneous; or
wherein the route of admimstration is infravenous; or
wherein the route of administration is intramuscular; or
10 wherein the rowte of administration is by inhalation; or
wherein the route of admanistration is nasal; or
wherein the enteral route of administration is oral.
A24. The method of any one of Paragraphs Al to A23, wherein the subject has
cancer,

15 A25. The method of Paragraph A24, wherein the cancer is selected from breast
cancer; bone cancer {e.2., osteosarcoma); prostate cancer {e.g., early stage prosiate cancer,
late stage prostate cancer); colon cancer, head cancer, neck cancer, liver cancer, kidney
cancer, cervical cancer, lung cancer, stomach cancer, urethra cancer, bladder cancer, cancer
of the ureter, renal pelvic cancer, cancer of the rectum, esophageal cancer, cancer of the

20 lymph node, pancreatic cancer, stomach cancer, ovanan cancer; cancer of the central
nervous system, soft tissue cancer, endocrine gland cancer; or anv combination thereof, or

wherein the subject has skin cancer; or
wherein the subject has colon cancer; or
wherein the subject has breast cancer; or
25 wherein the subject has bone cancer {e.g., osteosarcoma); or
wherein the subject has prostate cancer.
A26. The method of Paragraph A24 or Paragraph A25. wherein the cancer is
responsive to a cytotoxic cell immunostindant.
A27. The method of any one of Paragraphs AZ4 to A26, wherein the cancer is
30 selected from head and neck cancer, skin cancer, liver cancer, kidney cancer. cervical

cancer, lung cancer, breast cancer, stomach cancer, colon cancer, vmph node cancer,

-131-
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pancreatic cancer, ovary such as dMMR, cancer of the urethra, bladder, ureters, renal
pelvis, and surrounding organs.

A28, The method of any one of Paragraphs AZS to A27, wherein

the skin cancer comprises Merkel cell carcinoma, squamous cell carcinoma,
roelanoma, or any combination thereof;

the liver cancer corprises hepatocellular carcinoma;

the kidney cancer comprises renal cell carcinoma;

the tung cancer comprises simall cell or non-small cell lung carcivoma;

the breast cancer comprises triple negative breast cancer;

the stomach cancer comprises gasiric cancer, adenocarcinoma of esophageal
junction, or dMMR);

the lymph node cancer comprises Hodgkin or non-Hodgkin PMBCL;

the pancreatic cancer and ovarian cancer each independent comprises dMMR; and

the cancer of the surrounding organs to the renal pelvic area comprises urothelial
cancer.

A29  The method of any one of Paragraphs Al to A28, further comprising

admunistering to the subject an imunune adjuvant, wherein the immune adjuvant
modulates a toll-like receptor, or a cytotoxic cell immmunostimulant comprising therapeutic
agents {e.g., protein and/or small molecule compounds) or antibodies targeting an imymnune
checkpoint protein selected frorn CTLA~4 (cytotoxic T-lyrophocyte-associated protein 4},
PD1 (programmed cell death protein 1 or {D279), PD-L1 (programumed death-ligand 1),
PD-L2 (programmed death-ligand 2}, LAG-3 (lymphocyte-activalion gene 3 protein),
BTLA (B- and T-lvrophocyte attenwator), B7TH3 ((CD276, an immune checkpoint mernber
of the B7 and CD28 families), B7H4 (a molecule of the B7 family, negatively regulates T
cell immunity}), and TIM-3 (a co-inhubitory receptor that is expressed on [FN-y-producing
T cells); wherein the cyiotoxic cell imununostimulant whibits an immune checkpoint
protein; or

wherein cytotoxic cell immunostimulant comprises an antibody or portion of an
antibody agarust an inwnune checkpoint protewn, a soluble ligand of an wrenune checkpownt
protein, pembrolizumab, Nivolumab, Ipilimumab, Atezolizimab, Avelumab, Durvalumab,

Cemiphmab, tremelimumab, lambrolizumab, and/or pidilizumab, or
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wherein the immune adjuvant comprises a toll-like receptor 9 agonist; or

wherein the immune adjuvant comprises a CpG oligodeoxynucleotide.

A30. The method of any one of Paragraphs Al to AZ9, further comprising
administering to the subject CAR T-cells.

A3l The roethod of any one of Paragraphs Al to AZE, wherein the composition
comprises a long acting CNP composition or a very long acting CNP denvative
composition comprising 8 CNP, a CNP derivative, or a long acting CNP derivative and a
polyroer excipient, the polymer excipient comprising a poly{amino acid) grafied with
polvethylene glycol, fatty acid, anionic moieties, or any combination thereof. wherein the
polymer excipient is adapted {0 sequester or non-covalently bind to any of the CINP or {INP
derivatives..

A32. The method of any one of Paragraphs Al to A31, wherein the composition
comprises a very long acting CNP derivative composition comprising a long acting CNP
derivative and a polvmer excipient, the polymer excipient coroprising a poly{aroino acid)
grafted with polyethvlene glveol, fatty acid, anionic moigties, or any combination thereof]
and wherein the polvmer excipient is adapied {0 sequester or non~covalently bind to the
fong acting CNP derivative.

A33. The method of any one of Paragraphs Al to A4 and A23 to A30, wherein
the long acting NPRB agonist or the very long acting NPRB agonist comprises a
polvpeptide.

A34, The method of Paragraph A33, wherem the polypeptide comprises an
antibody.

A35. The method of any one of Paragraphs Al to A4 and A23 o A33, wherein
the long acting NPRB agonist or the very fong acting NPRB agonist comprises a molecule
of a molecular weight of less than 2kDa

A36. The method of avy one of Paragraphs Al to A33, wherein the composition
does not decrease blood pressure by more than 15% of a baseline blood pressure
measurement,

A37. The roethod of any one of Paragraphs Al to A3S, wherein the composition
does not decrease blood pressure by more than 10% of a baseline blood pressure

measurement.
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A38. A method of treating a subject having cancer, compiising
administering o the subject in need thereof a therapeutically effective bolus dose
of a composition comprising a long acting CINP dernivative or a very long acting CNP
derivative comprising U-GLSKGCFGLKLDRIGSMSGLGC [SEQ ID NG, 2f, U-
GLSKGCFGLE(UILDRIGSMSGLGC [SEQ D NO. 3],
GLSKGCFGLK(ULDRIGSMSGLGC [SEQ 1D NO. 4}, U-CFGLKLDRIGSxSGLGC,
where X is a natural or unnatural amino acid residue {SEQ ID NO. 11}, or any combination
thereof]
wherein:
U is a moiety of Formutla (I} or (I}, where Formula (I} is
{aliphatic) (X~
)
wherein
a5 0 or 1 {preferably ais 1);
aliphatic 1s an optionally substituted Cy_y4 chain {e.g., an optionally
substituted Cy.4 chain, an optionally substituted C 515 chain), covalently bound to X via
a chemical linkage, such as a carbony! {e.g., as part of an anude 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 ag
part of an amide linkage with X
X 15 a 1-10 amino acid residue or peptide sequence, wherein each
amino actd residue is independently selected from lyvsine (K}, arginine (R), glveine {(G),
alamne (A), glutanuc acid (E), and aspartic acid (D) or
X i3 a linker (YE)-(B), wherein B i3 1-8 anino acid residue or
peptide sequence wherein each amino acid residue i3 independently selecied from 2-[2-(2-
aminoethoxy Jethoxyjacetic 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;
and Formula (I1) ig
{polvmer},-(Y)-;
(b

wherein
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ais 0 or 1 {preferably ais 1}

polvmer is cellulose, poly{ethviene glycol) (PEG), methoxy
poly{ethyviene glycol} (MPEQG), poly(lactic-co-glycolic acid), poly{(N-vinyl pyrrolidone), or
a derivative thereof]

