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COMBINATION THERAPIES FOR TREATMENT OF LIVER DISEASES

SEQUENCE LISTING

[0001] The instant application contains a Sequence Listing which has been submitted
electronically in ASCII format and is hereby incorporated by reference in its entirety. Said ASCII
copy, created on June 4, 2021, is named 0098-0076PR1_SL.txt and is 60,642 bytes in size.

FIELD OF THE DISCLOSURE

[0002] The present disclosure provides a method of treating a liver disease in a subject,
comprising administering to the subject: i) an inhibitor of patatin like phospholipase domain
containing 3 (PNPLA3) expression; and ii) an agonist of glucagon receptor and/or glucagon-like
peptide-1 (GLP-1) receptor. Also provided are pharmaceutical and kits comprising 1) an inhibitor

of PNPLA3 expression; and i1) an agonist of glucagon receptor and/or GLP-1 receptor.
BACKGROUND

[0003] Incidence of liver disease is increasing worldwide, particularly in Western nations.
Particularly common is non-alcoholic fatty liver disease (NAFLD). NAFLD covers a spectrum of
liver disease from steatosis to nonalcoholic steatohepatitis (NASH) and cirrhosis. NAFLD is
defined as fat accumulation in the liver exceeding 5% by weight, in the absence of significant
alcohol consumption, steatogenic medication, or hereditary disorders (Kotronen et al, Arterioscler

Thromb. Vasc. Biol. 2008, 28: 27-38).

[0004] Non-alcoholic steatohepatitis (NASH) is NAFLD with signs of inflammation and hepatic
injury. NASH is defined histologically by macrovesicular steatosis, hepatocellular ballooning, and
lobular inflammatory infiltrates (Sanyal, Hepatol. Res. 2011. 41: 670-4). NASH is estimated to
affect 2-3% of the general population. In the presence of other pathologies, such as obesity or
diabetes, the estimated prevalence increases to 7% and 62% respectively (Hashimoto et al, J.

Gastroenterol. 2011. 46(1): 63-69).

[0005] PNPLA3 1s a 481 amino acid member of the patatin-like phospholipase domain-
containing family that is expressed in the ER and on lipid droplets. In humans, PNPLA3 is highly
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expressed in the liver, whereas adipose tissue expression is five-fold less (Huang et al, Proc. Natl.

Acad. Sci. USA 2010. 107: 7892-7).

[0006] Glucagon and glucagon-like peptide-1 (GLP-1) derive from pre-proglucagon, a 158
amino acid precursor polypeptide that is differentially proteolytically processed in tissues to form
a number of different proglucagon-derived peptides, including glucagon, glucagon-like peptide-1
(GLP-1), glucagon-like peptide-2 (GLP-2) and oxyntomodulin (OXM), that are involved in a wide
variety of physiological functions, including glucose homeostasis, insulin secretion, gastric
emptying, and intestinal growth, as well as the regulation of food intake. Glucagon is a 29-amino
acid peptide that corresponds to amino acids 33 through 61 of proglucagon (53 to 81 of
preproglucagon), while GLP-1 is produced as a 37-amino acid peptide that corresponds to amino
acids 72 through 108 of proglucagon (92 to 128 of preproglucagon). GLP-1(7-36) amide or GLP-
1(7-37) acid are biologically active forms of GLP-1, that demonstrate essentially equivalent

activity at the GLP-1 receptor.

[0007] Glucagon is produced by the endocrine pancreas and activates the glucagon receptor
(“GCGR”). Glucagon acts in the liver to raise blood glucose via gluconeogenesis and
glycogenolysis. When blood glucose begins to fall, glucagon signals the liver to break down
glycogen and release glucose and stimulates production of glucose, causing blood glucose levels
to rise toward a normal level. Glucagon has also been shown to increase energy expenditure,
increase ketone body production, inhibit lipogenesis and promote fatty acid oxidation, delay
gastric emptying and suppress appetite (Miiller et al, Proc. Intl. Journal of Molecular Sciences

2020. 21(2): 383) (Boland et al., Nat Metab., 2020. 2(5): 413-431).

[0008] GLP-1 has different biological activities compared to glucagon. It is secreted from gut L
cells and binds to the GLP-1 receptor. Its activities include potentiation of insulin secretion via the
mcretin effect, inhibition of glucagon secretion, and inhibition of food intake. Both glucagon and
GLP-1, acting as agonists at their respective receptors, have been shown to be effective in weight
loss. Certain GLP-1 analogs are being sold or are in development for treatment of obesity
including, e.g., Liraglutide (VICTOZA® from Novo Nordisk) and Exenatide (Byetta® from
AstraZeneca AB).

SUMMARY OF THE DISCLOSURE
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[0009] The present disclosure is directed to a method of treating a liver disease in a subject,
comprising administering to the subject: 1) an inhibitor of patatin like phospholipase domain
containing 3 (PNPLA3) expression; and i1) an agonist of glucagon receptor and/or glucagon-like

peptide-1 (GLP-1) receptor.

[0010] In some embodiments, the inhibitor of PNPLA3 expression is an antisense
oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLA3. In some
embodiments, the antisense oligonucleotide is complementary to a site within nucleotides 5567-
5731 of the nucleic acid encoding PNPLA3. In some embodiments, the antisense oligonucleotide
1s complementary to a site within nucleotides 5644-5731 of the nucleic acid encoding PNPLA3.
In some embodiments, the antisense oligonucleotide is complementary to a site within nucleotides
5567-5642 of the nucleic acid encoding PNPLA3. In some embodiments, the antisense
oligonucleotide is complementary to a site within nucleotides 5567-5620 of the nucleic acid
encoding PNPLA3. In some embodiments, the nucleic acid encoding PNPLA3 is an mRNA. In
some embodiments, the antisense oligonucleotide is from 12 to 30 nucleosides in length. In some

embodiments, the antisense oligonucleotide is from 16 to 30 nucleosides in length.

[0011] In some embodiments, the antisense oligonucleotide comprises one or more modified
sugar moieties. In some embodiments, the one or more modified sugar moieties are 2'-deoxy, 2'-
O-methyl, 2'-O-methoxymethyl, 2'-O-methoxyethyl, 2'-fluoro, 4'-CH(CH3)-0O-2', 4'-CH2-0O-2/,
4'-(CH2)2-0-2' or combinations thereof. In some embodiments, the antisense oligonucleotide
comprises one or more modified bases. In some embodiments, the one or more modified bases are
5-methylcytosine. In some embodiments, every cytosine in the antisense oligonucleotide is
S'methylcytosine. In some embodiments, the antisense oligonucleotide comprises one or more
non-natural internucleoside linkages. In some embodiments, the one or more internucleoside
linkages are phosphorothioate linkages. In some embodiments, every internucleoside linkage is a

phosphorothioate linkage.

[0012] Insomeembodiments, the antisense oligonucleotide comprises a sequence having at least
8 contiguous bases of any one of SEQ ID NOs: 2, 3,4, 5, 6,7, 8, 9 and 10. In some embodiments,
the antisense oligonucleotide comprises one of SEQ ID Nos: 2, 3,4, 5, 6,7, 8, 9 and 10. In some

embodiments, the antisense oligonucleotide comprises: a) a gap segment consisting of ten linked
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deoxynucleosides; b) a 5’ wing segment consisting of three linked nucleosides; and ¢) a 3’ wing
segment consisting of three linked nucleosides; wherein the gap segment is positioned between
the 5’ wing segment and the 3’ wing segment, wherein each nucleoside of each wing segment
comprises a constrained ethyl sugar, wherein each internucleoside linkage is a phosphorothioate

linkage, and wherein each cytosine is a 5-methylcytosine.

[0013] In some embodiments, the inhibitor of the PNPLA3 expression further comprises a

conjugate group.

[0014] In some embodiments, the agonist of glucagon receptor and/or GLP-1 receptor is a

peptide. In some embodiments, the peptide comprises the amino acid sequence:

HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30 (SEQ ID
NO:25)

wherein,

(1)X2is S, X10is Y, X12is K, X13 is K, X15is D, X16is S, X17 is E, X18 is R, X20 is
R, X21isD, X23is V, X24 is A, X27 is V, X28 is A, and X30 is G (SEQ ID NO: 14);

(2)X21is S, X10is K, X12is E, X13 is Y, X15is D, X16is S, X17 is E, X18 is R, X20 is
R, X21isD, X23is V, X24 is A, X27 is E, X28 is A, and X30 is G (SEQ ID NO: 15);

(3)X2is S, X10is K, X12is K, X13is Y, X15is E, X16 is G, X17 is Q, X18 is A, X20 is
K, X21isE, X23is I, X24 is A, X27 is E, X28 is K, and X30 is R (SEQ ID NO: 20);

@D X218, X101sK, X121 S, X131s Y, X151s D, X161s S, X171s R, X18 15 S, X20 1s
R, X211sD,X231s V,X241s A, X27 is E, X28 1s A, and X30 1s G (SEQ ID NO: 18);

0) X218, X101sK, X121sE, X131s Y, X151s D, X161s S, X171s E, X18 1s R, X20 15
R, X211isD,X231sV, X24is A, X27 is E, X28 is A, and X30 i1s G (SEQ ID NO: 33); or

(6)X21s §,X10is K, X121s §, X131s Y, X151s D, X161s S, X17is R, X18 is R, X20 is
R, X211sD,X231sV,X241s A, X271s E, X281s A, and X30 1s G (SEQ ID NO:19).
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[0015] In some embodiments, the peptide comprises the amino acid sequence

HSQGTFTSDKSEYLDSERARDFVAWLEAGG (SEQ ID NO: 33).

[0016] In some embodiments, the peptide further comprises a modification to an amino acid in
the amino acid sequence. In some embodiments, the modification is the addition of an acyl moiety.
In some embodiments, the modification is a palmitoyl moiety on the N(epsilon) group of a lysine
residue. In some embodiments, the palmitoyl group is linked to the lysine via a linker. In some
embodiments, the linker is gamma glutamic acid. In at least one embodiment, the peptide is
HSQGTFTSDKSEYLDSERARDFVAWLEAGG (SEQ ID NO: 33), wherein the lysine is

modified with a palmitoyl moiety via a glutamic acid linker.

[0017] In some embodiments, the inhibitor of PNPLA3 expression and the agonist of glucagon
receptor and/or GLP-1 receptor are administered concomitantly. In some embodiments, the
mhibitor of PNPLA3 expression and the agonist of glucagon receptor and/or GLP-1 receptor are
administered within 1 hour of one another. In some embodiments, the inhibitor of PNPLA3
expression and the agonist of glucagon receptor and/or GLP-1 receptor are administered within 24
hours of one another. In some embodiments, the inhibitor of PNPLA3 expression and the agonist
of glucagon receptor and/or GLP-1 receptor are administered within 72 hours of one another. In
some embodiments, the inhibitor of PNPLA3 expression and the agonist of glucagon receptor
and/or GLP-1 receptor are administered within one week of one another. In some embodiments,
the inhibitor of PNPLLA3 expression and the agonist of glucagon receptor and/or GLP-1 receptor
are administered within two weeks of one another. In some embodiments, the inhibitor of PNPLA3
expression is administered parenterally. In some embodiments, the inhibitor of PNPLA3
expression is administered daily, twice daily or three times daily. In some embodiments, inhibitor
of PNPLA3 expression is administered weekly, twice weekly or three times weekly. In some
embodiments, the inhibitor of PNPLA3 expression is administered monthly, twice monthly or

three times monthly.

[0018] In some embodiments, the agonist of glucagon receptor and/or GLP-1 receptor is
administered parenterally. In some embodiments, the agonist of glucagon receptor and/or GLP-1
receptor is administered daily, twice daily or three times daily. In some embodiments, the agonist

of glucagon receptor and/or GLP-1 receptor is administered weekly, twice weekly or three times
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weekly. In some embodiments, the agonist of glucagon receptor and/or GLP-1 receptor is

administered monthly, twice monthly or three times monthly.

[0019] In some embodiments, the subject is obese and/or has type 2 diabetes mellitus. In some
embodiments, the liver disease is non-alcoholic fatty liver disease (NAFLD). In some
embodiments, the liver disease is nonalcoholic steatohepatitis (NASH). In some embodiments, the

liver disease 1s liver fibrosis and/or cirrhosis.

[0020] In some embodiments, the disclosure is directed to a method of reducing steatosis in the
liver of a subject having a liver disease, comprising administering to the subject: 1) an inhibitor of
patatin like phospholipase domain containing 3 (PNPLA3) expression; and 11) an agonist of
glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor.

[0021] In some embodiments, the total liver steatosis is reduced in the subject compared to total
liver steatosis when the inhibitor of PNPLLA3 expression or the agonist of glucagon receptor GLP-1
receptor is administered alone. In some embodiments, the total liver steatosis is reduced in the
subject at least 30% compared to total liver steatosis when the inhibitor of PNPLA3 expression or
the agonist of glucagon receptor GLP-1 receptor is administered alone. In some embodiments, the
total liver steatosis is reduced in the subject at least 30% compared to total liver steatosis when the
mnhibitor of PNPLA3 expression or the agonist of glucagon receptor GLP-1 receptor is
administered alone. In some embodiments, the liver disease is non-alcoholic fatty liver disease
(NAFLD). In some embodiments, the liver disease is nonalcoholic steatohepatitis. In some

embodiments, the liver disease 1s liver fibrosis.

[0022] In some embodiments, the disclosure provides a method of reducing inflammation in the
liver of a subject having a nonalcoholic fatty liver disease (NAFLD), comprising administering to
the subject: i) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3)
expression; and 1i1) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1)
receptor. In some embodiments, the inflammation in the liver is reduced in the subject at least
50% compared to inflammation in the liver when the inhibitor of PNPLA3 expression or the

agonist of glucagon receptor GLP-1 receptor i1s administered alone.
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[0023] In some embodiments, the disclosure provides a method of reducing liver collagen in a
subject having a liver disease, comprising administering to the subject: 1) an inhibitor of patatin
like phospholipase domain containing 3 (PNPLA3) expression; and ii) an agonist of glucagon
receptor and/or glucagon-like peptide-1 (GLP-1) receptor. In some embodiments, the liver
collagen is reduced in the subject at least 25% compared to liver collagen when the inhibitor of

PNPLAS3 expression or the agonist of glucagon receptor GLP-1 receptor is administered alone.

[0024] In some embodiments, the disclosure provides a pharmaceutically acceptable
composition comprising: 1) an inhibitor of patatin like phospholipase domain containing 3
(PNPLA3) expression; i1) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-
1) receptor; and iii) at least one pharmaceutically acceptable excipient. In some embodiments, the

composition is formulated for parenteral administration.

[0025] In some embodiments, the disclosure provides a kit comprising: 1) an inhibitor of patatin
like phospholipase domain containing 3 (PNPLA3) expression; and ii) an agonist of glucagon
receptor and/or glucagon-like peptide-1 (GLP-1) receptor.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] The following drawings form part of the present specification and are included to further

demonstrate exemplary embodiments of certain aspects of the present disclosure.