Y 1is:

a 1-10 amino acid residue or peptide sequence, wherein each amino
acid residue is independently selected from lysine (K), arginine (R}, glvcine {(G), alanine
{A), ghutamic acid (B), and aspartic acid (D):

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

an anuno acid residue-~containing hinker, wherein the amino acid
residue is covalently attached to {polvmera; or

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

wherein the composition does not decrease blood pressure by more than 15% {e.g,,
by more than 15%, or by more than 10%]) of a baseline blood pressure measurement, where
the baseline blood pressure measurement is an average blood pressure prior o
adnunistration of the composition; and

wherein the composition increases plasma cvelic-GMP fevel at from 1 hour to 12
hours {e.g.. 2 to 12 hours, 4 {0 12 hours, 1 hour 10-24 hours, 2 to 24 hours, 4 1o 24 hours, 1
hour to 84 hours, 2 10 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) to above 1.5x {e.g., above 2x, above 3x, above
4x, or above 5x) of a baseline plasrua cyclic-GMP level, and the baseline plasma cyche-
GMP level 15 an average plasma cyclic-GMP level prior to administration of the
composition or the average plasma cvclic-GMP level of a healthy subject (preferably the
average plasma cychic-GMP level prior to admimstration of the composition for the
subject).

A39. The method of Paragraph A3E, wherein Y i3 a linker (vEn~-{Bn, wherein B
1 1-8 anvoo aad residue or peptide sequence whereln each amine acid residue is

mdependently selected from 2-[2-(2-amincethoxyethoxylacetic acid residue. Gly, Ala,
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Lew Ser, Arg, and Lys; mis 0, 1.2, or3:0n1s 0, 1, 2, or 3. and the sumof mand n is at
least 1.

A40.  The method of Paragraph A38 or Paragraph A39, wherein the long acting
CNP derivative is selected from:

CH{CH R CEOIRKKKGGGGLSKGUFGLKLDRIGSMSGLGC [SEQ ID NO.

5k

CH3{(CH) o C=OIKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ 1D NO.
61

CHA(CH,) 13 CE0RKKKGGGOLSKGCFGLKLDRIGEMSGLGC [SEQ ID NO.
7}

CHR{CH 1 CEOIKKKKGGGGLSKGOFGLKLDRIGSMS GLGC [SEQ ID NO.
&l

CHA{CH ) C=0IKKKKGOGGLS KGCFGLKLDRIGSMSGLGC [SEQ 1D NO.

HOC(=0)CH,) 4C(=0)-vE-Aeea-Aeea-GCFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues {SEQ 1D NG, 20}, and

HOCEOKTH H CE=0)-Acea-Aeea-GUFGLKLDRIGS homoQSGLGC
comprising a disulfide bond between the cysteine residues [SEQ 1D NO. 21}

A41. The method of any one of Paragraphs A38 to A40, wherein the long acting
CNP denvative 15 CHi{CH, ), C(=OKKKKGOGGLSKGUFGLKLDRIGSMSGLGC
[SEQ ID NO. 51

A42 The method of any one of Paragraph A38 (o AdQ, wherein the long acting
CNP  dernivative 15 CHs(CHy) (CEOIRKKKGGGOLSKGCFGLKLDRIGSMSGLGC
[SEQ ID NO. 61,

A43. The method of any one of Paragraph A38 to A40, wherein the long acting
CNP denvative 18 CHi{TH,};eC(=0KKKKGGGGLSKGUFGLKLDRIGSMSGLGC

[SEQ 1D NO. 71,

Ad4. The method of any one of Paragraphs A38 to A4Q, wherein the fong acting
CNP desivative is  CH3(CH; )y CEOIKKKKGGGGLSKGCFGLKLDRIGSMSGLGC

[SEQ 1D NO. 81,
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A45 The method of any one of Paragraphs A38 to A40, wherein the long acting
CNP derivative 15 CH3{CH; ) C(=0KKKKGGGGLSKGCFGLEKLDRIGSMSGLGC
ISEQ 1D NO. 9].

Ad6. The method of any one of Paragraphs A38 to A4{, wherein the fong acting
CNP derivative is HOCEOKCH, ) C(=0)yE-Aeca-Aeca-
GUFGLKLDRIGShomoQSGLGC comprising a disulfide bond between the cysteine
residugs [SEQ 1D NO. 20].

A47. The method of any one of Paragraphs A38 to A40, wherein the Jong acting
NP derivative is HOC{E=ONCH,), ,C=0)-Acea-Acea-
GCFGLKLDRIGShomoQSGLGC comprising a disulfide bond between the cysteine
residues [SEQ ID NO. 211

A4, The method of any one of Paragraphs A38 1o A47, wherein the composition
comprises a very long acting CNP derivative composition comprising a long acting CNP
derivative and a polymer excipient, the polvmer excipient coroprising a poly(aroino acid)
grafted with polyethvlene glveol, fatty acid, anionic moieties, or anv combination thereof,
wherein the polymer excipient is adapted to sequester or non-covalently bind to the long
acting CNP derivative.

A49. The method of any one of Paragraphs Al to A48, wherein the subject has a
tomor and administering to the subject the therapeutically effective bolus dose of the
composition increases vasculature normalization or an 1ncrease in pericyie coating index
by at least 20% within a tumor fissue.

AS0. The method of any one of Paragraphs Al to A49, wherein the subject has a
fumor and admanistering to the subject the therapeutically effective bolus dose of the
composition decreases the tumor size.

A31. The method of any one of Paragraphs Al to A50, wherein the subject has a
tumor and adounistening to the subject the therapeutically effective bolus dose of the
composition impraves survival of the subject.

AS52 The method of any one of Paragraphs Al to AST, wherein the subject has a
fumor and administering to the subject the therapeutically effective bolus dose of the

composition increases the number of eytotoxic T-cells within the tumor,
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A33. The method of any one of Paragraphs Al to A52, wherein the subject has a
tomor and adminstering to the subject the therapeutically effective bohuws dose of the
composition increases the number of activated NK cells within the fumor.

AS4. The method of any one of Paragraphs Al to AS3, wherein the subjecthas a
fumor and administering to the subject the therapeutically effective bolus dose of the
composition increases vascular normalization within the tumor, decreases the tumor size,
improves survival, increases the number of cytotoxic T-celis within the tumor and/or
mereases number of activated NK cells within the turoor.

AS5. A compostiton comprising a long acting CNFP derivative of comprising a
formuta U-CFGLKLDRIGSxSGLGC {SEQ 1D NO. 30}, wherein

x 18 a natural or unoatural anuno acid residue, provided that ¥ is not a methionne
residue; and

U has is a moiety of Fornwda (I}

{aliphatic),-(X}-;
ey

wherein a is 0 or 1 (preferably ais 1)

aliphatic is an optionaltly substituted €4 54 chain {e.g , an optionally substituted Cy,.
24 chain, an optionally substituted ;. ;¢ chain), covalenily 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 motety, a bond, or the tike with X preferably via a carbonyl
as part of an amide or an ester hinkage; or more preferably via a carbonyl as part of an
amide linkage with X

X 1s a linker (yE},-(B}, wherein B is 1-8 amuno acid residue or peptide sequence
wherein  each amino  acid residue 15 independently  selected from 2-[2-(2-
aminoethoxy jethoxyjacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lvs; mis 0, 1,2, or
30180, 1, 2, or 3; and the sum of m and n is at least 1.

AS56.  The composition of Paragraph ASS5, wherein x 1s homoglutamine, aliphatic
i5 a branched or straight optionally substituted Cig chain covalently bound to X via a
carbonyl {e.g, CH3{CH,)C(=0)) or a Cg chain covalently bound to X via a chenucal
linkage, such a thioether, an ether, a thioether, a carbarnate moiety, a bond, or the like with

X preferably aliphatic is a branched or straight optionally substituted C ;g chan covalently
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bound {0 X via a carbonyl {e.g., CH{(CH, )1 ,C(=0)) as part of an anude 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., CH3(CHy)14CE=0)) as part of an amide
finkage with X, or aliphatic 1s HOC(=OWCH, ,CE=EO a5 1, BisGly  mis 0, 1, or 20
and nis 1.

AS37. The composition of Paragraph ASS5, wherein x is homoglutamine, aliphatic
1s a braoched or straight optionally substituted Cyg chamn covalently bound to X via a
carbonyl {e.g., CHR{CH, 11, C(=0)) or a 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
¥, preferably aliphatic 1s a branched or straight optionally substituted C g chain covalently
bound o X via a carbonyl {e. g, CH5{CH;)15C(=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 carbonyl (e g., CH3(CHy) (C(=0}) as part of an amude
linkage with X, or aliphatic is HOC(=OHCH ) C(=03, a1 1, BisGly, mis [, and n is
i

AS8. The composition of Paragraph A55, wherein x is homoglutamine, aliphatic
is a branched or straight optionally substitted Cig chain covalently bound o X via a
carbonyl (e.g., CHy(CH, ) 4C(0)) or a C g chain covalently bound to X via a chernical
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,)sC(=0)) as part of an anude 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 carbonyl {e.g., CH3{CH;};,C(=0)} as part of an amide
finkage with X, or aliphatic 1s HOC(EOHCH)C=01; ats Lmis L andnis O

A39.  The compostiion of Paragraph ASS, wherein x is homoglutamine (homo(QQ)
[SEGID NO. 16], Uis {aliphaticy-(X)-; wherein ais 0 or 1 (preferably ais 1); aliphatic 1s
a branched or straight optionally substituted Cy 3 chain covalently bound to X via a carbonyl
{e.2., CH3{{TH,};4,C(=0)) or a C;4 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 Cig chain covalently

bound to X via a carbony] {e.g., CH1{CH 1, C(=0) as part of an amide or ester linkage
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with X: or yoore preferably aliphatic 15 a branched or straight optionally substituted Cig
chain covalently bound to X via a carbonyl (e g., CH3(CH})4C(=0)) as part of an anude
linkage with X, or aliphatic 1s HOCEOHCH)16C(=0)); X is a linker (WE)a-(Bin, Bis 2-
[ 2-(Z-aminoethoxy yethoxy jacetic acid residue, mis O, andnis 2.

A60.  The composition of Paragraph ASS, wherein X is homoglutanine (homo(Q)
[SEQ 1D NO. 17, U is (aliphatic};~(X)-; wherein a ts 0 or I {preferably ais 1); aliphatic is
a branched or straight optionally substituted C g chaio covalently bound to X via a carbonyi
{e.g.. CH3{CH ) 14C(=01) or a {5 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 Cg chain covalently
bound o X via a carbonyl {e.g., CH5{CH;)15C(=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 carbonyl (e.g., CH3(CHy) (C(=0}) as part of an amude
linkage with X, or aliphatic 1s HOC{(=0}CH;;,C(=0)}; X is a linker (yE}u-(Bi Bis 2-
12~(2-aminoethoxy yethoxy]acetic acid residue, mis I, andnis 2.

A6l The composition of Paragraph A55, wherein x is homoglutamine, aliphatic
is CHa{CHpCEOY or HOCEONCH CEOCY, B o1 a 2-{2-02-
aminoethoxy Jethoxyjacetic acid residue, mis 0, and nis 2.

A62. The composttion of Paragraph ASS, wherein x is homoglutamine, aliphatic
is CH3({CHOWCEDY o HOCOGEOHCH L U=0r B is a 2-{2-+(2-
aminoethoxy Jethoxylacetic acid residue, mis 1, andnis 2.

A63. The composition of Paragraph A55, wherein x is homoglutamine, aliphatic
is CHA(CH, ) 0(=0) or HOCEOHCH)  C(=0); B is (2-{2~2~
aminoethoxy ethoxylacetic acid)-{2-{2-(2~aminoethoxy yethoxyjacetic acid)-(Gly), mis |,
andnis 1,

AG4 The composition of Paragraph ASS, wherein the long acting CNP derivative
15 HOC{E=ONCH,), (C(=0)vE-Acea-Aeea-GCFGLKLDRIGShomoQSGLGC with a
disulfide bond between the cysteine residues {SEQ 1D NO. 20}

A6S. The composition of Paragraph AS5, wherein the long acting CNP derivative
15 HOCEO)CH,) (4C(=0)-Acea- Acea-GCFGLKLDRIGShomoQSGLGC with a

disulfide bond between the cysteine residues [SEQ ID NGO, 211
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A66.  The method of any one of Paragraphs AS to A54, wherein ais 1.