[0027] Figure 1A shows plots of percent body weight change for homozygous Pnpla3!#MM
knock-in mice fed a NASH inducing diet for 36 weeks and treated with dosed with either 1) control
ASO + saline, 2) Pnpla3 ASO + saline, 3) control ASO + Cotadutide, or 4) Pnpla3 ASO +
Cotadutide for 14 weeks as described in Example 1. Figure 1B shows plots of liver mPnpla3

mRNA concentrations for the same mice, measured as described in Example 1.

[0028] Figure 2 shows plots of total liver steatosis (2A), macrovesicular steatosis (2B) and
microvesicular steatosis (2C) measured from stained liver sections taken from the mice described
above for Figure 1A and in Example 1. Figure 2D shows images of the stained sections, with the

percentage of total lipid droplets per area provided for each section.

[0029] Figure 3A shows plots of the percentage of liver macrophages measured for liver sections
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taken from the mice described above for Figure 1A and in Example 1. Figure 3B shows plots of
the inflammation scores for livers obtained from the mice described above for Figure 1A and in

Example 1.

[0030] Figure 4 shows plots of the NAFLD activity score (NAS) calculated as described in

Example 1, for the mice described above for Figure 1A and in Example 1.

[0031] Figure 5 shows plots of the percentage of liver collagen A1A in liver sections taken from
the mice described above for Figure 1A and in Example 1. Liver collagen is measured as described

in Example 1.
DETAILED DESCRIPTION OF THE DISCLOSURE

[0032] The present disclosure provides a method of treating liver disease, e.g., NASH and or
NAFLD. In some embodiments, the disclosure provides a method of treating a liver disease in a
subject, comprising administering to the subject: 1) an inhibitor of patatin like phospholipase
domain containing 3 (PNPLA3) expression; and 11) an agonist of glucagon receptor and/or

glucagon-like peptide-1 (GLP-1) receptor.

Definitions

[0033] Unless otherwise indicated, the following terms have the following meanings:

[0034] Throughout this application, the term “about” is used to indicate that a value includes the
inherent vanation of error for the method/device being employed to determine the value, or the
variation that exists among the study subjects. Typically, the term “about” is meant to encompass
approximately or less than 1%, 2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 11%, 12%, 13%, 14%,
15%, 16%, 17%, 18%, 19% or 20% or higher variability, depending on the situation. In
embodiments, one of skill in the art will understand the level of variability indicated by the term
“about,” due to the context in which it is used herein. It should also be understood that use of the

term “about” also includes the specifically recited value.

[0035] The use of the term “or” in the claims is used to mean “and/or,” unless explicitly indicated
to refer only to alternatives or the alternatives are mutually exclusive, although the disclosure

supports a definition that refers to only alternatives and “and/or.”
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[0036] As used herein, “between” is a range inclusive of the ends of the range. For example, a
number between x and y explicitly includes the numbers x and y, and any numbers that fall within

xandy.

[0037] "2'-deoxynucleoside" means a nucleoside comprising 2'-H(H) furanosyl sugar moiety, as
found in naturally occurring deoxyribonucleic acids (DNA). In certain embodiments, a 2'-
deoxynucleoside may comprise a modified nucleobase or may comprise an RNA nucleobase

(uracil).

[0038] "2'-O-methoxyethyl" (also 2'-MOE) refers to a 2'-O(CHz)2--OCH3) in the place of the 2'-
-OH group of a ribosyl ring. A 2'-O-methoxyethyl modified sugar is a modified sugar.

[0039] "2-MOE nucleoside" (also 2'-O-methoxyethyl nucleoside) means a nucleoside
comprising a 2'-MOE modified sugar moiety.

[0040] "2'-substituted nucleoside" or "2-modified nucleoside" means a nucleoside comprising a
2'-substituted or 2'-modified sugar moiety. As used herein, "2'-substituted" or "2-modified" in
reference to a sugar moiety means a sugar moiety comprising at least one 2'-substituent group

other than H or OH.

[0041] "3'target site" refers to the nucleotide of a target nucleic acid which is complementary to

the 3'-most nucleotide of a particular compound.

[0042] "5 target site" refers to the nucleotide of a target nucleic acid which 1s complementary to

the 5'-most nucleotide of a particular compound.
[0043] "S-methylcytosine" means a cytosine with a methyl group attached to the 5 position.

[0044] "Administration” or "administering" refers to routes of introducing a compound or
composition provided herein to an individual to perform its intended function. An example of a
route of administration that can be used includes, but is not limited to parenteral administration,

such as subcutaneous, intravenous, or intramuscular injection or infusion.

[0045] "Administered concomitantly" or "co-administration" means administration of two or

more compounds in any manner in which the pharmacological effects of both are manifest in the
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patient. Concomitant administration does not require that both compounds be administered in a
single pharmaceutical composition, in the same dosage form, by the same route of administration,
or at the same time. The effects of both compounds need not manifest themselves at the same time.
The effects need only be overlapping for a period of time and need not be coextensive.
Concomitant administration or co-administration encompasses administration in parallel or

sequentially.

[0046] "Amelioration" refers to an improvement or lessening of at least one indicator, sign, or
symptom of an associated disease, disorder, or condition. In certain embodiments, amelioration
includes a delay or slowing in the progression or severity of one or more indicators of a condition
or disease. The progression or severity of indicators may be determined by subjective or objective

measures, which are known to those skilled in the art.

[0047] "Animal" refers to a human or non-human animal, including, but not limited to, mice,
rats, rabbits, dogs, cats, pigs, and non-human primates, including, but not limited to, monkeys and

chimpanzees.

[0048] "Antisense compound" means a compound comprising an oligonucleotide and optionally
one or more additional features, such as a conjugate group or terminal group. Examples of
antisense compounds include single-stranded and double-stranded compounds, such as,

oligonucleotides, ribozymes, siRNAs, shRNAs, ssRNAs, and occupancy-based compounds.

[0049] "Antisense oligonucleotide" means an oligonucleotide having a nucleobase sequence that
is complementary to a target nucleic acid or region or segment thereof. In certain embodiments,
an antisense oligonucleotide is specifically hybridizable to a target nucleic acid or region or

segment thereof.

[0050] "cEt" or "constrained ethyl" means a ribosyl bicyclic sugar moiety wherein the second
ring of the bicyclic sugar is formed via a bridge connecting the 4'-carbon and the 2'-carbon, wherein
the bridge has the formula: 4'-CH(CH3)-0-2', and wherein the methyl group of the bridge 1s in the

S configuration.

[0051] "cEtnucleoside" means a nucleoside comprising a cEt modified sugar moiety.
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[0052] "Chemical modification" in a compound describes the substitutions or changes through
chemical reaction, of any of the units in the compound relative to the original state of such unit.
"Modified nucleoside" means a nucleoside having, independently, a modified sugar moiety and/or
modified nucleobase. "Modified oligonucleotide" means an oligonucleotide comprising at least

one modified internucleoside linkage, a modified sugar, and/or a modified nucleobase.

[0053] "Chemically distinct region" refers to a region of a compound that is in some way
chemically different than another region of the same compound. For example, a region having 2'-
O-methoxyethyl nucleotides is chemically distinct from a region having nucleotides without 2'-O-

methoxyethyl modifications.

[0054] "Chimeric antisense compounds" means antisense compounds that have at least 2

chemically distinct regions, each position having a plurality of subunits.

[0055] "Conjugate group" means a group of atoms that is attached to an oligonucleotide.
Conjugate groups include a conjugate moiety and a conjugate linker that attaches the conjugate

moiety to the oligonucleotide.

[0056] "Conjugate linker" means a group of atoms comprising at least one bond that connects a

conjugate moiety to an oligonucleotide.

[0057] "Conjugate moiety" means a group of atoms that is attached to an oligonucleotide via a

conjugate linker.

[0058] "Contiguous" in the context of an oligonucleotide refers to nucleosides, nucleobases,
sugar moieties, or internucleoside linkages that are immediately adjacent to each other. For
example, "contiguous nucleobases" means nucleobases that are immediately adjacent to each other

in a sequence.

[0059] "Dose" means a specified quantity of a compound or pharmaceutical agent provided in a
single administration, or in a specified time period. In certain embodiments, a dose may be
administered in two or more boluses, tablets, or injections. For example, in certain embodiments,
where subcutaneous administration is desired, the desired dose may require a volume not easily

accommodated by a single injection. In such embodiments, two or more injections may be used to
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achieve the desired dose. In certain embodiments, a dose may be administered in two or more
injections to minimize injection site reaction in an individual. In other embodiments, the compound
or pharmaceutical agent is administered by infusion over an extended period of time or
continuously. Doses may be stated as the amount of pharmaceutical agent per hour, day, week or

month.

[0060] "Dosing regimen" is a combination of doses designed to achieve one or more desired

effects.

[0061] "Effective amount” means the amount of compound sufficient to effectuate a desired
physiological outcome 1n an individual in need of the compound. The effective amount may vary
among individuals depending on the health and physical condition of the individual to be treated,
the taxonomic group of the individuals to be treated, the formulation of the composition,

assessment of the individual's medical condition, and other relevant factors.

[0062] "Gapmer" means an oligonucleotide comprising an internal region having a plurality of
nucleosides that support RNase H cleavage positioned between external regions having one or
more nucleosides, wherein the nucleosides comprising the internal region are chemically distinct
from the nucleoside or nucleosides comprising the external regions. The internal region may be

referred to as the "gap" and the external regions may be referred to as the "wings."

[0063] "Immediately adjacent” means there are no intervening elements between the
immediately adjacent elements of the same kind (e.g., no intervening nucleobases between the

immediately adjacent nucleobases).

[0064] '"Internucleoside linkage" means a group or bond that forms a covalent linkage between
adjacent nucleosides in an oligonucleotide. "Modified internucleoside linkage" means any
internucleoside linkage other than a naturally occurring, phosphate internucleoside linkage. Non-

phosphate linkages are referred to herein as modified internucleoside linkages.

[0065] "Linker-nucleoside” means a nucleoside that links an oligonucleotide to a conjugate
moiety. Linker-nucleosides are located within the conjugate linker of a compound. Linker-
nucleosides are not considered part of the oligonucleotide portion of a compound even if they are

contiguous with the oligonucleotide.
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[0066] "Mismatch" or "non-complementary" means a nucleobase of a first oligonucleotide that
1s not complementary to the corresponding nucleobase of a second oligonucleotide or target
nucleic acid when the first and second oligonucleotides are aligned. For example, nucleobases
including but not limited to a umversal nucleobase, nosine, and hypoxanthine, are capable of
hybridizing with at least one nucleobase but are still mismatched or non-complementary with
respect to nucleobase to which it hybridized. As another example, a nucleobase of a first
oligonucleotide that is not capable of hybridizing to the corresponding nucleobase of a second
oligonucleotide or target nucleic acid when the first and second oligonucleotides are aligned is a

mismatch or non-complementary nucleobase.

[0067] "Modulating" refers to changing or adjusting a feature in a cell, tissue, organ or organism.
For example, modulating PNPLLA3 RNA can mean to increase or decrease the level of PNPLA3
RNA and/or PNPLAS3 protein in a cell, tissue, organ or organism. A "modulator” effects the change
in the cell, tissue, organ or organism. For example, a PNPLA3 compound can be a modulator that
decreases the amount of PNPLA3 RNA and/or PNPLA3 protein in a cell, tissue, organ or

organism.
[0068] "MOE" means methoxyethyl.

[0069] "Non-bicyclic modified sugar" or "non-bicyclic modified sugar moiety" means a
modified sugar moiety that comprises a modification, such as a substituent, that does not form a

bridge between two atoms of the sugar to form a second ring,

[0070] "Oligomeric compound" means a compound comprising a single oligonucleotide and

optionally one or more additional features, such as a conjugate group or terminal group.

[0071] "Oligonucleotide" means a polymer of linked nucleosides each of which can be modified
or unmodified, independent one from another. Unless otherwise indicated, oligonucleotides
consist of 8-80 linked nucleosides. "Modified oligonucleotide" means an oligonucleotide, wherein
at least one sugar, nucleobase, or internucleoside linkage 1s modified. "Unmodified
oligonucleotide" means an oligonucleotide that does not comprise any sugar, nucleobase, or

internucleoside modification.

[0072] "Phosphorothioate linkage" means a modified phosphate linkage in which one of the non-
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bridging oxygen atoms is replaced with a sulfur atom. A phosphorothioate internucleoside linkage

1s a modified internucleoside linkage.

[0073] "Portion" means a defined number of contiguous (i.e., linked) nucleobases of a nucleic
acid. In certain embodiments, a portion is a defined number of contiguous nucleobases of a target
nucleic acid. In certain embodiments, a portion is a defined number of contiguous nucleobases of

an oligomeric compound.

[0074] "RefSeq No." 1s a unique combination of letters and numbers assigned to a sequence to
indicate the sequence is for a particular target transcript (e.g., target gene). Such sequence and
information about the target gene (collectively, the gene record) can be found in a genetic sequence
database. Genetic sequence databases include the NCBI Reference Sequence database, GenBank,
the European Nucleotide Archive, and the DNA Data Bank of Japan (the latter three forming the
International Nucleotide Sequence Database Collaboration or INSDC).

[0075] "RNAicompound" means an antisense compound that acts, at least in part, through RISC
or Ago2, but not through RNase H, to modulate a target nucleic acid and/or protein encoded by a
target nucleic acid. RNAi compounds include, but are not limited to double-stranded siRNA,
single-stranded RNA (ssRNA), and microRNA, including microRNA mimics.

[0076] "Sugar moiety" means an unmodified sugar moiety or a modified sugar moiety.
"Unmodified sugar moiety" or "unmodified sugar" means a 2'-OH(H) ribosyl moiety, as found in
RNA (an "unmodified RNA sugar moiety"), or a 2'-H(H) moiety, as found in DNA (an
"unmodified DNA sugar moiety"). "Modified sugar moiety" or "modified sugar" means a modified
furanosyl sugar moiety or a sugar surrogate. "Modified furanosyl sugar moiety" means a furanosyl
sugar comprising a non-hydrogen substituent in place of at least one hydrogen or hydroxyl of an
unmodified sugar moiety. In certain embodiments, a modified furanosyl sugar moiety is a 2'-
substituted sugar moiety. Such modified furanosyl sugar moieties include bicyclic sugars and non-

bicyclic sugars.

[0077] "Sugar surrogate" means a modified sugar moiety having other than a furanosyl moiety
that can link a nucleobase to another group, such as an internucleoside linkage, conjugate group,

or terminal group in an oligonucleotide. Modified nucleosides comprising sugar surrogates can be
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incorporated into one or more positions within an oligonucleotide and such oligonucleotides are

capable of hybridizing to complementary compounds or nucleic acids.

[0078] "Therapeutically effective amount” means an amount of a compound, pharmaceutical

agent, or composition that provides a therapeutic benefit to an individual.

[0079] As used herein, the term "polypeptide" s intended to encompass a singular "polypeptide"
as well as plural "polypeptides," and comprises any chain or chains of two or more amino acids.
Thus, as used herein, a "peptide," a "peptide subunit," a "protein," an "amino acid chain," an
"amino acid sequence," or any other term used to refer to a chain or chains of two or more amino
acids, are mncluded in the definition of a "polypeptide," even though each of these terms can have
a more specific meaning. The term "polypeptide" can be used instead of, or interchangeably with
any of these terms. The term further includes polypeptides which have undergone post-
translational or post-synthesis modifications, for example, glycosylation, acetylation,
phosphorylation, amidation, derivatization by known protecting/blocking groups, proteolytic

cleavage, or modification by non-naturally occurring amino acids.