AGT. The coroposition of anv one of Paragraphs A55 to A6S, wherein ais 1

‘While illustrative 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 is

claimed are defined as follows:

i A method of treating a subject having an abnormal vasculature, in any tissue
or organ, comprising adminisiering to the subject a therapeutically effective bolus dose of
a composition comprising a Jong actiog CNP, a very long acting CNP, a long acting CNP
derivative, a very long acting CNP derivative, a long acting NPRB agonist, a very long
acting NPRB agonist, or any combination thereof,

wherein adnunistering the therapeutically effective bolus dose of the coraposition
provides a vasculature normalization or an increase in pericvie coating mndex by at least
10%,

wherein the composition does not decrease blood pressure by rmoore than 20% of a
baseline blood pressure measurement, and

wherein the composition increases plasma cvelic-GMP level at from 1 hour to 12
hours after admimstration to above 1.5x of a basehne plasma cyclic-GMP level, and the
baseline plasma cyclic-GMP level is an average plasma cyclic-GMP level prior to
administration of the composition or the average plasma cyclic-GMP level of a healthy

subject.

2. A method of increasing a number of cytotoxic T-cells and/or a number of
activated NK cells, comprising administering to a subject in need thereof a therapeutically
effective bolus dose of a composition comprising a long acting CNP, a very long acling
CNP, along acting CNP derivative, a very long acting CNP derivative, a long acting NPRB
agonist, a very long acting NPRB agonist, or any combination thereof,

wherein the therapeutically effective bolus dose of the composition provides an
mcrease in the number of cyiotoxic T cells and/or NK cells of at least 153% above the level
prior to adnunistration of the composition or above the level in a healthy subject,

wherein adinunistering the therapeutically effective bolus dose of the coropostiion
does not decrease blood pressure by more than 20% of a baseline blood pressure

measurement, and
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wherein the composition increases plasma cvelic-GMP level at from 1 hour 1o 12
hours after adoumstration to above 1.5x of a basehine plasma cyclic-GMP level, and the
baseline plasma cyclic-GMP level is an average plasma cvclic-GMP level prior to
administration of the composition or the average plasma cyclic-GMP level of a healthy

subject.

3 A method of Claim 1 or Claim 2, wherein

the subject has a condition (i) to (vil):

{1} a fow namber of cyiotoxic T cells,

(1)  alownumber of activated NK cells,

(1)  ahigh number of Treg cells,

{tv}  ahighlevel of expression of TGFB,

(v} a high level or expression of Foxp3,

{vi})  ahigh number of myeloid-derived suppressor cells or MDSCs,

{vit) ahghlevel or expression of BvE, or

{viii) any combination thereof, or

the subject is in need of (ix) to (xvi}:

(1x)  an increase in a number of cyiotoxic T-cells;

() an increase in activated NK cells;

{xi}  adecrease in a number of Treg cells;

{xit}  adecrease in TGF-J expression;

{xii1}  adecrease in Foxp3 expression;

(xiv} adecrease in a number of myeloid-derived suppressor cells {(MDSCs}),

{xv)a decrease in Bv8 expression, or

(xvi} any combination thereof,

wherein administering the therapeutically effective bolus dose of the composition
provides a reduction in tumor size when preseni, an increase in the number of cytotoxic T~
cells, an increase n the number of activated NK cells, a reduction in the number of Treg
cells, a decrease in the level or expression of TGFB, a decrease in the level or expression
of Foxp3, a decrease in the number of myeloid-derived suppressor cells (MDSCs), a
decrease n the level or expression of Bv8, an improvement n survival/lifespan, or a

combination thereof.
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4. A method of treating a subject of any one of Claims 1 to 3, wherein the
subject further has a low mumber of eytotoxic T cells, a low mumber of activated NK cells,
or both a low number of cytotoxic T cells and a low number of activated NK cells prior to

administering the therapeutically effective bolus dose of the composition.

5 The method of any one of Claims | to 3, wherein the long acting CNP
derivative  or the very long acting ONP  derivative comprises  U-
GLSKGCFGLKLDRIGSMSGLGC [SEQ D NO. 21, U-
GLSKGCFGLK(U)LDRIGSMSGLGC [SEQ D NO. 31,

GLSKGCFGLK(UILDRIGSMSGLGC [SEQ ID NO. 4], U-CFGLKLDRIGSxSGLGC,
where x 15 a natural or unnatural aming acid residue {SEQ 1D NO. 11}, or anv combination
thereot,
wherein:
U i1s a mosety of Formula (I) or (I}, where Formula (I) is
{aliphatic},~(X}-;
(B
wherein

aig i;

aliphatic 1s an optionally substituted Cy_54 chain (e g., an optionally
sabstituted €4 chain, an optionally sebstituted Cy;_ g chain), covalently bound to X via
a chemucal linkage, such as a carbonyl {e.g, as part of an amide or an ester hinkage), a
thioether, an ether, a thioether, a carbamate moiety, a bond, or the ke 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

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

X is a linker (YE)p-(B)y,

wherein B 1s a 1-8 amino acid residue sequence wherein each amino
acid residue 1s independently selected from 2-[2-(2-aminoethoxy)ethoxylacetic acid
residue, Gly, Ala, Leu, Ser, Arg, and Lys,

mis0, 1,2 or3;
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nis 0, 1, 2, or 3; and
the sum of wy and nis at least 1,
and Formula (1) is
{polymen) (Y )
{1
wherein
ais 1;
polvroer 15 cellulose, polviethviene glveoly (PEG), roethoxy
poly{ethyviene glvcol} (MPEG), polv{lactic-co-glycolic acid), poly{(N-vinyl pyrrolidone), or
a derivative thereof,
Y s
a 1-10 amino acid residue or peptide sequence, wherein each amino
acid residue is independently selected from lysine (K, arginine (R), glyeine (G}, alanine
{A), glutanue acid (E), and aspartic acid (D),
a non-aming acid linker comprising an ester, an amide, a thiogther,
an ether, a thiosther, a carbamate motety, or a combination thereof;
an amino acid residue~containing linker, wherein the amino acid
residue is covalently attached to {polvmer}a; or
apeptide linker different from the 1-10 amino acid residue or peptide

sequence.

6. The method of Claim 5, wherein Y is a linker (YE),,-(B),, wherem Bisa 1-
8 amino acid residue or peptide sequence wherein each amino acid residue is independently
selected from a 2-[2-(Z-aminoethoxyjethoxyviacetic acid residue, Gly, Ala, Leu, Ser, Arg,

and Lys;mis 0, 1,2, or 3 n1s 6, 1, 2, or 3; and the sum of m and n1s at least 1.

7. The method of Claim 3, wherein the long acting CNP dernivative or the very
long acting UNP derivative comprises U-GLSKGCFGLKLDRIGSMSGLGC {SEQ ID
NG, 2L U-GLSKGCFGLK(ULDRIGSMSGLGC  [SEQ D NO. 31,
GLSKGUFGLK{INLDRIGSMSGLGC [SEQ ID NO. 4], U-CFGLKLDRIGSxSGLGC,
where x is a natural or unnatural amine acid residue {SEQ IDNO. 12], or any combination

thereof, and;
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wherein:
U 15 a moiety of Formula (1), where Formula (F) 18
{aliphatic),-(X-;
(B
wherein

ais 1;

aliphatic is an optionally substituted C .04 chain{e.g., an optionally
substituted Cy,_;g chain}, covalently bound to X via a chemical linkage, such as a carbonyi
{e.2., as part of an amide or an ester linkage). a thioether, an ether, a thioether. a carbamate
maoiety, 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 carbouyl 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}, glycine (G},
alanine (A}, glutamic acid (E), and aspartic acid ()] or

X is a linker (YE)m-(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-(Z-anunoethoxy)ethoxyiacetic
acid residue, Gly, Ala, Leu. Ser, Arg, and Lys:

mis 8, 1,2, or3;

nis O, 1,2, or 3; and

the sumofmand nis at least 1.

8. The method of Claim 5, wherein X is a 4-7 amino acid sequence, whergin
each amino acid residue is independently selected from lysine (K}, argimine (R}, and
glveine (), or

¥ s a linker (YE}y~(B)y, wherein B is a 1-8 amino acid residue sequence wherein
each amino acid residue is independently selected from 2-{2-(2~aminoethoxy jethoxy facetic
acid residue, Gly, Ala, Ley, Ser, Arg. and Lys: mis 0, 1,2, or 3; 018 0, 1, 2, or 3; and the

sumof mand nisatleast 1.
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9. The method of Claim 35, wherein the long acting UNP derivative or the very
long acting CNP derivative comprises U-GLSKGCFGLKLDRIGSMSGLGC [SEQ ID
NG, 24,
wherein:
U is {aliphatic),~(X}-;
wherein
ais 1;
aliphatic i5 an opiionally substituted Cyp4 chain {e. g, an optionally
substituted C .04 chain, an optionally substituted C 5.5 chain), covalenily bound to X via
a chenucal linkage, such as a carbonyl {e.g, as part of an amide or an ester linkage}. a
thioether, an ether, a thioether, a carbamale 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 carbony! as
part of an amide linkage with X
X 15 a 1-10 amuno acid residue or peptide sequence, wherein each
aming acid residue s independently selected from lysine (K}, arginine (R}, glycine (G),
alamine (A), glutamic acid (E), and aspartic acid {D); or
X is a linker {yE),-(B}, wherein B 1s a 1-8 amino acid residue
sequence wherein each amino acid residue 15 independently selected from 2-[2-(2-
aminoethoxy yethoxylacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lvs; mis 0, 1,2, or

3:n18 0, 1, 2, or 3; and the sum of m and v is at least 1.

10, The method of Claim 5, wherein aliphatic does not coroprise a straight or
branched optionally substituted Cyo chain {e.g.. an optionally substituted Cy.5 alkyl-
C(=0)- moiety, and/or an optionally substituted C; ¢ chain that is covalently bound to the
peplide via a linkage such as a thioether, an ether, a thioether, a carbamate moiety, a bond,

or the like).

it The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative is selected from
CH(CH) i CEORKKKGGGOLSKGCFGLKLDRIGSMSGLGC {SEQ ID NO.
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CH;(CH) 1 O(=0)KKKKGGGGLSKGCFGLELDRIGSMSGLGC [SEQ 1D NO.

6l

CH3(CHy) 1 sCE0IR KKK GGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO.
EiR

CHA(CH; 1 CEOIKKKKGGGGLSKGOFGLEKLDRIGSMSGLGC [SEQ ID NO.
al;

CH3{(CHy ) C=0IKKKKGGGGLS KGCFGLKLDRIGS MSGLGC [SEQ 1D NO.

HOC(=0)YCH, ) (0(=0)-vE-Aeca-Acea-GCFGLKLDRIGS homoQSGLGC

comprising a disulfide bond between the cysteine residues {SEQ D NO. 20}; and
HOCEOKTH ;CE0)-Acca-Aeca-GUFGLEKLDRIGS homo QS GLGC

comprising a disulfide bond between the cysteine residues [SEQ 1D NG, 21

12, The method of anv one of Claims | to 3. wherein the long acting CNP
derivative 1s CH3(CH ) CEORKKKGGGGLSKGCFGLEKLDRIGSMSGLGC [SEQ ID

NO. 5.

13. The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative 1s CH3(CHp) oCEOKKEKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ 1D

NO. 6}

14, The method of anv one of Claims | to 3, wherein the long acting CNFP
derivative 1s CHy(CHy) gCEOMRKKKGGGOLSKGCFGLKLDRIGSMSGLGC [SEQ ID
NG 7}

1S The method of any one of Claims 1 to 3, wherein the long acting CNP
derivative is CH3{CH; ) CEOIKKKKGOOGLSKGUFGLKLDRIGSMSGLGE [SEQID
NO. g].

16, The method of any one of Claims 1 to 3, wherein the long acting CNP
dertvative is CH3(CHy ) CEOKKKKGGGOLSKGCEFGLKLDRIGSMSGLGC [SEG D

NO. 9],
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17 The method of any one of Claims 1 to 3, wherain the long acting CNP
derivative is HOU{(=0NCH;)16C(=0-vE-Acea-Aeea-GCFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues {SEQ 1D NO. 20]

18 The method of any one of Claims 1 to 3, wherein the long acting CNP
dertvative 15 HOCEOKCH 1 C(E=0)-Acea-Aeea-GUFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues [SEQ {D NO. 21}

19, The method of Claim §, wherein the long acting UNP derivative or the very
long acting UNP derivative comprises U-GLSKGCFGLKLDRIGSMSGLGC [SEQ ID
NGO, 2], U-GLSKGCFGLK{U)LDRIGSMSGLGC  [SEQ 1D NO. 3],
GLSKGCFGLK(UILDRIGSMSGLGC [SEQ ID NO. 4], U-CFGLKLDRIGSxSGLGC,
where x is a natural or unnatural aming acid residue [SEQ 1D NQ. 27|, or any combination
thereof’
wherein:
U is a moiety of Formula (IT), where Formula (f) is
(polymen),-(Y .
iy
wherein

ais 1;

polymer is cellulose, polv{ethylene glveoly (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 amino
acid residue 1s independently selected from lvsine (K}, arginine {R), and glvcine (G);

a non-aming acid linker comprising an esier, an amide, a thioether,
an ether, a thioether, a carbamate moiety, or a combination thereof; or

a linker (yE),,-(B),, wherein B 15 1-8 amino acid residue sequence
wheretn  each  amine  acid rtestdue 18 mdependently  selected  from  2-[2-(2-
aminoethoxy yethoxylacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lys; mis 0, 1. 2. or