[0080] The term "sequence identity" as used herein refers to a relationship between two or more
polynucleotide sequences or between two or more polypeptide sequences. When a position in one
sequence is occupied by the same nucleic acid base or amino acid in the corresponding position of
the comparator sequence, the sequences are said to be "identical” at that position. The percentage
"sequence identity" is calculated by determining the number of positions at which the identical
nucleic acid base or amino acid occurs in both sequences to yield the number of "identical"
positions. The number of "identical" positions is then divided by the total number of positions in
the comparison window and multiplied by 100 to yield the percentage of "sequence identity."
Percentage of "sequence identity" is determined by comparing two optimally aligned sequences
over a comparison window. In order to optimally align sequences for comparison, the portion of a
polynucleotide or polypeptide sequence in the comparison window can comprise additions or
deletions termed gaps while the reference sequence is kept constant. An optimal alignment is that
alignment which, even with gaps, produces the greatest possible number of "identical" positions
between the reference and comparator sequences. Percentage "sequence identity" between two

sequences can be determined using the version of the program "BLAST 2 Sequences" which was
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available from the National Center for Biotechnology Information as of Sep. 1, 2004, which
program incorporates the programs BLASTN (for nucleotide sequence comparison) and BLASTP
(for polypeptide sequence comparison), which programs are based on the algorithm of Karlin and
Altschul (Proc. Natl. Acad. Sci. USA 90(12):5873-5877, 1993). When utilizing "BLAST 2
Sequences," parameters that were default parameters as of Sep. 1, 2004, can be used for word size
(3), open gap penalty (11), extension gap penalty (1), gap drop-off (50), expect value (10), and any

other required parameter including but not limited to matrix option.
PNPILA3

[0081] In some embodiments, the disclosure provides a method of treating a liver disease by
administering a PNPLA3 inhibitor. PNPLA3 is a 481 amino acid member of the patatin-like
phospholipase domain-containing family that is expressed in the ER and on lipid droplets. In
humans, PNPLA3 is highly expressed in the liver, whereas adipose tissue expression is five-fold
less (Huang et al, Proc. Natl. Acad. Sci. USA 2010. 107: 7892-7). In some embodiments, PNPL A3
refers to SEQ ID NO: 1. "PNPLA3" means any nucleic acid or protein of PNPLA3. "PNPLA3
nucleic acid" means any nucleic acid encoding PNPLA3. For example, in certain embodiments, a
PNPLA3 nucleic acid includes a DNA sequence encoding PNPLA3, an RNA sequence transcribed
from DNA encoding PNPLA3 (including genomic DNA comprising introns and exons), and an
mRNA sequence encoding PNPLA3. "PNPLA3 mRNA" means an mRNA encoding a PNPLA3

protein. The target may be referred to in either upper or lower case.

[0082] In some embodiments, the disclosure provides methods, compounds and compositions
for inhibiting PNPLA3 (PNPLAS3) expression for the treatment of liver disease in combination
with an agonist of glucagon receptor and/or GLP-1 receptor. Certain embodiments provided
herein relate to methods of treating liver disease by administering an inhibitor of PNPLA3.
"PNPLA3 specific inhibitor" can refer to any agent capable of specifically inhibiting PNPLA3
RNA and/or PNPLA3 protein expression or activity at the molecular level. For example, PNPLA3
specific inhibitors include nucleic acids (including antisense compounds), peptides, antibodies,
small molecules, and other agents capable of inhibiting the expression of PNPLA3 RNA and/or
PNPLAS3 protein.

[0083] The terms “inhibitor of PNPLA3,” “PNPLA3 inhibitor” and “PNPLA3 inhibitor of
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expression” are used interchangeably herein. Inhibiting PNPLA3 expression can be useful for
treating, preventing, or ameliorating a disease associated with PNPLA3 in an individual, by
administration of a compound that targets PNPLA3. In certain embodiments, the PNPLA3
inhibitor can be a PNPLA3 specific inhibitor. In certain embodiments, the PNPLA3 inhibitor can
be an antisense compound, an oligomeric compound, or an oligonucleotide targeted to PNPLA3.
In some embodiments, the PNPLA3 is an antisense oligonucleotide. In some embodiments, the
oligonucleotide 1s an siRNA, microRNA targeting oligonucleotide, or a single-stranded RNA1
compound, such as small hairpin RNAs (shRNAs), single-stranded siRNAs (ssRNAs), and

microRNA mimics.

[0084] In some embodiments, the PNPLA3 inhibitor is an antisense oligonucleotide targeted to
a PNPLA3 nucleic acid. In certain embodiments, the PNPLA3 nucleic acid has the sequence set
forth in U.S. Pat. No. 10,774,333, incorporated by reference, e.g., RefSeq or GENBANK
Accession No. NM 0252252; NC 000022.11 truncated from nucleotides 43921001 to
43,954,500 (SEQ ID NO: 2); AK123806.1; BQ686328.1; BF762711.1; DA290491.1; and the
sequences listed as “SEQ ID Nos 7, 8, 9, and 10” in U.S. Pat. No. 10,774,333, In certain
embodiments, the PNPLA3 inhibitor is an antisense oligonucleotide or oligomeric compound. In
certain embodiments, the PNPLA3 inhibitor is single-stranded. In certain embodiments, the

PNPLA3 inhibitor is double-stranded.

[0085] In certain embodiments, the PNPLLA3 inhibitor comprises a modified oligonucleotide 16
linked nucleosides in length. In certain embodiments, the PNPLA3 inhibitor is an antisense

compound or oligomeric compound.

[0086] In some embodiments, the PNPLA3 inhibitor is a modified oligonucleotide 12 to 30
linked nucleosides in length and having a nucleobase sequence comprising any of the nucleobase
sequences as described in U.S. Pat. No. 10,774,333, incorporated herein by reference, e.g., any
one of “SEQ ID NOs: 17-2169” of U.S. Pat. No. 10,774,333. In certain embodiments, the PNPLA3
mhibitor is an antisense compound or oligomeric compound. In certain embodiments, the PNPLA3
inhibitor is single-stranded. In certain embodiments, the PNPLA3 inhibitor is double-stranded. In
certain embodiments, the PNPLA3 inhibitor is a modified oligonucleotide of 16 to 30 linked

nucleosides in length.
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[0087] In some embodiments, the PNPLA3 inhibitor comprises a modified oligonucleotide
consisting of any of the nucleobase sequences as found in U.S. Pat. No. 10,774,333, incorporated
herein by reference, e.g., any one of “SEQ ID NOs: 17-2169” of U.S. Pat. No. 10,774,333. In
certain embodiments, the PNPLLA3 inhibitor is an antisense compound or oligomeric compound.
In certain embodiments, the PNPLA3 inhibitor is single-stranded. In certain embodiments, the

PNPL A3 inhibitor is double-stranded.

[0088] In some embodiments, the PNPLA3 inhibitor comprises a modified oligonucleotide 12
to 30 linked nucleosides in length and complementary within nucleobases as found in U.S. Pat.
No. 10,774,333, incorporated herein by reference, e.g., nucleobases 5567-5642, 5644-5731, 5567-
5731, 5567-5620, 13697-13733, 20553-20676, 20664-20824, 20553-20824, and 25844-25912 of
SEQ ID NO: 1 wherein said modified oligonucleotide is at least 85%, at least 90%, at least 95%,
or 100% complementary to SEQ ID NO: 1. In certain embodiments, the PNPLA3 inhibitor is an
antisense compound or oligomeric compound. In certain embodiments, the PNPLA3 inhibitor is
single-stranded. In certain embodiments, the PNPLA3 inhibitor 1s double-stranded. In certain

embodiments, the modified oligonucleotide 1s 16 to 30 linked nucleosides in length.

[0089] In some embodiments, the inhibitor of PNPLA3 expression is an antisense
oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLA. In certain
embodiments, the PNPLA3 inhibitor target nucleotides 5567-5620 of a PNPLA3 nucleic acid. In
certain embodiments, the PNPLLA3 inhibitor targets within nucleotides as found in nucleotides
5567-5642, 5644-5731, 5567-5731, 5567-5620 of a PNPLA3 nucleic acid having the nucleobase
sequence of SEQ ID NO: 1. In certain embodiments, the PNPLA3 inhibitor is complementary to
a site within 5567-5731 of the nucleic acid sequence encoding PNPLA3, e.g., SEQ ID NO: 1. In
certain embodiments, the PNPLA3 inhibitor is complementary to a site within 5644-5731 of the
nucleic acid sequence encoding PNPLA3, eg., SEQ ID NO: 1. In certain embodiments, the
PNPLAS3 inhibitor is complementary to a site within 5567-5642 of the nucleic acid sequence
encoding PNPLA3, e.g., SEQ ID NO: 1. In certain embodiments, the PNPLA3 inhibitor is
complementary to a site within 5567-5620 of the nucleic acid sequence encoding PNPLA3, e.g.,
SEQ ID NO: 1. In certain embodiments, these compounds are antisense compounds, oligomeric
compounds, or oligonucleotides. In some embodiments, the nucleic acid encoding PNPLAS3 is an

mRNA.
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[0090] In certain embodiments, the PNPLA3 inhibitor comprises a modified oligonucleotide 12
to 30 linked nucleosides in length. In certain embodiments, the PNPLA3 inhibitor comprises a
modified oligonucleotide 16 to 30 linked nucleosides in length. In certain embodiments, the
PNPLA3 inhibitor comprises a modified oligonucleotide 12 to 30 linked nucleosides in length and
having a nucleobase sequence comprising at least an 8, 9, 10, 11, 12, 13, 14, 15, or 16 contiguous
nucleobase portion any one of SEQ ID NOs: 2, 3,4, 5, 6,7, 8, 9 or 10. In certain embodiments,
the PNPLA3 inhibitor comprises an antisense oligonucleotide comprising at least 8 contiguous
nucleobase of any one of SEQ ID NOs: 2, 3,4, 5,6, 7, 8,9 or 10. In certain embodiments, the

modified oligonucleotide is 16 to 30 linked nucleosides in length.

[0091] In certain embodiments, the PNPLA3 inhibitor comprises a modified oligonucleotide 12
to 30 linked nucleosides in length and having a nucleobase sequence comprising any one of SEQ
IDNOs: 2,3,4,5,6,7,8,9, or 10. In certain embodiments, the modified oligonucleotide is 16 to
30 linked nucleosides in length. In certain embodiments, the PNPLA3 inhibitor comprises a
antisense oligonucleotide comprising a sequence having at least 8, at least 9, at least 10, at least
11, atleast 12, at least 13, at least 14, at least 15 or at least 16 contiguous bases of any one of SEQ
IDNOs: 2,3,4,5,6,7,8,9, or 10. In certain embodiments, the PNPLA3 inhibitor comprises a
antisense oligonucleotide comprising a sequence having at least 8 contiguous bases of any one of

SEQID NOs: 2, 3,4, 5,6, 7, 8,9, or 10.

[0092] TIn certain embodiments, the PNPLA3 inhibitor comprises an antisense oligonucleotide

comprising any one of SEQ ID NOs: 2,3,4,5,6,7,8,9o0r 10

[0093] In certain embodiments, the PNPLA3 inhibitor targeted to PNPLA3 is ION 916333,
975616, 994284, 975605, 994282, 975613, 975617, 975735, 975736, or 975612 as described in
US. Pat. No. 10,774,333, incorporated by reference herein.

[0094] In certain embodiments, any of the foregoing modified oligonucleotides comprises at
least one modified internucleoside linkage, at least one modified sugar, and/or at least one
modified nucleobase. In certain embodiments, any of the foregoing modified oligonucleotides
comprises at least one modified sugar moiety. In some embodiments, the at least one modified
sugar moiety 1s 2'-deoxy, 2'-O-methyl, 2'-O-methoxymethyl, 2'-O-methoxyethyl, 2'-fluoro, 4'-
CH(CH3)-0-2', 4'-CH2-0-2', 4'-(CH2)2-0-2' or combinations thereof. In certain embodiments,
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at least one modified sugar comprises a 2’-deoxy, 2'-O-methoxyethyl group. In certain
embodiments, at least one modified sugar is a bicyclic sugar, such as a 4'-CH(CH3)-O-2' group, a

4'-CH2-0-2' group, or a 4'-(CH2)2-0-2' group.

[0095] In certain embodiments, any of the foregoing modified oligonucleotides comprises one
or more modified bases. In some embodiments, the modified base is S-methylcytosine. In some
embodiments, 1, 2, 3, 4, 5, 6 or more cytosine are 5-methylcytosine. In some embodiments, every

cytosine in the antisense oligonucleotide is 5-methylcytosine.

[0096] In certain embodiments, the modified oligonucleotide comprises at least one modified
mternucleoside linkage, such as a phosphorothioate internucleoside linkage. In some

embodiments, every internucleoside linkage is a phosphorothioate linkage.

[0097] In certain embodiments, any of the foregoing modified oligonucleotides comprises: a gap
segment consisting of linked deoxynucleosides, a 5' wing segment consisting of linked
nucleosides; and a 3' wing segment consisting of linked nucleosides; wherein the gap segment is
positioned between the 5' wing segment and the 3' wing segment and wherein each nucleoside of
each wing segment comprises a modified sugar. In certain embodiments, the modified
oligonucleotide is 12 to 30 linked nucleosides in length having a nucleobase sequence comprising
the sequence recited in any one of SEQID NOs: 2, 3,4, 5,6,7, 8,9, or 10. In certain embodiments,
the modified oligonucleotide is 16 to 30 linked nucleosides in length having a nucleobase sequence
comprising the sequence recited in any one of SEQ ID NOs: 2,3,4,5,6,7, 8,9, or 10. In certain
embodiments, the modified oligonucleotide is 16 linked nucleosides in length having a nucleobase

sequence consisting of the sequence recited in any one of SEQ ID NOs: 2, 3,4, 5,6,7,8,9, or 10.

[0098] In certain embodiments, the PNPLA3 inhibitor is an antisense oligonucleotide
comprising:

a gap segment consisting of ten linked deoxynucleosides;

a 5' wing segment consisting of three linked nucleosides; and

a 3' wing segment consisting of three linked nucleosides;
wherein the gap segment 1s positioned between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a cEt sugar; wherein each

mternucleoside linkage i1s a phosphorothicate linkage and wherein each cytosine i1s a 5-
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methylcytosine.

[0099] In certain embodiments, the PNPLA3 inhibitor is an antisense oligonucleotide
comprising of a modified oligonucleotide 12-30 linked nucleobases in length having a nucleobase
sequence comprising the sequence recited in any one of SEQ ID NOs: 2, 3,4, 5,6,7,8,9, or 10,
wherein the modified oligonucleotide comprises

a gap segment consisting of ten linked deoxynucleosides;

a 5' wing segment consisting of three linked nucleosides; and

a 3' wing segment consisting of three linked nucleosides;
wherein the gap segment 1s positioned between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a cEt sugar; wherein each
mternucleoside linkage i1s a phosphorothicate linkage and wherein each cytosine 1s a 5-
methylcytosine. In certain embodiments, the modified oligonucleotide consists of 16-30 linked
nucleosides. In certain embodiments, the modified oligonucleotide consists of 16 linked

nucleosides.

[00100] In certain embodiments, a compound comprises or consists of a modified
oligonucleotide, wherein the modified oligonucleotide is 16 linked nucleosides in length and
consists of the sequence of SEQ ID NO: 2, wherein the modified oligonucleotide comprises:

a gap segment consisting of ten linked deoxynucleosides;

a 5' wing segment consisting of three linked nucleosides; and

a 3' wing segment consisting of three linked nucleosides;
wherein the gap segment is positioned between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a cEt sugar; wherein each
internucleoside linkage is a phosphorothioate linkage; and wherein each cytosine is a 5-

methylcytosine.

[00101] In some embodiments, the PNPLA3 inhibitor is an antisense oligonucleotide further
comprising a conjugate group. In some embodiments, the conjugate group is at the 5” end of the
antisense oligonucleotide. Thus, in certain embodiments, a compound consists of a modified
oligonucleotide and a conjugate group, wherein the modified oligonucleotide is 16 linked

nucleosides in length and consists of the sequence of SEQ ID NO: 2, wherein the modified
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oligonucleotide comprises:

a gap segment consisting of ten linked deoxynucleosides;

a 5' wing segment consisting of three linked nucleosides; and

a 3' wing segment consisting of three linked nucleosides;
wherein the gap segment is positioned between the 5' wing segment and the 3' wing segment,
wherein each nucleoside of each wing segment comprises a cEt sugar; wherein each
mternucleoside linkage 1s a phosphorothioate linkage; wherein each cytosine 1s a 5-
methylcytosine; and wherein the conjugate group is positioned at the 5' end of the modified
oligonucleotide and is
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[00102] In some embodiments, the inhibitor of PNPLA3 expression is a compound of the
following formula (SEQ ID NO: 2):
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[00103] In some embodiments, the inhibitor of PNPLA3 expression is a compound of the
following formula (SEQ ID NO: 2):
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[00104] In any of the foregoing embodiments, the PNPLA3 inhibitor is an antisense
oligonucleotide, wherein the antisense oligonucleotide can be at least 85%, at least 90%, at least

95%, at least 98%, at least 99%, or 100% complementary to a nucleic acid encoding PNPLA3.

[00105] In any of the foregoing embodiments, the PNPLA3 inhibitor is an antisense
oligonucleotide, wherein the antisense oligonucleotide can be single-stranded. In certain
embodiments, the PNPLA3 inhibitor comprises deoxyribonucleotides. In certain embodiments,
the PNPLA3 inhibitor is double-stranded. In certain embodiments, the PNPLA3 inhibitor is

double-stranded and comprises ribonucleotides.
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[00106] In any of the foregoing embodiments, the PNPLA3 inhibitor can be an antisense

compound or oligomeric compound.

[00107] In any of the foregoing embodiments, the PNPLA3 inhibitor is an antisense
oligonucleotide, wherein the antisense oligonucleotide can be 8 to 80, 10 to 30, 12 to 50, 13 to 30,
13 to 50, 14 to 30, 14 to 50, 15 to 30, 15 to 50, 16 to 30, 16 to 50, 17 to 30, 17 to 50, 18 to 22, 18
to 24, 18 to 30, 18 to 50, 19 to 22, 19 to 30, 19 to 50, or 20 to 30 linked nucleosides in length. In
certain embodiments, the PNPLA3 inhibitor is an oligonucleotide.

[00108] In certain embodiments, the PNPLA3 inhibitor is an antisense oligonucleotide, wherein
the antisense oligonucleotide comprises a modified oligonucleotide described herein and a
conjugate group. In certain embodiments, the conjugate group is linked to the modified
oligonucleotide at the 5' end of the modified oligonucleotide. In certain embodiments, the
conjugate group 1s linked to the modified oligonucleotide at the 3' end of the modified
oligonucleotide. In certain embodiments, the conjugate group comprises at least one N-
Acetylgalactosamine (GalNAc), at least two N-Acetylgalactosamines (GalNAcs), or at least three
N-Acetylgalactosamines (GalNAcs).

[00109] In certain embodiments, the PNPLA3 inhibitor provided herein comprise a
pharmaceutically acceptable salt of the modified oligonucleotide. In certain embodiments, the salt

is a sodium salt. In certain embodiments, the salt is a potassium salt.

[00110] In certain embodiments, the PNPLA3 inhibitor as described herein are active by virtue
of having at least one of an in vitro ICso of less than 2 uM, less than 1.5 uM, less than 1 uM, less
than 0.9 puM, less than 0.8 uM, less than 0.7 uM, less than 0.6 uM, less than 0.5 pM,, less than 0.4
uM, less than 0.3 uM, less than 0.2 uM, less than 0.1 pM, less than 0.05 uM, less than 0.04 uM,
less than 0.03 pM, less than 0.02 uM, or less than 0.01 uM.

[00111] In certain embodiments, the PNPLA3 inhibitor as described herein are highly tolerable
as demonstrated by having at least one of an increase in alanine transaminase (ALT) or aspartate
transaminase (AST) value of no more than 4 fold, 3 fold, or 2 fold over control animals, or an
increase in liver, spleen, or kidney weight of no more than 30%, 20%, 15%, 12%, 10%, 5%, or 2%

compared to control animals. In certain embodiments, the PNPLA3 inhibitor as described herein
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are highly tolerable as demonstrated by having no increase of ALT or AST over control animals.
In certain embodiments, the PNPLA3 inhibitor as described herein are highly tolerable as

demonstrated by having no increase in liver, spleen, or kidney weight over control animals.

[00112] Certain embodiments provide a composition comprising the PNPLA3 inhibitor of any of
the aforementioned embodiments or any pharmaceutically acceptable salt thereof and at least one
of a pharmaceutically acceptable carrier or diluent. In certain embodiments, the composition has a
viscosity less than about 40 centipoise (cP), less than about 30 centipoise (cP), less than about 20
centipoise (cP), less than about 15 centipoise (cP), or less than about 10 centipoise (cP). In certain
embodiments, the composition having any of the aforementioned viscosities comprises a PNPLA3
mhibitor provided herein at a concentration of about 100 mg/mL, about 125 mg/mL, about 150
mg/mL, about 175 mg/mL, about 200 mg/mL, about 225 mg/mL, about 250 mg/mL, about 275
mg/mL, or about 300 mg/mL. In certain embodiments, the composition having any of the
aforementioned viscosities and/or PNPLA3 inhibitor concentrations has a temperature of room
temperature, or about 20°C, about 21 °C, about 22 °C, about 23 °C, about 24 °C, about 25 °C, about
26°C, about 27°C, about 28 °C, about 29°C, or about 30°C.

GLP-1 Peptide

[00113] Glucagon and glucagon-like peptide-1 (GLP-1) derive from pre-proglucagon, a 158
amino acid precursor polypeptide that is processed in different tissues to form a number of different
proglucagon-derived peptides, including glucagon, glucagon-like peptide-1 (GLP-1), glucagon-
like peptide-2 (GLP-2) and oxyntomodulin (OXM), that are involved in a wide variety of
physiological functions, including glucose homeostasis, insulin secretion, gastric emptying, and
intestinal growth, as well as the regulation of food intake. Glucagon is a 29-amino acid peptide
that corresponds to amino acids 33 through 61 of proglucagon (53 to 81 of preproglucagon), while
GLP-1 is produced as a 37-amino acid peptide that corresponds to amino acids 72 through 108 of
proglucagon (92 to 128 of preproglucagon). GLP-1(7-36) amide or GLP-1(7-37) acid are
biologically active forms of GLP-1, that demonstrate essentially equivalent activity at the GLP-1
receptor. See, e.g., US 9,765,130, incorporated herein by reference.

[00114] As used herein a "GLP-1/glucagon agonist peptide" is a chimeric peptide that exhibits
activity at the glucagon receptor of at least about 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%,
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80%, 90%, 95%, or more relative to native glucagon and also exhibits activity at the GLP-1
receptor of about at least about 1%, 5%, 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%, 95%,

or more relative to native GLP-1, under the conditions of assay 1.

[00115] As used herein the term "native glucagon" refers to naturally-occurring glucagon, e.g.,
human glucagon, comprising the sequence of SEQ ID NO: 11. The term "native GLP-1" refers to
naturally-occurring GLP-1, e.g., human GLP-1, and is a generic term that encompasses, €.g., GLP-
1(7-36) amide (SEQ ID NO: 12), GLP-1(7-37) acid (SEQ ID NO: 13) or a mixture of those two
compounds. As used herein, a general reference to "glucagon" or "GLP-1" in the absence of any
further designation is intended to mean native human glucagon or native human GLP-1,
respectively. Unless otherwise indicated, "glucagon" refers to human glucagon, and "GLP-1"

refers to human GLP-1.

[00116] Glucagon can be produced by the pancreas and can interact with the glucagon receptor
("GCGR"). Glucagon can act in the liver to raise blood glucose via gluconeogenesis and
glycogenolysis. When blood glucose begins to fall, glucagon can signal the liver to break down
glycogen and release glucose, causing blood glucose levels to rise toward a normal level. GLP-1
can have different biological activities compared to glucagon. It can be secreted from gut L cells
and can bind to the GLP-1 receptor. GLP-1 activities can include stimulation of insulin synthesis

and secretion, inhibition of glucagon secretion, and inhibition of food intake.

[00117] Provided herein are agonists of glucagon receptor or glucagon-like peptide-1 (GLP-1).
In some embodiments, the agonists of glucagon receptor or glucagon-like peptide-1 (GLP-1)
comprise a polypeptide. peptides which bind both to a glucagon receptor and to a GLP-1 receptor.
In certain embodiments, the peptides provided herein are co-agonists of glucagon and GLP-1
activity. Such peptides are referred to herein as GLP-1/glucagon agonist peptides. GLP-1/glucagon
agonist peptides as provided herein possess GLP-1 and glucagon activities with favorable ratios to
promote weight loss, prevent weight gain, or to maintain a desirable body weight, and possess
optimized solubility, formulatability, and stability. In certain embodiments, GLP-1/glucagon
agonist peptides as provided herein are active at the human GLP1 and human glucagon receptors,

in certain embodiment relative activity compared to the natural ligand at the GLP-1 receptor is at
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least about 1-fold, 2-fold 5-fold, 8-fold, 10-fold, 15-fold, 20-fold, or 25-fold higher than at the

glucagon receptor.

[00118] As used herein, the term "peptide" encompasses a full length peptides and fragments,
variants or derivatives thereof, e.g., a GLP-1/glucagon agonist peptide (e.g., 29, 30, or 31 amino
acids in length). A "peptide" as disclosed herein, e.g., a GLP-1/glucagon agonist peptide, can be
part of a fusion polypeptide comprising additional components such as, e.g., an Fc domain or an
albumin domain, to increase half-life. A peptide as described herein can also be derivatized in a

number of different ways.

[00119] The terms "fragment," "analog," "derivative," or "variant" when referring to a GLP-
1/glucagon agonist peptide includes any peptide which retains at least some desirable activity, e.g.,
binding to glucagon and/or GLP-1 receptors. Fragments of GLP-1/glucagon agonist peptides
provided herein include proteolytic fragments, deletion fragments which exhibit desirable

properties during expression, purification, and or administration to a subject.

[00120] In certain embodiments, GLP-1/glucagon agonist peptides as disclosed have desirable
potencies at the glucagon and GLP-1 receptors, and have desirable relative potencies for promoting
weight loss. In certain embodiments, GLP-1/glucagon agonist peptides as disclosed exhibit in vitro
potencies at the GLLP-1 receptor as shown by an EC50 in the cAMP assay 1 (see Example 2) of
less than 10,000 pM, less than 5000 pM, less than 2500 pM, less than 1000 pM, less than 900 pM,
less than 800 pM, less than 700 pM, less than 600 pM, less than 500 pM, less than 400 pM, less
than 300 pM, less than 200 pM, less than 100 pM, less than 50 pM, less than 25 pM, less than 20
pM, less than 15 pM, less than 10 pM, less than 5 pM, less than 4 pM, less than 3 pM, or less than
2 pM. In certain embodiments, GLP-1/glucagon agonist peptides as disclosed exhibit in vitro
potencies at the GLP-1 receptor as shown by EC50 in the cAMP assay in 4.4% human serum
albumin (assay 2, see Example 2) of less than 10,000 pM, less than 5000 pM, less than 2500 pM,
less than 1000 pM, less than 900 pM, less than 800 pM, less than 700 pM, less than 600 pM, less
than 500 pM, less than 400 pM, less than 300 pM, less than 200 pM, less than 100 pM, less than
50 pM, less than 25 pM, less than 20 pM, less than 15 pM, less than 10 pM, less than 5 pM, less
than 4 pM, less than 3 pM, or less than 2 pM. In certain embodiments, GLP-1/glucagon agonist

peptides as disclosed exhibit in vitro potencies at the glucagon receptor as shown by an EC50 in
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the cAMP assay 1 (see Example 2 in US Pat. No. 9,765,130, incorporated by reference herein) of
less than 10,000 pM, less than 5000 pM, less than 2500 pM, less than 1000 pM, less than 900 pM,
less than 800 pM, less than 700 pM, less than 600 pM, less than 500 pM, less than 400 pM, less
than 300 pM, less than 200 pM, less than 100 pM, less than 50 pM, less than 25 pM, less than 20
pM, less than 15 pM, less than 10 pM, less than 5 pM, less than 4 pM, less than 3 pM, or less than
2 pM. In certain embodiments, GLP-1/glucagon agonist peptides as disclosed exhibit in vitro
potencies at the glucagon receptor as shown by an EC50 in the cAMP assay in 4.4% human serum
albumin (assay 2, see Example 2 in US Pat. No. 9,765,130, incorporated by reference herein) of
less than 10,000 pM, less than 5000 pM, less than 2500 pM, less than 1000 pM, less than 900 pM,
less than 800 pM, less than 700 pM, less than 600 pM, less than 500 pM, less than 400 pM, less
than 300 pM, less than 200 pM, less than 100 pM, less than 50 pM, less than 25 pM, less than 20
pM, less than 15 pM, less than 10 pM, less than 5 pM, less than 4 pM, less than 3 pM, or less than
2 pM. In certain embodiments, GLP-1/glucagon agonist peptides as disclosed have relative GLP1-
R/GCGR potency ratios, when compared to the native ligands, in the range of about 0.01 to 0.50,
e.g., from about 0.02 to 0.30, e.g., about 0.02, 0.03, 0.04, 0.05, 0.06, 0.07, 0.08, 0.09, 0.10, 0.11.
0.12,0.13,0.14,0.15,0.16,0.17,0.18, 0.19, 0.20, 0.21, 0.22, 0.23, 0.24, 0.25, 0.26, 0.27, 0.28, or

0.30. when using assay 2.