3;ni80, 1,2, or 3; and the sum of m and n is at least 1.
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20 The method of Claim 19, wherein the long acting UNP derivative or the very
long acting NP derivative comprises U-GLSKGCFGLKLDRIGSMSGLGC [SEQ ID
NG, 2], U-GLSKGCFGLK(NLDRIGSMSGLGC [SEQ D NO. 3], or any combination
thereof:
wherein:
U is a mosety of Formula (1), where Formula (1) is
{polymen),~(Y)-;
1y
wherein

ais 1;

polymer is cellulose, poly(ethylene glycol) (PEG)., methoxy
polyv{ethylene glycol} (MPEG), poly(lactic-co-glveolic acid), polv(N-vinvi pyrrolidone), or
a derivative thereof;

Y is:

a 1-10 anuno acid residue or peptide sequence, wherein each anuno
acid residue is independently selected from lysine (K}, arginine (R), glycine (3}, alanine
{A}, glutamic acid (F), and aspartic acid (D)

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

an aroine acud residue-containing linker, wherein the amino acid
residue is covalently attached to (polymer)s;

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

a linker (YE),-(B}),, wherein B is 1-8 amino acid residue sequence
wheretn each amuno acid residue 1s independently selected from a 2-f2-(2-
aminoethoxy Jethoxylacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lvs; mis 0, 1, 2, or

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

2} The method of Claim 19, wherein the polymer does not include

poly{ethyiene glycol), MPEG, or both polyv{ethylene glveol) and MPEG.

22 The method of Claim 5, wherein Y is:
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a 4-10 amino acid residue or peptide sequence, wherein each amino acid residue s
independently selected from lysine (K}, arginine (R}, and glyvcine (G); or

a linker (vE)y-(B), wherein B is 1-8 amino acid residue or peptide sequence
wherein each amino acid residue 13 independently selected from 2-[2-(2-
aminoethoxy Jethoxyjacetic 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.

23, tThe method of any one of Claims { to 3, wherein the bolus dose
administration occuwrs at most twice a day and the roule of administration comprises
subcutaneous, niravenous, by inhalation, intramuscular, nasal, enteral, or any combination
thereof, or

wherein the route of admanistration is subcutaneous; or

wherein the route of adnunistration is infravenous; or

wherein the route of administration is iniramuscular; or

wherein the route of administration is by nhalation; or

wherein the route of admimstration 18 nasal; or

wherein the enteral route of administration is oral.
24, The method of any one of Claims 1 1o 3, wherein the subject has cancer.

25. The method of Claim 24, wherein the cancer is selecied from breast cancer;
boue cancer; prostate cancer; colon cancer, head cancer, neck cancer, hiver cancer, kidney
cancer, cervical cancer, lung cancer, stomach cancer, urethra cancer, bladder cancer, cancer
of the ureter, renal pelvic cancer, cancer of the rectum, esophageal cancer, cancer of the
lymph node, pancreatic cancer, stomach cancer, ovarian cancer; cancer of the central
nervous system, soft tissue cancer, endocrine gland cancer; or any combination thereof, or

wherein the subject has skin cancer; or

wherein the subject has colon cancer; or

wherein the subject has breast cancer; or

whergin the subject has bone cancer, or

wherein the subject has prostate cancer.
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26. The method of Claim 24, wherein the cancer is responsive {0 a cytotoxic

cell immuonosiimulant.

27. The method of Claim 24, wherein the cancer is selected from head and neck
cancer, skin cancer, liver cancer, kidney cancer, cervical cancer, lung cancer, breast cancer,
stornach cancer, colon cancer, lvmph node cancer, pancreatic cancer, ovary such as dMMR,

cancer of the urethra, bladder, ureters, renal pelvis, and surroundmg organs.

28. The method of Claim 25, wherein

the skin cancer comprises Merkel cell carcinoma, squamous cell carcinoma,
melanoma, or any combination thereof!

the liver cancer comprises hepatocellular carcinoma;

the kidney cancer comprises renal cell carcinoma;

the hung cancer comprises small cell or non-small cell lung carcinoma;

the breast cancer comprises friple negative breast cancer;

the stomach cancer comprises gastric cancer, adenocarcinoma of esophageal
junction, or AMMR);

the lymph node cancer comprises Hodgkin or non-Hodgkin PMBCL;

the pancreatic cancer and ovarian cancer each independent comprises dMMR; and

the cancer of the surrounding organs 1o the renal pelvic area comprises urothelial

Cancer.

29 The method of Claim 24, further comprising

administering to the subject an immune adjuvant, wherein the immune adjuvant
maodulates a toll-like receptor, or a eytotoxic cell imyunostimulant comprising therapeutic
agents or antibodies targeting an immune checkpoint protein selected from CTLA-4
{cyiotoxic T-lvmphocyte-associated protein 4), PD1 (programmed cell death protein 1 or
CD279), PD-L 1 (prograromed death-ligand 1), PD-L2 (programmed death-ligand 2}, LAG-
3 {lymphocyte-activation gene 3 protein), BTLA (B- and T-lymphocyte attenuator), B7H3
(D276, an immune checkpoint member of the B7 and CD28 families), B7H4 {a molecule

of the B7 famuly, negatively regulates T cell wwmumnity), and TIM-3 (a co-inbubitory
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receptor that is expressed on IFN-y-producing T cells); wherein the cviotoxic cell
mamuonostimulant inhibits an immune checkpoint protein; or

wherein cytotoxic cell imumunostimulant comprises an antibody or portion of an
antibody against an immune checkpoint protein, a soluble ligand of an immune checkpoint
protein, perobrolizumnab, Nivolumab, Ipiliroumab, Atezolizumab, Avelumab, Durvalumab,
Cemiplimab, tremelimumab, lambrolizumab, and/or pidilizumab; or

wherein the immune adjuvant comprises a toll-like receptor 9 agonist; or

wherein the immmune adjuvant comprises a CpG oligodeoxynucleotide.

30, The roethod of Claim 24, further comprising adnunisiering to the subject

CAR T-cells.

31 The method of any one of Claims 1 to 3, wherein the composition comprises
a long acting CNP composition or a very long acting CNP denvative composition
comprising a CNP, a NP derivative, or a long acting CNP derivative and a polvmer
excipient, the polymer excipient comprising a poly(amino acid) grafted with polyethviens
glycol, fatly acid, anionic moieties, or any combination thereof, wherein the polymer
excipient 1s adapted to sequester or non-covalently bind to any of the CNP or NP

derivatives..