[00121] In certain embodiments, GLP-1/glucagon agonist peptides as disclosed exhibit in vitro
potencies at the glucose-dependent insulinotropic peptide (gastric inhibitory peptide) (GIPR) as
shown by an EC50 in the cAMP assay 1 (see Example 2 in US Pat. No. 9,765,130, incorporated
by reference herein) of less than 10,000 pM, less than 5000 pM, less than 2500 pM, less than 1000
pM, less than 900 pM, less than 800 pM, less than 700 pM, less than 600 pM, less than 500 pM,
less than 400 pM, less than 300 pM, less than 200 pM, less than 100 pM, less than 50 pM, less
than 25 pM, less than 20 pM, less than 15 pM, less than 10 pM, less than S pM, less than 4 pM,
less than 3 pM, or less than 2 pM. In certain embodiments, GLP-1/glucagon agonist peptides as
disclosed exhibit in vitro potencies at the GIPR as shown by EC50 in the cAMP assay in 4.4%
human serum albumin (assay 2, see Example 2 in US Pat. No. 9,765,130, incorporated by reference
herein) of less than 10,000 pM, less than 5000 pM, less than 2500 pM, less than 1000 pM, less
than 900 pM, less than 800 pM, less than 700 pM, less than 600 pM, less than 500 pM, less than
400 pM, less than 300 pM, less than 200 pM, less than 100 pM, less than 50 pM, less than 25 pM,
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less than 20 pM, less than 15 pM, less than 10 pM, less than 5 pM, less than 4 pM, less than 3 pM,
or less than 2 pM.

[00122] In certain embodiments, GLP-1/glucagon agonist peptides provided herein possess one
or more criteria of acceptable solubility, ease in formulatability, plasma stability, and improved
pharmacokinetic properties. In certain embodiments, GLP-1/glucagon agonist peptides as

disclosed are soluble in standard buffers over a broad pH range.

[00123] In certain embodiments, GLP-1/glucagon agonist peptides are soluble in common buffer
solutions at a concentration up to 0.5 mg/ml, 0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1
mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml, 6 mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10 mg/ml, or
more, in buffer systems and a range of ionic strengths, e.g., from 0.25 to 150 mM, including, but
not limited to phosphate buffer, Tris buffer, glutamate buffer, acetate buffer, succinate buffer, or
histidine buffer. Exemplary buffers include 100 mM glutamate pH 4.5 buffer, 100 mM acetate pH
5 buffer, 100 mM succinate pH 5 buffer, 100 mM phosphate pH 6 buffer, 100 mM histidine pH 6
buffer, 100 mM phosphate pH 6.5 buffer, 100 mM phosphate pH 7.0 buffer, 100 mM histidine pH
7.0 buffer, 100 mM phosphate pH 7.5 buffer, 100 mM Tris pH 7.5 buffer, and 100 mM Tris pH
8.0 buffer. In certain embodiments, GLP-1/glucagon agonist peptides as disclosed are soluble in
standard buffers at 0.8 mg/ml over a range of pH, e.g., from pH 4.0 to pH 8.0, e¢.g., at pH 4.0, 4.5,
5.0,55,6.0,6.5,70, 75, 8.0, or 85. In certain embodiments, GLP-1/glucagon agonist peptides
as disclosed are soluble in standard buffers from pH 4.5t0 8.0, 5.0t0 8.0, 5.5t08.0,6.01t08.0,6.5
t08.0,70t080,451t085,55t08.5,55t085,60t08.5,65t085, or7.0t08.5.

[00124] In certain embodiments, GLP-1/glucagon agonist peptides as disclosed are formulatable
in standard pharmaceutical formulations. Exemplary formulations include, but are not limited to:
0.IM Tris pH 7.5, 150 mM Mannitol, final formulation pH=7.2; 0.05M Tris, 50 mM
Arginine/Proline, final formulation pH=8.0; or sodium phosphate buffer (pH8)/1.85% W/V
propylene glycol, final formulation pH=7.0. In certain embodiments GLP-1/glucagon agonist
peptides as disclosed are soluble is these or other formulations at a concentration up to 0.5 mg/ml,
0.6 mg/ml, 0.7 mg/ml, 0.8 mg/ml, 0.9 mg/ml, 1 mg/ml, 2 mg/ml, 3 mg/ml, 4 mg/ml, 5 mg/ml, 6

mg/ml, 7 mg/ml, 8 mg/ml, 9 mg/ml, 10 mg/ml, or more.
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[00125] In certain embodiments, GLP-1/glucagon agonist peptides as disclosed are acceptably
stable against proteases in serum or plasma. Common degradation products of glucagon or GLP-
1 include +1 products (acid) and the DPP IV-cleavage products. Products with +1 mass may arise
from deamidation at amide groups of glutamine or at the C-terminus Cleavage products arise from
the action of the protease DPP IV in plasma. In certain embodiments, GLP-1/glucagon agonist
peptides as disclosed are remain stable in plasma at levels up to 30%, 40%, 50%, 60%, 70%, 80%,
90%, or 100% after 24 hours in plasma at 37 °C.

[00126] Provided herein is a GLP-1/glucagon agonist peptide comprising the amino acid

sequence:
HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30

wherein X21s Gor S, X101s Yor K, X121sK, E, R, or S, X13 isKor Y, X151s D or E. X161s
SorG, X171sE, R, Q,or K, X181sR, S, or A, X201s R, K or Q, X2l isDor E, X23 is Vorl,
X24is AorQ,X271s Eor V, X28 is A or K, and X30 is G or R (SEQ ID NO: 25). In certain
embodiments the isolated peptide shown above is provided, where X2 is S, X10is Y or K, X12 is
K,E.R,orS, X13i1sKorY,X151sD,X161s S, X171s E,R, Q, or K, X181s R, S, or A, X20 1s
R, X21isD, X23 1s V, X24 is A, X271s Eor V, X28 is A, and X30 1s G (SEQ ID NO:26). In
certain embodiments the isolated peptide shown above 1s provided, where X2 1s S, X101s Y or K,
X12isK,E,R,or S, X131sKor Y, X15is D, X161s S, if X171s E and X18 is R, or if X17 is R
and X181s S, X20i1s R, X21 1s D, X23is V, X241s A, X27is Eor V, X28 is A, and X301s G
(SEQ ID NO: 27 and SEQ ID NO. 28, respectively).

[00127] In certain embodiments the isolated peptide shown above is provided, where X2 is S,
X101 Y, X121s K, X13 1s K, X151s D, X161s S, if X17 1s E and X18 1s R, or if X17 1s R and
X181isS,X20is R, X21is D, X23is V, X24 is A, X271s V, X28 is A, and X30 is G (SEQ ID NO:
29 and SEQ ID NO: 30, respectively). In certain embodiments the isolated peptide shown above
is provided, where X2 is §, X101s K, if X12 is K, E, orRand if X12 is K, E,R, or §, X13is Y,
X151 D, X161s S, if X17 is E and X18 is R, and if X17 1s R and X18 is S, X20is R, X21 is D,
X23 15V, X24 15 A, X27 1s E, X28 15 A, and X30 1s G (SEQ ID NO: 31 and SEQ 1D NO: 32,
respectively). In certain embodiments the isolated peptide shown above is provided, where X2 is

S, X101sK, X121sE, X131s Y, X151s D, X161 S, 1f X171s Eand X18 is R, or if X17 1s R and
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X181sS,X20is R, X21is D, X231s V, X24is A, X27is E, X28 is A, and X30 is G (SEQ ID NO:
33 and SEQ ID NO: 34, respectively). In certain embodiments the isolated peptide shown above
1s provided, where X21s S, X101s K, X121s R, X131s Y, X151s D, X161s S, if X17 is E and X18
1SR, orif X171sRand X181is S, X201s R, X211s D, X23is V, X241s A, X271s E, X281s A, and
X301s G (SEQ ID NO: 35 and SEQ ID NO: 36, respectively).

[00128] GLP-1/glucagon agonist peptides provided herein can include, but are not limited to
G730 (SEQ ID NO: 14), G797 (SEQ ID NO: 15), G849 (SEQ ID NO: 16), G933 (SEQ ID NO:
17), G865 (SEQ ID NO: 18), G796 (SEQ ID NO: 19), G812 (SEQ ID NO: 20) and G380 (SEQ ID
NO: 21). These GLP-1/glucagon agonist peptides are listed in Table 1:

Table 1

GLP-1/Glucagon Peptide Sequence

Peptide Sequence SEQ ID
NO

G730 HSQGT FTSDY SKXD SERAR DFVAW LVAGG-amide X13 = K(gE- | 14
palm)

G797 HSQGT FTSDX SEYLD SERAR DFVAW LEAGG-amide X10 = K(gE- | 15
palm)

G849 HSQGT FTSDX SRYLD SRSAR DFVAW LEAGG-amide XI10 = K(gE- | 16
palm)

G933 HSQGT FTSDX SEYLD SERAR DFVAW LEAGG-acid X10 = K(gE- | 17
palm)

G865 HSQGT FTSDX SSYLD SRSAR DFVAW LEAGG-amide X10 = K(gE- | 18
palm)
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G796 HSQGT FTSDX SSYLD SRRAR DFVAW LEAGG-amide X10 = K(gE- | 19
palm)

G812 HSQGT FTSDX SKYLE GQAAK EFTAW LEKGR-amide X10 = K(gE- | 20
palm)

G380 HGQGT FTSDY SKYLD SXRAQ DFVQW LVAGG-amide X17 =K(gE- | 21
palm)

G931 HSQGT FTSDY SKXLD SERAR DFVAW LVAGG-acid X13 - K (gE- | 22
palm)

G934 HSQGT FTSDX SKYLE GQAAK EFIAW LEKGR-acid X10 - K (gE-palm) | 23

G973 HSQGT FTSDX SSYLD SRSAR DFVAW LEAGG-acid X10 - K (gE-palm) | 24

GLP-1 HAEGT FTSDV SSYLE GQAAK EFIAW LVKGR 12
(7-36

amide)

GLP-1 HAEGT FTSDV SSYLE GQAAK EFIAW LVKGRG 13
(7-37

acid)

Glucagon | HSQGT FTSDY SKYLD SRRAQ DFVQW LMNT 11

i Methods of Making an agonist against glucagon receptor and/or GLP-1 receptors

[00129] GLP-1/glucagon agonist peptide. GLP-1/glucagon agonist peptides provided herein can
be made by any suitable method, e.g., the methods as described in US 9,765,130, incorporated by
reference herein. For example, in certain embodiments the GLP-1/glucagon agonist peptides
provided herein are chemically synthesized by methods well known to those of ordinary skill in
the art, e.g., by solid phase synthesis as described by Merrifield (1963, J. Am. Chem. Soc. 85:2149-
2154). Solid phase peptide synthesis can be accomplished, e.g., by using automated synthesizers,

using standard reagents.
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[00130] Alternatively, GLP-1/glucagon agonist peptides provided herein can be produced
recombinantly using a convenient vector/host cell combination as would be well known to the
person of ordinary skill in the art. A variety of methods are available for recombinantly producing
GLP-1/glucagon agonist peptides. Generally, a polynucleotide sequence encoding the GLP-
1/glucagon agonist peptide is inserted into an appropriate expression vehicle, e.g., a vector which
contains the necessary elements for the transcription and translation of the inserted coding
sequence. The nucleic acid encoding the GLP-1/glucagon agonist peptide is inserted into the vector
in proper reading frame. The expression vector is then transfected into a suitable host cell which
will express the GLP-1/glucagon agonist peptide. Suitable host cells include without limitation
bacteria, yeast, or mammalian cells. A variety of commercially-available host-expression vector

systems can be utilized to express the GLP-1/glucagon agonist peptides described herein.
il. Modifications, Conjugates, Fusions, and Derivations.

[00131] Insome embodiments, the peptides described herein comprise a modification to an amino
acid in the amino acid sequence. In certain embodiments, GLP-1/glucagon agonist peptides
provided herein are stabilized via amino acid modifications. In certain embodiments, the carboxyl
group of the C-terminal amino acid is amidated. In certain embodiments, the C-terminal amino
acid is amidated glycine, e.g., G730, G797, G849, G865, G796, G812, and (G380. In certain
embodiments, e.g., G933, the C-terminal glycine is the unmodified acid. In certain embodiments,
GLP-1/glucagon agonist peptides are provided in which one or more amino acid residues are
acylated, i.e, the addition of an acyl moiety. For example, in certain embodiments GLP-
1/glucagon agonist peptides provided herein contain one or more lysine residues, in which a
palmitoyl moiety is attached to the N(epsilon) group. In certain embodiments a linker is
incorporated between lysine and the palmitoyl group. This linker can be a gamma glutamic acid
group, or an alternative linker such as, but not limited to, beta alanine and aminohexanoic acid.
Different acylation methods may be used such as addition of cholesterol or myristoyl groups. In
certain embodiments, the palmitoyl moiety is added at position 13 (e.g., G730). In certain
embodiments, the palmitoyl moiety is added at position 10 (e.g., G797, G849, G933, G865, G796,
and G812). In certain embodiments, the palmitoyl moiety is added at position 17 (e.g., G380).
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[00132] The GLP-1/glucagon agonist peptides provided herein, e.g., G730, G797, G849 and
(G933 can be palmitoylated to extend their half-life by association with serum albumin, thus
reducing their propensity for renal clearance, as described in Example 1 of US 9,765,130,

incorporated herein by reference.

[00133] Alternatively or in addition, a GLP-1/glucagon agonist peptide as disclosed herein can
be associated with a heterologous moiety, e.g., to extend half-life. The heterologous moiety can be
a protein, a peptide, a protein domain, a linker, an organic polymer, an inorganic polymer, a
polyethylene glycol (PEG), biotin, an albumin, a human serum albumin (HSA), a HSA FcRn
binding portion, an antibody, a domain of an antibody, an antibody fragment, a single chain
antibody, a domain antibody, an albumin binding domain, an enzyme, a ligand, a receptor, a
binding peptide, a non-Fnlll scaffold, an epitope tag, a recombinant polypeptide polymer, a

cytokine, and a combination of two or more of such moieties.

[00134] For example, GLP-1/glucagon agonist peptides can be fused with a heterologous
polypeptide. The peptides can be fused to proteins, either through recombinant gene fusion and
expression or by chemical conjugation. Proteins that are suitable as partners for fusion include,
without limitation, human serum albumin, antibodies and antibody fragments including fusion to
the Fe portion of the antibodies. GLP-1 has been fused to these proteins with retention of potency
(L. Baggio et al, Diabetes 53 2492-2500 (2004); P. Barrington et al Diabetes, Obesity and
Metabolism 13 426-433 (2011); P. Paulik et al American Diabetes Association 2012, Poster 1946).
Extended recombinant peptide sequences have also been described to give the peptide high
molecular mass (V. Schellenberger et al Nature Biotechnol 27 1186-1190 (2009); PASylation
(EP2173890)). In certain embodiments GLP-1/glucagon agonist peptides are incorporated as the
N-terminal part of a fusion protein, with the fusion partner, e.g., the albumin or Fc¢ portion, at the
C-terminal end. GLP-1/glucagon agonist peptides as described herein can also be fused to peptides
or protein domains, such as *Albudabs’ that have affinity for human serum albumin (M. S. Dennis
et al J Biol Chem 277 35035-35043 (2002); A. Walker et al Protein Eng Design Selection 23 271-
278 (2010)). Methods for fusing a GLP-1/glucagon agonist peptides as disclosed herein with a
heterologous polypeptide, e.g., albumin or an Fc region, are well known to those of ordinary skill

in the art.
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[00135] Other heterologous moieties can be conjugated to GLP-1/glucagon agonist peptides to
further stabilize or increase half-life. For chemical fusion, certain embodiments feature
maintenance of a free N-terminus, but alternative points for derivatization can be made. A further
alternative method 1s to derivatize the peptide with a large chemical moiety such as high molecular
weight polyethylene glycol (PEG). A "pegylated GLP-1/glucagon agonist peptide” has a PEG
chain covalently bound thereto. Derivatization of GLP-1/glucagon agonist peptides, e.g.,
pegylation, can be done at the lysine that is palmitoylated, or alternatively at a residue such as
cysteine, that 1s substituted or incorporated by extension to allow derivatization. GLP-1/glucagon
agonist peptide formats above can be characterized in vitro and/or in vivo for relative potency and

the balance between GLP-1 and glucagon receptor activation.

[00136] The general term "polyethylene glycol chain" or "PEG chain", refers to mixtures of
condensation polymers of ethylene oxide and water, in a branched or straight chain, represented
by the general formula H{OCH2CH2)nOH, where n is an integer of 3, 4, 5, 6, 7, 8, 9, or more. PEG
chains include polymers of ethylene glycol with an average total molecular weight selected from
the range of about 500 to about 40,000 Daltons. The average molecular weight of a PEG chain is
indicated by a number, e.g., PEG-5,000 refers to polyethylene glycol chain having a total

molecular weight average of about 5,000.

[00137] PEGylation can be carried out by any of the PEGylation reactions known in the art. See,
e.g., Focus on Growth Factors, 3: 4-10, 1992 and European patent applications EP 0 154 316 and
EP 0401 384. PEGylation may be carried out using an acylation reaction or an alkylation reaction

with a reactive polyethylene glycol molecule (or an analogous reactive water-soluble polymer).

[00138] Methods for preparing a PEGylated GLP-1/glucagon agonist peptides generally include
the steps of (a) reacting a GLP-1/glucagon agonist peptide or with polyethylene glycol (such as a
reactive ester or aldehyde derivative of PEG) under conditions whereby the molecule becomes

attached to one or more PEG groups, and (b) obtaining the reaction product(s).
Administration

[00139] The present disclosure provides methods of treating liver disease in a subject by

administering to the subject an inhibitor of PNPLA3 expression and an agonist of glucagon
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receptor and/or GLP-1 receptor. On some embodiments, the inhibitor of PNPLA3 expression and
the agonist of glucagon receptor and/or GLP-1 receptor are administered concomitantly. In some
embodiments, the inhibitor of PNPLA3 expression and the agonist of glucagon receptor and/or
GLP-1 receptor are administered within 1 hour of one another. In some embodiments, the inhibitor
of PNPLA3 expression and the agonist of glucagon receptor and/or GLP-1 receptor are
administered within 24 hours of one another. In some embodiments, the inhibitor of PNPLA3
expression and the agonist of glucagon receptor and/or GLP-1 receptor are administered within 72
hours of one another. In some embodiments, the inhibitor of PNPLA3 expression and the agonist
of glucagon receptor and/or GLP-1 receptor are administered within one week of one another. In
some embodiments, the inhibitor of PNPLA3 expression and the agonist of glucagon receptor
and/or GLP-1 receptor are administered within two weeks of one another. In some embodiments,
the inhibitor of PNPLA3 expression and the agonist of glucagon receptor and/or GLP-1 receptor
are administered within one month of one another, within 2 months of one another, or within 3

months or more of one another.

[00140] Various modes of administration are known to the skilled artisan and can be used to
admunister the inhibitor of PNPLA3 expression and the agonist of glucagon receptor and/or GLP-
1 receptor. For example, modes of administration can include oral, parenteral, by inhalation or
topical. "Parenteral administration" can mean administration through injection or infusion.
Parenteral administration can include subcutaneous administration, intravenous administration,
mtramuscular administration, intraarterial administration, intraperitoneal administration, or
mtracranial administration, e.g., intrathecal or intracerebroventricular, vaginal or rectal
administration. Another example of a form for administration is a solution for injection, in
particular for intravenous or intraarterial injection or drip. Inhibitors of PNPLA3 expression and/or
GLP-1/glucagon agonist peptides provided herein can be administered as a single dose or as
multiple doses. In certain embodiments, and inhibitor of PNPLA3 expression and/or a GLP-

1/glucagon agonist peptide is administered by subcutaneous injection.

[00141] In some embodiments, the inhibitor of PNPLA3 expression and the agonist of glucagon
receptor and/or GLP-1 receptor are administered by the same mode of administration. In some
embodiments, the inhibitor of PNPLA3 expression and the agonist of glucagon receptor and/or

GLP-1 receptor are administered by different modes of administration. In some embodiments, in
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the inhibitor of PNPLA3 expression is administered parenterally. In some embodiments, the

agonist of glucagon receptor and/or GLP-1 receptor is administered parenterally.

[00142] Parenteral formulations can be a single bolus dose, an infusion or a loading bolus dose
followed with a maintenance dose. These compositions can be administered at specific fixed or
variable intervals, e.g., once a day, or on an "as needed" basis. Dosage regimens also can be

adjusted to provide the optimum desired response (e.g., a therapeutic or prophylactic response).

[00143] The dosing frequency of the inhibitor of PNPLA3 expression and/or the agonist of
glucagon receptor and/or GLP-1 receptor can be determined by the one of ordinary skill in the art
without undue experimentation. In some embodiments, the dosing frequency of the mhibitor of
PNPLA3 expression is the same as the dosing frequency of the agonist of glucagon receptor and/or
GLP-1 receptor. In some embodiments, the dosing frequency of the inhibitor of PNPLA3
expression is different from the dosing frequency of the agonist of glucagon receptor and/or GLP-
1 receptor, e.g., 1s more frequent or less frequent. In some embodiments, the inhibitor of PNPLA3
expression is administered daily, twice daily or three times daily. In some embodiments, the
inhibitor of PNPLA3 expression is administered weekly, twice weekly or three times weekly. In
some embodiments, the inhibitor of PNPLA3 expression is administered monthly, twice monthly
or three times monthly. In some embodiments, the inhibitor of PNPLA3 expression is
administered not more than once a week, once every two weeks, once every three weeks, once
every 4 weeks, once every five weeks once every six weeks, or once every 7 weeks. In some
embodiments, the agonist of glucagon receptor and/or GLP-1 receptor is administered daily, twice
daily or three times daily. In some embodiments, the agonist of glucagon receptor and/or GLP-1
receptor 1s administered weekly, twice weekly or three times weekly. In some embodiments, the
agonist of glucagon receptor and/or GLP-1 receptor is administered monthly, twice monthly or
three times monthly. In some embodiments, the agonist of glucagon receptor and/or GLP-1
receptor 1s administered not more than once a week, once every two weeks, once every three

weeks, once every 4 weeks, once every five weeks once every six weeks, or once every 7 weeks.
Indications

[00144] The methods, compounds, peptides and compositions described herein can be used to

treat liver disease in a subject. The term "subject” is meant any subject, particularly a mammalian
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subject, in need of treatment with a combination of and inhibitor of PNPLA3 expression and the
GLP-1/glucagon agonist peptides provided herein. Mammalian subjects include, but are not
limited to, humans, dogs, cats, guinea pigs, rabbits, rats, mice, horses, cattle, bears, cows, apes,
monkeys, orangutans, and chimpanzees, and so on. In one embodiment, the subject is a human
subject. In some embodiments, the subject is a female subject. In one embodiment, the subject is

a male subject.

[00145] As used herein, a "subject in need thereof™ refers to an individual for whom it is desirable
to treat, e.g., a subject having liver disease. In some embodiments, the present disclosure provides
a method of treating liver disease, e.g., NASH and or NAFLD. Non-alcoholic fatty liver disease
(NAFLD) can include a spectrum of liver disease from steatosis to nonalcoholic steatohepatitis
(NASH) and cirrhosis. NAFLD can be defined as fat accumulation in the liver exceeding 5% by
weight, in the absence of significant alcohol consumption, steatogenic medication, or hereditary

disorders (see, e.g., Kotronen et al, Arterioscler Thromb. Vasc. Biol. 2008, 28: 27-38).

[00146] Non-alcoholic steatohepatitis (NASH) can be NAFLD with signs of inflammation and
hepatic injury. In some embodiments, NASH can be defined histologically by macrovesicular
steatosis, hepatocellular ballooning, and lobular inflammatory infiltrates (Sanyal, Hepatol. Res.
2011. 41: 670-4). Some studies have estimated that NASH affects 2-3% of the general population.
In the presence of other pathologies, such as obesity or diabetes, some studies have reported the
estimated prevalence increases to 7% and 62% respectively (see, e.g., Hashimoto et al, J.

Gastroenterol. 2011. 46(1): 63-69).

[00147] Insome embodiments, the methods provided herein are suitable for treating liver disease,
NAFLD, hepatic steatosis, non-alcoholic steatohepatitis (NASH), liver cirrhosis, hepatocellular
carcinoma, alcoholic liver disease, alcoholic steatohepatitis (ASH), HCV hepatitis, chronic
hepatitis, hereditary hemochromatosis, or primary sclerosing cholangitis. Certain embodiments
provided herein are directed to compounds and compositions that reduce liver damage, steatosis,
liver fibrosis, liver inflammation, liver scarring or cirrhosis, liver failure, liver enlargement,

elevated transaminases, or hepatic fat accumulation in an animal.

[00148] Insome embodiments, the subject may have a secondary indication, e.g., an obese subject

or a subject prone to obesity for whom 1t is desirable to facilitate weight or body fat loss, weight
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or body fat maintenance, or to prevent or minimize weight gain over a specified period of time. In
some embodiments, the liver disease 1s non-alcoholic fatty liver disease (NAFLD). In some
embodiments, the liver disease is nonalcoholic steatohepatitis. In some embodiments, the liver

disease 1s liver fibrosis.

[00149] In some embodiments, the disclosure provides a method of reducing steatosis in the liver
of a subject having a liver disease, comprising administering to the subject: 1) an inhibitor of patatin
like phospholipase domain containing 3 (PNPLA3) expression; and ii) an agonist of glucagon
receptor and/or glucagon-like peptide-1 (GLP-1) receptor. In some embodiments, the total liver
steatosis 1s reduced in the subject compared to total liver steatosis when the inhibitor of PNPLA3
expression or the agonist of glucagon receptor GLP-1 receptor is administered alone. In some
embodiments, the total liver steatosis is reduced in the subject at least 30% compared to total liver
steatosis when the inhibitor of PNPLA3 expression or the agonist of glucagon receptor GLP-1
receptor is administered alone. In some embodiments, the total liver steatosis is reduced in the
subject at least 35%, at least 40%, at least 45%, at least 50%, at least 55% or at least 60% compared
to total liver steatosis when the inhibitor of PNPLA3 expression or the agonist of glucagon receptor

GLP-1 receptor is administered alone.

[00150] In some embodiments, the total liver steatosis 1s reduced in the subject at least 30%
compared to total liver steatosis when the inhibitor of PNPLA3 expression or the agonist of
glucagon receptor GLP-1 receptor 1s administered alone. In some embodiments, the total liver
steatosis is reduced in the subject at least 35%, at least 40%, at least 45%, at least 50%, at least
55% or at least 60% compared to total liver steatosis when the inhibitor of PNPLA3 expression

or the agonist of glucagon receptor GLP-1 receptor is administered alone.

[00151] In some embodiments, the disclosure provides a method of reducing inflammation in the
liver of a subject having a nonalcoholic fatty liver disease, comprising administering to the subject:
1) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3) expression; and 11) an
agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor. In some
embodiments, the inflammation in the liver is reduced in the subject at least 50% compared to
inflammation in the liver when the inhibitor of PNPLA3 expression or the agonist of glucagon

receptor GLP-1 receptor 1s administered alone. In some embodiments, the inflammation in the
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liver is reduced in the subject at least 55%, at least 60%, at least 65%, at least 70% or at least 75%
compared to inflammation in the liver when the inhibitor of PNPLA3 expression or the agonist of

glucagon receptor GLP-1 receptor is administered alone.

[00152] In some embodiments, the method of reducing liver collagen in a subject having a liver
disease, comprising administering to the subject: 1) an inhibitor of patatin like phospholipase
domain containing 3 (PNPLA3) expression; and ii) an agonist of glucagon receptor and/or
glucagon-like peptide-1 (GLP-1) receptor. In some embodiments, the liver collagen is reduced in
the subject at least 25% compared to liver collagen when the inhibitor of PNPLA3 expression or
the agonist of glucagon receptor GLP-1 receptor is administered alone. In some embodiments,
the liver collagen is reduced in the subject at least 30%, at least 35%, at least 40%, at least 45%,
or at least 50% compared to liver collagen when the inhibitor of PNPLA3 expression or the agonist

of glucagon receptor GLP-1 receptor is administered alone.

Pharmaceutical formulations

[00153] In some embodiments, the present disclosure provides a pharmaceutically acceptable
composition comprising inhibitor of patatin like phospholipase domain containing 3 (PNPLA3)
expression and an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor

and at least one pharmaceutically acceptable excipient.

[00154] The terms "composition" or "pharmaceutical composition" refer to compositions
containing an inhibitor of PNPLA3 expression and an agonist of glucagon receptor and/or GLP-1
receptor provided herein, along with e.g., pharmaceutically acceptable carriers, excipients, or
diluents for administration to a subject in need of treatment, e.g., a human subject with liver

disease.

[00155] The term "pharmaceutically acceptable" refers to compositions that are, within the scope
of sound medical judgment, suitable for contact with the tissues of human beings and animals
without excessive toxicity or other complications commensurate with a reasonable benefit/risk
ratio. "Pharmaceutical composition" or “pharmaceutical formulation” can include a mixture of
substances suitable for administering to an individual. For example, a pharmaceutical composition

may comprise one or more compounds or salt thereof and a sterile aqueous solution. In some
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embodiments, the pharmaceutical formulations comprise a pharmaceutically acceptable carrier or
diluent. "Pharmaceutically acceptable carrier or diluent" means any substance suitable for use in
administering to an individual. For example, a pharmaceutically acceptable carrier can be a sterile

aqueous solution, such as PBS or water-for-injection.

[00156] In some embodiments, the pharmaceutical formulations comprise a pharmaceutically
acceptable salt. "Pharmaceutically acceptable salts" means physiologically and pharmaceutically
acceptable salts of compounds, such as oligomeric compounds or oligonucleotides, 1.e., salts that
retain the desired biological activity of the parent compound and do not impart undesired

toxicological effects thereto.

[00157] Further provided are compositions, e.g., pharmaceutical compositions, that contain an
effective amount of an inhibitor of PNPLA3 expression and an agonist of glucagon receptor and/or
GLP-1 receptor as provided herein, formulated for the treatment of metabolic diseases, e.g., liver
disease. An "effective amount" is that amount of inhibitor of PNPLA3 expression and an agonist
of glucagon receptor and/or GLP-1 receptor as provided herein, the administration of which to a
subject, either in a single dose or as part of a series, is effective for treatment, e.g., treatment of
liver disease. This amount can be a fixed dose for all subjects being treated, or can vary depending
upon the weight, health, and physical condition of the subject to be treated, the extent of weight
loss or weight maintenance desired, the formulation of peptide, a professional assessment of the

medical situation, and other relevant factors.