32. The method of any one of Claims 1 to 3, wherein the composition comprises
a very long acting CNP derivative coroposition comprising a long acting CNP denvative
and a polymer excipient, the polymer excipient comprising a polv{amino acid} grafted with
polvethylene glveol, fatty acid, anionic moieties, or any combination thereof, and wherein
the polymer excipient is adapted to sequester or non-covalently bind to the long acting CNP

denvative.

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

agonist or the very long acting NPRB agonist comprises a polypeptide.
34, Thewethod of Claim 33, wherein the polypeptide comprises an antibody.

35 The method of 33, wherein the long acting NPRB agownst or the very long

acting NPRB agonist comprises a molecule of a molecular weight of less than 2kDa.
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36. The method of any one of Claims 1 to 3, wherein the composition does not

decrease blood pressure by more than 15% of a baseline blood pressure measurement,

37, The method of any oue of Claims | to 3, wherein the composition does not

decrease blood pressure by more than 10% of a baseline blood pressure measurement.

38, A method of treating a subject having cancer, comprising
administering to the subject in need thereof a therapeutically effective bolus dose
of a composition comprising a long acting CNP derivative or a verv long acting CNP
derivative comprising U-GLSKGUFGLKLDRIGSMSGLGC [SEQ ID NGO, 2], U-
GLSKGCFGLK{ULDRIGSMSGLGC {SEQ D NO. 34,
GLSKGCFGLK(UILDRIGSMSGLGC [SEQ ID NO. 4], U-CFGLKLDRIGSxSGLGC,
where x is a natural or unnatural amino acid residue [SEQ ID NQ. 11], or any combination
thereof,
wherein:
U is a moiety of Formulda (I} or {II}, where Formmuda (I} is
{aliphatic},~(X}-:
b
wherein
ais 1;
aliphatic is an optionally substitted C4 54 chain (e g., an optionally
substituted Cyg.p4 chain, an optionally substituted C ;5 chain), covalenily bound t0 X via
a chemucal linkage, such as a carbonyl {e.g, as part of an amide or an ester hinkage), a
thioether, an ether, a thiosther, 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 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}, glycine (G},
alanine (A}, glutamic acid (E), and aspartic acid (I3); or
¥ 1s 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 jethoxyjacetic acid residue, Gly, Ala, Leu, Ser, Arg, and Lvs; mis 0, 1, 2, or
3:nie0, 1,2, or3; and the sum of m and n 35 at least 1
and Formula (1) is
{polymen) (Y )
{1
wherein

ais 1;

polvroer 15 cellulose, polviethviene glveoly (PEG), roethoxy
poly{ethyviene glvcol} (MPEG), polv{lactic-co-glycolic acid), poly{(N-vinyl pyrrolidone), or
a derivative thereof,

Y s

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

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

an amino acid residue~containing linker, wherein the amino acid
residue is covalently attached to {polvmer}a; or

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

wherein the composition does not decrease blood pressure by more than 15% of a
baseline blood pressure measurement; and
wherein the compaosition fncreases plasma cvelic-GMP level at from | hour to 12

hours to above 1.5x of a baseline plasma cyclic-GMP level, and the baseline plasma cyclic-
GMP level 15 an average plasma cvelic-GMP level prior to admunistration of the

coroposition or the average plasma cyclic-GMP level of a healthy subject.

39. The method of Claim 38, wherein Y is a linker (yE)n-(B)n, wherein B is -
8 amino acid residue or peptide sequence wherein each amino acid residue is independently
selected from 2-{2-{2-aminoethosy jethoxyvlacetic acid residue, Gly, Ala, Ley, Ser, Arg, and

Lys;mis 0,1, 2, or 3:nis O 1, 2, or 3; and the sum of mand n s at least 1.

[}

e

W

)
]



WO 2021/252931 PCT/US2021/037061

40 The method of Claim 38 or Claim 39, wherein the long acting CNP
derivative is selected from
CHL(CH) 4 CEORK KK GGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO. 5;

CHL(CHy) s C=0KKKK GGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NO.

6k

CH3{CH,) 1 C(=0KKKKGGGGLSKGCFGLEKLDRIGSMSGLGC [SEQ ID NO.
75

CH3(CH 3o CEOIKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ ID NG,
8L

CH5(CH, ) CE0R KKK GGGGLSK GCFGLKLDRIGSMSGLGC [SEQ ID NG,
9k

HOCEONCH,) 4 C(=0)E-Asea-Acea-GCFGLKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysieine residues {SEQ ID NO. 20f; and
HOCEONHCH, ) C=0)-Acea-Acea-GCFGLKLDRIGShomoQSGLGT

comprising a disulfide bond between the cysteine residues {SEQ 1D NQ. 21}

41 The method of any one of Claims 38 {o 40, wherein the long acting UNP
dertvative is CHL(CHp) |, CEOKKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQ 1D
NG 51

42, The method of any one of Claim 38 to 40, wheren the long acting CNP
derivative 1s CHR{(CH) 1 (CE0RKKKGGGGLSKGCFGLEKLDRIGSMSGLGC [SEQ ID

NG, 6].

43, The roethod of any one of Claim 38 to 40, wherein the long acting CNP
derivative is CHa(CHy ) CEOIKKERGGGGLSKGCFGLKLDRIGSMSGLGC [SEQID

NO. 7],

44, The method of any one of Claims 38 to 40, wherein the long acting CNP
denivative is CH3(CHy )poCEORKKKOGGGOGLSKGCFGLKLDRIGSMSGLGC [SEQ D

NO. 8].
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45, The method of any one of Claims 38 to 40, wherein the long acting CNP
derivative is CH3{CH; ), CEOKKKGGGGLSKGCFGLKLDRIGSMSGLGC [SEQID

NO. 9.

46.  The method of any one of Claims 38 o 40, wherein the long acting CNP
dertvative 1s HOC(=0XCH, ) ,C{(=0)vE-Acea-Aeca-GUFGLKLDRIGShomo(QSGLGC

comprising a disulfide bond between the cystemne residues [SEQ D NO. 20}

47, The method of any one of Clairos 38 to 40, wherein the long acting CNP
derivative 18 HOCEOKCH, ) CE=0)-Acea-Acca~-GCFGLEKLDRIGShomoQSGLGC

comprising a disulfide bond between the cysteine residues {SEQ ID NQ. 21}

48, The method of any one of Claims 34 to 47, wherein the composttion
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 polvethylene glycol, fatty acid, anionic moieties, or any combination thereofl
wherein the polvmer excipient is adapted to sequester or non-covalently bind to the long

acting CNP derivative.

49, The method of any one of Claims 1 to 48, wherein the subject has a tumor
and adrinastering to the subject the therapeutically effective bolus dose of the composiiion
ncreases vasculature normalization or an increase in pericyte coating index by at least 20%

within a {umor fissue.

30, The method of any one of Claims 1 (o 49, wherein the subject has a tumor
and adnunistering to the subject the therapeutically effective bolus dose of the composition

decreases the tumor size.