[00158] Compositions of the disclosure can be formulated according to known methods. Suitable
preparation methods are described, for example, in Remington's Pharmaceutical Sciences, 19th
Edition, A. R. Gennaro, ed., Mack Publishing Co., Easton, Pa. (1995), which is incorporated herein
by reference in its entirety. Composition can be in a variety of forms, including, but not limited to
an aqueous solution, an emulsion, a gel, a suspension, lyophilized form, or any other form known
in the art In addition, the composition can contain pharmaceutically acceptable additives
mncluding, for example, diluents, binders, stabilizers, and preservatives. Once formulated,

compositions of the present disclosure can be administered directly to the subject.

[00159] Carriers that can be used with compositions of the present disclosure are well known in

the art, and include, without himitation, e.g., thyroglobulin, albumins such as human serum
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albumin, tetanus toxoid, and polyamino acids such as poly L-lysine, poly L-glutamic acid,
influenza, hepatitis B virus core protein, and the like. A variety of aqueous carriers can be used,
e.g., water, buffered water, 0.8% saline, 0.3% glycine, hyaluronic acid and the like. Compositions
can be sterilized by conventional, well known sterilization techniques, or can be sterile filtered. A
resulting composition can be packaged for use as is, or lyophilized, the lyophilized preparation
being combined with a sterile solution prior to administration. Compositions can contain
pharmaceutically acceptable auxiliary substances as required to approximate physiological
conditions, such as pH adjusting and buffering agents, tonicity adjusting agents, wetting agents
and the like, for example, sodium acetate, sodium lactate, sodium chloride, potassium chloride,
calcium chloride, sorbitan monolaurate, triethanolamineoleate, etc. In some embodiments, the

composition is formulated for parenteral administration.

[00160] In some embodiments, the disclosure provides for a kit comprising: 1) an inhibitor of
PNPLAS3 expression; and ii) an agonist of glucagon receptor and/or GLP-1 receptor. In some
embodiments, the inhibitor of PNPLA3 expression and the agonist of glucagon receptor and/or
GLP receptor are in the same dosage form in the kit. In some embodiments, the inhibitor of
PNPLAS3 expression and the agonist of glucagon receptor and/or GLP-1 receptor are in different

dosage form in the kit.

[00161] All references cited herein, including patents, patent applications, papers, textbooks and
the like, and the references cited therein, to the extent that they are not already, are hereby

incorporated herein by reference in their entirety.
EXAMPLES

Example 1 — Combined PNPLA3 silencing inhibition and incretin-based therapy a GLP-1
and Glucagon receptors dual agonist have superior efficacy on improving nonalcoholic
fatty liver disease (NAFLD), nonalcoholic steatohepatitis (NASH), and liver fibrosis

Introduction

[00162] Nonalcoholic fatty liver disease (NAFLD) and its more advanced pathogenic form,
nonalcoholic steatohepatitis (NASH), are unmet medical needs that affect a large and growing
population  (Younossi et al Nat Rev Gastroenterol Hepatol, 2018, DOI:
10.1038/nrgastro.2017.109). NAFLD is defined as excess liver fat accumulation (fatty liver)
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induced by causes other than alcohol intake and includes NAFL and NASH, fibrosis and cirrhosis.
Fatty liver progresses to steatohepatitis, NASH, with or without fibrosis in a variable proportion
of individuals, ultimately leading to liver cirrhosis, liver failure and hepatocellular carcinoma in

susceptible individuals (Friedman et al Nat Med, 2018, DOI: 10.1038/s41591-018-0104-9).

[00163] NAFLD and NASH have a strong genetic component. The most common mutation
associated with these conditions is the rs738409 variant (148M) of the patatin-like phospholipase
domain-containing 3 (PNPLA3) gene (Carlsson et al Aliment Pharmacol Ther, 2020, DOL
10.1111/apt. 15738). Pnpla3 silencing in the liver improves NAFLD, NASH and associated liver
fibrosis in a mouse model genetically engineered to carry the human risk allele variant (148M) in

the mouse Pnpila3 gene (Lindén et al Mol Metab, 2019, DOI: 10.1016/j. molmet.2019.01.013).

[00164] Obesity and type 2 diabetes mellitus (T2DM) are major risk factors for developing
NAFLD and NASH and treatments with incretin hormones that decrease body weight and improve
glucose homeostasis have been shown to improve NAFLD and NASH. Such incretin hormones
include peptide analogs that engage the glucagon-like peptide-1 (GLP-1) receptor, both the GLP-
1 and glucagon receptors, or the GLP-1 and gastric inhibitory polypeptide (GIP) receptors
(Newsome et al NEJM, 2020, DOIL: 10.1056/NEJMo0a2028395; Ambry et al Lancet, 2018,
DOI: 10.1016/80140-6736(18)30726-8; Boland et al Nat Metab, 2020, DOI: 10.1038/s42255-020-
0209-6 + Hartman et al Diabetes Care, 2020, DOI: 10.2337/dc19-1892; Kannt et al Diabetes Obes
Metab, 2020, DOI: 10.1111/dom.14035).

[00165] Tt was hypothesized that combined treatment with PNPLA3 silencing inhibition and
activation of incretin hormone receptors could have an additive beneficial effect on the treatment
of NAFLD, NASH, and liver fibrosis. In order to explore this, a genetically engineered mouse
model for the human PNPLA31148M NASH risk allele was used while fed a NASH-inducing diet.
These mice were then treated with; 1) a control antisense oligonucleotide (ASO); 2) a Pnpla3 ASO;
3) Cotadutide, a balanced GLP-1 receptor and glucagon receptor dual agonist peptide; or 4) a
combination of both Pnpla3 ASO and Cotadutide.

[00166] This study demonstrates for the first time that by combining a PNPLA3 ASO-silencing
inhibition treatment with an incretin-mimetic treatment (exemplified by Cotadutide), surprising,

superior beneficial treatment effects are achieved on NAFLD, NASH and liver fibrosis. The results
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achieved by the combination treatment show a synergistic effect compared to the respective

treatments on their own.

Materials and Methods

Murine Pnpla3 cEt 5'-GalNAcs-conjugated cEt ASO and Cotadutide

[00167] An optimal potent mouse S-constrained ethyl (cEt)-modified 16-mer ASO targeting the
mouse Pnpla3 gene (5'-TATTTTTGGTGTATCC-3") (SEQ ID NO: 37) was used (Lindén et al
Mol Metab, 2019, DOI: 10.1016/j.molmet.2019.01.013). This mouse Pnpla3 ASO was modified
by 5’-conjugation with triantennary N-acetylgalactosamine (GalNAcs) to further enhance the liver
cell targeting in vivo following subcutaneous administration. The specificity of target knockdown
was demonstrated using a chemistry-matched scrambled control GalNAcs- conjugated ASO (5'-
GGCCAATACGCCGTCA-3")(SEQ ID NO: 38). Cotadutide (MEDI0382) has been engineered to
balance GLP-1 receptor and glucagon receptor agonism (with a ~5:1 bias towards GLP-1 receptor

affinity) (Henderson et al Diabetes Obes Metab, 2016, DOI: 10.1111/dom.12735).

Animals

[00168] All animal experiments were performed with humane care and were approved by the
Gothenburg Ethics Committee for Experimental Animals in Sweden. The holding facility has
received full accreditation from the Association for Assessment and Accreditation of Laboratory
Animal Care (AAALAC). The human PNPLA3 1148M mutation was introduced into the mouse
Pnpla3 gene by replacing the isoleucine codon with a methionine codon in amino acid position
148 of the mouse Prpla3 gene using homologous recombination as described before (Lindén et al
Mol Metab, 2019, DOI: 10.1016/j. molmet.2019.01.013). Heterozygous Prpla3’#" mice were
intercrossed to generate experimental homozygous Pnpla3'#M knock-in mice for the
pharmacology study. All experimental animals were verified to have the correct genotype using
PCR before the study began and verified again using PCR after termination as described before
(Lindén et al Mol Metab, 2019, DOI: 10.1016/;.molmet.2019.01.013). All animals were housed in
transparent makrolon cages with aspen wood chip bedding and nesting material, and the
temperature- (21£1°C) and humidity (50+£10%) of the holding facility were controlled. The mice

had free access to tap water and food and were on a 12-h day/night cycle.
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[00169] Male Pnpla3'#"™M mice (6-8 weeks of age) were fed a diet high in fat (40 kcal % fat
(non-trans fat Primex Shortening), fructose (20 kcal %) and cholesterol (2%) (NASH diet;
D16022301, Research Diets, New Brunswick, NJ) for 22 weeks. The mice were then assigned to
study groups based on body weight, and fed the same NASH diet and dosed with either 1) control
ASO + saline, 2) Pnpla3 ASO + saline, 3) control ASO + Cotadutide, or 4) Pnpla3 ASO +
Cotadutide for 14 weeks. The ASOs were dosed at 5 mg/kg/week administered by two
subcutaneous injections per week with saline as vehicle. Cotadutide was dosed at 1 nmol/kg
administered by daily subcutaneous injections with saline as vehicle. The mice that did not receive
Cotadutide treatment were injected with the vehicle (saline) daily so that all animals received the
same number of subcutaneous injections. Body weights were recorded during the study. At
sacrifice, unfasted mice were euthanized with isoflurane (Forene, Abbot Scandinavia AB,
Sweden), blood was collected and plasma isolated, livers were collected, and pieces (same position
in the left lateral lobe for all mice) were fixed with 4% formaldehyde in PBS for histology or snap-

frozen in liquid N2 and stored at -80°C.

Liver histology

[00170] Four pm thick formaldehyde-fixed, paraffin-embedded mouse liver sections (one lover
section per mouse) were routinely stained with hematoxylin-eosin (HE). Adjacent sections were
immunohistochemically stained for collagen 1A1 (Coll A1, LS-C343921, BioSite, USA). Slides
were scanned into Panoramic Scan IT (3Dhistech, Hungary), and digital images were analyzed
using the image analysis program Visiopharm (version 2020.03.0.7300, Visiopharm, Horsholm,

Denmark) by detecting stained area per total section area for Galectin-3 or Collagen 1A1.

[00171] Laiver steatosis was determined by evaluation of the HE stained liver sections. Total liver
steatosis was determined by measuring the total amount of lipid droplets as a percentage area of
the section. Macrovesicular steatosis was determined by measuring the amount of large lipid
droplets as a percentage area of the section. Microvesicular steatosis was determined by measuring

the amount of small lipid droplets as a percentage area of the section.

[00172] Liver macrophages were determined by staining different liver sections with Galectin-3

(Mac2) and determining the percentage of the section stained.
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[00173] The NAFLD activity score (NAS) was determined according to the method reported by
Kleiner et al (Kleiner et al Hepatology, 2005, DOI: 10.1002/hep.20701). The NAS was based on
combining the liver steatosis score (steatosis <5% = score 0, 5%-33% = score 1, >33%-66% =
score 2, >66% = score 3) and inflammation score (no foci = score 0, <2 foci per 200x field = score
1, 2-4 foci per 200x field = score 2, >4 foci per 200x field = score 3). Hepatocellular ballooning
degeneration was not found in any of the mouse livers, and not unexpected since this is rarely
observed in preclinical rodent NASH models in contrast to human NASH pathology. All
histological assessments were performed by a board-certified veterinary pathologist who was

blinded to the treatment.

RNA preparation and gPCR

[00174] RNA was isolated from snap-frozen liver tissue using the RNeasy Mini Kit (Qiagen,
Germany). The cDNA templates were generated by reverse transcription with a cDNA kit
(ThermoFisher Scientific, Stockholm, Sweden) and used for real-time quantitative PCR with the
QuantStudio 7 Flex instrument (Applied Biosystems, Stockholm, Sweden). A commercial
complete assay was used to analyze the expression of the mouse Pnpla3 mRNA
(Mm00504420 m1, TagMan, Life Technologies Europe, Stockholm, Sweden). The results were
normalized to mouse ribosomal protein large PO (Rp/p0, 36B4) with forward primer 5'-
GAGGAATCAGATGAGGATATGGGA-3'(SEQ ID NO: 39), reverse primer 5'-
AAGCAGGCTGACTTGGTTGC-3" (SEQ ID NO: 40) and the FAM-TAM-labeled probe 5'-
TCGGTCTCTTCGACTAATCCCGCCAA-3" (SEQ ID NO: 41) (Sigma-Aldrich) as a reference

gene.

Statistical analysis

[00175] Differences between treatment groups were examined using 1-way ANOVA followed by
Tukey's post-hoc tests (GraphPad Prism v.8.0.1., GraphPad Software, CA). Differences between
treatment groups for the NAFLD activity score (NAS) derived from liver histology were analyzed
by ordinal regression analyses followed by correction of family-wise error rate using the Sidak
method. A p value less than 0.05 was considered significant. Data are presented as individual

values and means+standard errors of the means (SEMs).
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Results and Conclusions

Combined Pnpla3 ASO and Cotadutide treatment have additive effects on the improvement of

NAFLD, NASH and liver fibrosis in Pnpla3/*"M mice fed a NASH-inducing diet.

[00176] In order to study the combined treatment with Pnpla3 ASO and Cotadutide, homozygous
Pnpla3'#MM knock-in mice were fed a NASH-inducing diet for 36 weeks. During the last 14
weeks, they were also treated with either Pnpla3 ASO or Cotadutide alone or in combination and
compared with control ASO treated animals (all mice received the same number of subcutaneous
injections). Cotadutide treatment, but not Pnpla3 ASO treatment reduced body weight-gain during
the treatment period compared to control ASO treated animals (Figure 1A). Pnpla3 ASQ treatment,
but not Cotadutide treatment markedly reduced liver Pnpla3 mRNA levels by >97% (Figure 1B).

[00177] Total liver steatosis (Figure 2A), macrovesicular steatosis (Figure 2B) and
microvesicular steatosis (Figure 2C) were determined as described. Stained sections are shown in
Figure 2D, with the percentage of total lipid droplets per area provided for each section. As can be
seen in Figures 2A-C, combination treatment with Pnpla3 ASO and Cotadutide significantly
reduced all types of steatosis compared to either treatment alone. The percentage of liver
macrophages (Figure 3A) and the inflammation score (Figure 3B) were determined for each
treatment as described. As shown in Figures 3A and 3B, liver macrophages and inflammation

scores were reduced in all treatment arms compared with control.

[00178] The NAFLD activity score (NAS) was calculated as described above. Pnpla3 ASO
treatment reduced the NAS compared to control ASO treated animals (p<0.005) (Figure 4).
Cotadutide treatment also reduced the NAS compared to control ASO treated animals (p<0.001)
(Figure 4). Importantly, combined Pnpla3 ASO and Cotadutide treatment reduced the NAS
compared to control ASO treated animals (p<0.001), compared to Pnpla3 ASO treated animals
(»p<0.001), and compared to Cotadutide treated animals (p<0.001) (Figure 4). These results show
that combined treatment with Pnpla3 knock-down inhibition and a dual GLP-1 and glucagon

receptors agonist have an improved beneficial treatment effect on improving NAFLD and NASH.