St The method of any one of Claims 1 to 50, whergin the subject has a tumor
and adrinastering to the subject the therapeutically effective bolus dose of the composition

improves survival of the subject.
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52. The method of anv one of Claims 1 to 51, wherein the subject has a tumor
and administering to the subject the therapeutically effective bolus dose of the composition

increases the number of eytotoxic T-cells within the tumor.

53.  The method of any one of Claims 1 1o 52, wherein the subject has a tumor
and administering io the subject the therapeutically effective bolus dose of the composition

ncreases the number of activaled NK cells within the tumor.

54, The roethod of anv one of Claims 1 to 53, wherein the subject has a tumor
and admunistering to the subject the therapeutically effective bolus dose of the composition
increases vascular normalization within the twmor, decreases the fumor size, improves
survival, increases the number of cytotoxic T-cells within the tumor and/or increases

number of activated NK cells within the tumor.

55. A composition comprising a fong acting CINP derivative of comprising a
formula U-CFGLKLDRIGSXSGLGC [SEQ 1D NG. 30}, wherein

x is a natural or unnatural anuno acid residue. provided that ¥ 15 not a methionine
residue; and

U has 13 a moiety of Formula ()
{aliphatic),-(X}-;

iy

wherein ais 1]

aliphatic 1s an optionally substituted €4 5,4 chain {e.g., an optionally substituted Cyy.
>4 chain, an optionally subsiituted 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 thioether, an
ether, a thicether, a carbamate motety, 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 linkage with X

X is alinker (yE},~(B), wherein B is 1-8 anmuno acid residue or peptide sequence
wherein  each amino 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 n is at Teast 1.
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56. The composition of Claim 55, wherein x is homoghitamine, aliphatic is a
branched or straight optionally substituted C g chain covalently bound to X via a carbonyi
{e.g., CHa{CHy)16C{=0 or a C g 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 Cyg chain covalently
bound o X via a carbonyl (e g, CHa(CH ) 6C=0)) as part of an amide or ester linkage
with X: or yoore preferably aliphatic 15 a branched or stratght optionally substituted C g
chain covalently bound to X via a carbonyl {e. g.. CH3{(CHy)sC(=0}) as part of an amide
finkage with X, or aliphatic is HOCEOWCH)CEO) ais 1, BisGly, mis 0,1, or 24

andnis 1.

57 The composition of Claimn 53, wherein x is homoglotamine, aliphatic is a
branched or straight optionally substituted g chain covalenily bound to X via a carbonyl
{e.g., CH3(CH,};sCE=0)) or a Cyg chain covalently bound to X via a chemical hinkage,
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 Cy5 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 C g
chain covalently bound to X via a carbonvi {e.g., CH3{CH;33,C(=0}} as part of an ammde
finkage with X, or aliphatic 18 HOCEONCH)1,CECY); ats L BisGly, mis Handnis
i

58. The composition of Claim S8, wherein x is homoghitamine, aliphatic is a
branched or straight optionally substituted Cg chain covalently bound to X via a carbonyl
{e.z., CH3{CH)15C(=0) or a €5 cham covalently bound to X via a chemical linkage,
such a thiosther, an cther, 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., CH(CH, ) ,C(=0)} as part of an anide 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., CH3(CH,) 1 cC(=0)) as part of an amide

Hinkage with X, or aliphatic 15 HOC(=0XCH}1,CE=EM ans hmis L and o is O
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59. The composition of Claim 55, wherein x is homoglutamine (homoQ) [SEQ
{0 NO. 16, U s (aliphatic),~(X)-; wherein a 15 0 or 1 (preferably a1s 1), aliphatic 15 a
branched or straight optionally substituted Cg chain covalently bound to X via a carbonyl
{e.g., CH3{(CH,)cC(=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 hike with X
preferably aliphatic is a branched or straight optionally substituted Cg chain covalently
bound {0 X via a carbony! {e.g., CH3(CH 1 s C(=0)) as part of an amide or ester linkage
with X; or more preferably aliphatic is a branched or straight optionally substitited Cig

chain covalently bound to X via a carbonyl {e.g., CHy{(CH,) 1 5C(=0)) as part of an amide

[2-(2-amunoethoxy jethoxyjacetic acid residue, mis O, and nis 2.

60, The composition of Claim 55, wherein ¥ is homoglutamine (homoQ) [SEGQ
iD NO. 17}, U is {aliphatic)a-{X)-; wherein a is 0 or 1 {preferably a ts 1}; aliphatic is a
branched or straight optionally substituted Cg chain covalently bound to X via a carbonyi
{e.g., CHa{CH;)14C(=01) or a C g chain covalently bound to X via a chemical linkage,
such a thioether, an cther, a thioether, a carbamate moiety, a bond, or the like with X
preferably aliphatic is a branched or siraight optionally substituted Cg chain covalently
bound to X via a carbonyl {e.g., CH1(CH;)16C(=0}) as part of an amide or ester linkage
with X or more preferably aliphatic is a branched or straight optionally substiiuted Cig
chain covalently bound to X via a carbonyl {e. 2., CH5(CH)15C(=0)) as part of an anude
linkage with X, or aliphatic 1s HOC(=0}CH; 31 ,C(=0)}; X 15 a linker (vE)u-(Ba, B is 2-
1 2-(Z-aminoethoxyyethoxy {acetic acid residue, mis |, andnis 2.

61 The composition of Claim 35, wherein x is homoglutamine, aliphatic is a
CH3{CH, ) C(=0) or HOUEOHTCHL) C=0); B is a 2-{2-(2-aminoethoxy Jethoxy jacetic
acid residue, mis O, and nis 2.

62. The composition of Claim 55, wherein x is homoglutanune, aliphatic 15 a
CH{CHy3,C(=0) or HOCEOHCH, 114C(=0); B is a 2-{2-(2-anunoethoxy Jethoxy jacetic

acid residue, mis 1, and nis 2.
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63. The composition of Claim 55, wherein x is homoghitamine, aliphatic is a
CHA(CH; )1, C(=0) or HOC(=O0WCH 3, C(=0): B is (2-{2-(2-anunoethoxy yethoxy jacetic

acidp~-(2-{2-(2-anunoethoxyethoxylacetic acid)-(Gly), mis I, andnis L.

64, The composition of Claim 35, wherem the long acting CNP derivative is
HOC{EOKCH) 1 C(=0)-vE-Acea-Acea-GCFGLKLDRIGShomoQSGLGC with  a
disutfide bond between the cysteine residues [SEQ 13 NO. 201

65, The composition of Claim 55, wherein the long acting CNP derivative is
HOC(E=0)CHY 160 =0 Acea-Acea-GCFGLKLDRIGShomoQSGLGC with a disulfide

bond between the cysteine residues [SEQ ID NO. 21}
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