[00179] Pnpla3 ASO treatment tended to reduce liver fibrosis measured as liver collagen 1A1

content and also Cotadutide treatment tended to reduce the liver collagen 1A1 content (Figure 5).



WO 2022/259145 PCT/1IB2022/055292
49

Importantly, combined Pnpla3 ASO and Cotadutide treatment significantly reduced the liver
collagen 1A1 content compared to control ASO treated animals (p<0.005) (Figure 5). Thus, these
results show that combined treatment with Pnpla3 knock-down inhibition and a dual GLP-1 and

glucagon receptors agonist have a superior beneficial treatment effect on improving liver fibrosis.
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CLAIMS
What is claimed is:
1. A method of treating a liver disease in a subject, comprising administering to the subject:

1) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3) expression;
and

i1) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor.

2. The method of claim 1, wherein the inhibitor of PNPLA3 expression is an antisense

oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLA3.

3. The method of claim 2, wherein the antisense oligonucleotide is complementary to a site

within nucleotides 5567-5731 of the nucleic acid encoding PNPLA3.

4, The method of claim 2, wherein the antisense oligonucleotide is complementary to a site

within nucleotides 5644-5731 of the nucleic acid encoding PNPLA3.

5. The method of claim 2, wherein the antisense oligonucleotide is complementary to a site

within nucleotides 5567-5642 of the nucleic acid encoding PNPLA3,

6. The method of claim 2, wherein the antisense oligonucleotide is complementary to a site

within nucleotides 5567-5620 of the nucleic acid encoding PNPLA3,

7. The method of any of claims 2 to 6, wherein the nucleic acid encoding PNPLAS3 is an
mRNA.
8 The method of any of claims 2 to 7, wherein the antisense oligonucleotide is from 12 to

30 nucleosides in length.

9. The method of any of claims 2 to 7, wherein the antisense oligonucleotide is from 16 to

30 nucleosides in length.

10. The method of any of claims 2 to 9, wherein the antisense oligonucleotide comprises one

or more modified sugar moieties.
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11. The method of claim 10, wherein the one or more modified sugar moieties are 2'-deoxy,
2'-0-methyl, 2'-O-methoxymethyl, 2'-O-methoxyethyl, 2'-fluoro, 4'-CH(CH3)-0O-2', 4'-CH2-0-
2', 4'-(CH2)2-0-2' or combinations thereof.

12. The method of any of claims 2 to 11, wherein the antisense oligonucleotide comprises

one or more modified bases.

13. The method of claim 12, wherein the one or more modified bases are S-methylcytosine.
14. The method of claim 13, wherein every cytosine in the antisense oligonucleotide is
S'methylcytosine.

15. The method of any of claims 2 to 14, wherein the antisense oligonucleotide comprises

one or more non-natural internucleoside linkages.

16. The method of claim 15, wherein the one or more internucleoside linkages are

phosphorothioate linkages.

17. The method of claim 16, wherein every internucleoside linkage 1s a phosphorothioate
linkage.
18. The method of any of claims 2 to 17, wherein the antisense oligonucleotide comprises a

sequence having at least 8 contiguous bases of any one of SEQ ID NOs: 2, 3,4, 5,6, 7, 8,9and
10.

19. The method of any of claims 2 to 17, wherein the antisense oligonucleotide comprises

one of SEQID NOs: 2,3,4,5,6,7,8,9and 10.

20. The method of any of claims 2 to 19, wherein the antisense oligonucleotide comprises:
a) a gap segment consisting of ten linked deoxynucleosides;
b) a 5' wing segment consisting of three linked nucleosides; and

¢) a 3’ wing segment consisting of three linked nucleosides;
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wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing segment,
wherein each nucleoside of each wing segment comprises a constrained ethyl sugar,
wherein each internucleoside linkage is a phosphorothioate linkage, and wherein each cytosine is

a 5-methylcytosine.

21. The method of any of claims 2 to 20, wherein the inhibitor of the PNPLA3 expression

further comprises a conjugate group.

22. The method of claim 21, wherein the conjugate group is at the 5' end of the antisense

oligonucleotide.

23, The method of claim 21 or 22, wherein the conjugate group is:

HO Ol1

O H
O\/ﬁ\/ N
HO h \H/@Z\ o
AcHN o

(@)
HO 7H

o ¢
Q
HO \/6.)4\/ WO
AcHN o

OH

O O
NWNM
H H .
HO

% o i
HO i \/ﬁl\/ Wo
AcHN 8

24, The method of any of claims 1 to 23, wherein the inhibitor of PNPLA3 expression is a
compound of the following formula (SEQ ID NO: 2):
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or a pharmaceutically acceptable salt thereof.

25, The method of any of claims 1 to 24, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is a peptide.

26. The method of claim 25, wherein the peptide comprises the amino acid sequence:
HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30
(SEQ ID NO: 25)
wherein,
(HX2isS,X10is Y, X121s K, X13is K, X15is D, X161s S, X17 s E, X18 is R, X20 is
R,X211sD, X235V, X241s A, X27 1s V, X28 is A, and X30 is G (SEQ ID NO:
14);
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2)X2is S, X10is K, X121s E, X13is Y, X15is D, X161s S, X171s E, X18 is R, X20 is
R, X211sD,X231sV, X24 1s A, X27is E, X28 is A, and X30 1s G (SEQ ID NO:
15);

(3)X2is S, X10is K, X12is K, X13is Y, X15is E, X16 is G, X17is Q, X18 is A, X20
isK,X21is E, X23 is I, X24 is A, X27is E, X28 1s K, and X30 is R (SEQ ID NO:
20),

@ X21sS,X101sK, X121s S, X131s Y, X151s D, X161s S, X17 is R, X18 is S, X20 1s
R, X211sD,X231sV, X24 1s A, X271s E, X28 is A, and X30 1s G (SEQ ID NO:
18);

(9)X2is S, X10isK, X121sE, X13is Y, X15is D, X161s S, X171s E, X18 is R, X20 is
R,X21i1sD, X231V, X241s A, X27 1s E, X28 is A, and X30 is G (SEQ ID NO:
33); or

(0)X21s S, X10is K, X121s S, X131s Y, X151s D, X161s S, X17 is R, X18 is R, X20 1s
R,X211sD, X235V, X24is A, X271s E, X28 is A, and X30 is G (SEQ ID NO:19).

27. The method of claim 25, wherein the peptide comprises the amino acid sequence

HSQGTFTSDKSEYLDSERARDFVAWLEAGG (SEQ ID NO: 33).

28. The method of any of claims 25 to 27, wherein the peptide further comprises a

modification to an amino acid in the amino acid sequence.
29, The method of claim 28, wherein the modification is the addition of an acyl moiety.

30. The method of claim 29, wherein the modification is a palmitoyl moiety on the

N(epsilon) group of a lysine residue.
31. The method of claim 30, wherein the palmitoyl group is linked to the lysine via a linker.
32. The method of claim 31, wherein the linker is gamma glutamic acid.

33. The method of any of claims 1 to 32, wherein the inhibitor of PNPLA3 expression and

the agonist of glucagon receptor and/or GLP-1 receptor are administered concomitantly.
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34. The method of any of claims 1 to 32, wherein the inhibitor of PNPLA3 expression and
the agonist of glucagon receptor and/or GLP-1 receptor are administered within 1 hour of one

another.

35. The method of any of claims 1 to 32, wherein the inhibitor of PNPLA3 expression and
the agonist of glucagon receptor and/or GLP-1 receptor are administered within 24 hours of one

another.

36. The method of any of claims 1 to 32, wherein the inhibitor of PNPLA3 expression and
the agonist of glucagon receptor and/or GLP-1 receptor are administered within 72 hours of one

another.

37. The method of any of claims 1 to 32, wherein the inhibitor of PNPLA3 expression and
the agonist of glucagon receptor and/or GLP-1 receptor are administered within one week of one

another.

38. The method of any of claims 1 to 32, wherein the inhibitor of PNPLA3 expression and
the agonist of glucagon receptor and/or GLP-1 receptor are administered within two weeks of

one another.

39. The method of any of claims 1 to 38, wherein the inhibitor of PNPLA3 expression is

administered parenterally.

40. The method of any of claims 1 to 39, wherein the inhibitor of PNPLA3 expression is

administered daily, twice daily or three times daily.

41. The method of any of claims 1 to 39, wherein the inhibitor of PNPLA3 expression is

administered weekly, twice weekly or three times weekly.

42. The method of any of claims 1 to 39, wherein the inhibitor of PNPLA3 expression is

administered monthly, twice monthly or three times monthly.

43, The method of any of claims 1 to 42, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is administered parenterally.
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44, The method of any of claims 1 to 42, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is administered daily, twice daily or three times daily.

45, The method of any of claims 1 to 42, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is administered weekly, twice weekly or three times weekly.

46. The method of any of claims 1 to 42, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is administered monthly, twice monthly or three times monthly.

47. The method of any of claims 1 to 46, wherein the subject is obese and/or has type 2

diabetes mellitus.

48. The method of any of claims 1 to 47, wherein the liver disease i1s non-alcoholic fatty liver
disease (NAFLD).

49, The method of any of claims 1 to 47, wherein the liver disease is nonalcoholic
steatohepatitis.

50. The method of any of claims 1 to 47, wherein the liver disease is liver fibrosis.

51 A method of reducing steatosis in the liver of a subject having a liver disease, comprising

administering to the subject:
1) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3) expression;
and

i1) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor.

52. The method of claim 51, wherein the inhibitor of PNPLA3 expression is an antisense

oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLA3.

53. The method of claim 52, wherein the antisense oligonucleotide is from 12 to 30

nucleosides in length.

54. The method of claim 52, wherein the antisense oligonucleotide is from 16 to 30

nucleosides in length.
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55. The method of any of claims 52 to 54, wherein the antisense oligonucleotide comprises a
sequence having at least 8 contiguous bases of any one of SEQ ID NOs: 2, 3,4, 5,6, 7, 8, 9and
10.

56. The method of any of claims 52 to 54, wherein the antisense oligonucleotide comprises

one of SEQID NOs: 2,3,4,5,6,7,8,9and 10.

57. The method of any of claims 52 to 56, wherein the antisense oligonucleotide comprises:

a) a gap segment consisting of ten linked deoxynucleosides;

b) a 5’ wing segment consisting of three linked nucleosides; and

c) a 3' wing segment consisting of three linked nucleosides;

wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing
segment, wherein each nucleoside of each wing segment comprises a constrained ethyl sugar;
wherein each internucleoside linkage 1s a phosphorothioate linkage and wherein each cytosine is

a 5-methylcytosine.

S8. The method of any of claims 51 to 57, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is a peptide.

59. The method of claim 58, wherein the peptide comprises the amino acid sequence:
HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30
(SEQ ID NO:25)
wherein,
(HX2isS,X10is Y, X121s K, X13is K, X15is D, X161s S, X17 s E, X18 is R, X20 is
R, X211sD,X231s V,X241s A, X27 1s V, X28 1s A, and X30 1s G (SEQ ID NO:
14);
2)X21s S, X10isK, X121sE, X131s Y, X151s D, X161s S, X171s E, X18 is R, X20 is
R, X211sD,X231sV, X24 is A, X27 1s E, X28 1s A, and X30 is G (SEQ ID NO:
15);
(3)X2is S, X10is K, X12is K, X13is Y, X15is E, X16 is G, X17 is Q, X18 is A, X20
1sK, X211s E, X23 s I, X24 1s A, X27 1s E, X28 is K, and X30 1s R (SEQ ID NO:
20);
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(HX21sS,X101s K, X121is S, X131is Y, X151s D, X161s S, X17is R, X18 is S, X20 is
R, X211sD,X231sV, X241s A, X271s E, X28 1s A, and X30 1s G (SEQ ID NO:

18);

(5)X21s S, X101s K, X121sE, X131s Y, X15is D, X161s S, X17 is E, X18 is R, X20 1s
R,X211sD,X231sV, X24 is A, X27 is E, X28 is A, and X30 is G (SEQ ID NO:
33); or

(6) X215 S, X101sK, X121s S, X131s Y, X151s D, X161s S, X171s R, X18 is R, X20 1s
R, X211sD,X231sV, X241s A, X271s E, X28 1s A, and X30 1s G (SEQ ID NO: 19).

60. The method of any one of claims 51 to 59, wherein total liver steatosis 1s reduced in the
subject compared to total liver steatosis when the inhibitor of PNPLA3 expression or the agonist

of glucagon receptor GLP-1 receptor is administered alone.

61. The method of any one of claims 51 to 59, wherein total liver steatosis 1s reduced in the
subject at least 30% compared to total liver steatosis when the inhibitor of PNPLA3 expression

or the agonist of glucagon receptor GLP-1 receptor is administered alone.

62. The method of any one of claims 51 to 59, wherein total liver steatosis is reduced in the
subject at least 30% compared to total liver steatosis when the inhibitor of PNPLA3 expression

or the agonist of glucagon receptor GLP-1 receptor is administered alone.

63. The method of any of claims 51 to 62, wherein the liver disease is non-alcoholic fatty
liver disease (NAFLD).

64. The method of any of claims 51 to 62, wherein the liver disease is nonalcoholic
steatohepatitis.

65. The method of any of claims 51 to 62, wherein the liver disease is liver fibrosis.

66. A method of reducing inflammation in the liver of a subject having a nonalcoholic fatty

liver disease, comprising administering to the subject:
1) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3) expression;
and

11) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor.
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67. The method of claim 66, wherein the inhibitor of PNPLA3 expression is an antisense

oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLA3.

68. The method of claim 67, wherein the antisense oligonucleotide is from 12 to 30

nucleosides in length.

69. The method of claim 67, wherein the antisense oligonucleotide is from 16 to 30

nucleosides in length.

70. The method of any of claims 67 to 69, wherein the antisense oligonucleotide comprises a
sequence having at least 8 contiguous bases of any one of SEQID NOs: 2, 3,4, 5,6,7, 8, 9and
10.

71. The method of any of claims 67 to 69, wherein the antisense oligonucleotide comprises

one of SEQ ID NOs: 2, 3,4, 5,6, 7,8, 9 and 10.

72. The method of any of claims 67 to 71, wherein the antisense oligonucleotide comprises:

a) a gap segment consisting of ten linked deoxynucleosides;

b) a 5' wing segment consisting of three linked nucleosides; and

¢) a 3’ wing segment consisting of three linked nucleosides;

wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing
segment, wherein each nucleoside of each wing segment comprises a constrained ethyl sugar;
wherein each internucleoside linkage is a phosphorothioate linkage and wherein each cytosine is

a 5-methylcytosine.

73. The method of any of claims 66 to 72, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is a peptide.

74. The method of claim 73, wherein the peptide comprises the amino acid sequence:
HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30
(SEQ ID NO:25)

wherein,
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(1H)X2is S, X10is Y, X121s K, X13is K, X15is D, X161s S, X17 1s E, X18 is R, X20 is
R, X211sD,X231sV,X241s A, X27 13V, X28 15 A, and X30 1s G (SEQ ID NO:
14);

2)X2is S, X10isK, X121sE, X13is Y, X15is D, X161s S, X171s E, X18 is R, X20 is
R,X211sD, X235V, X241s A, X271s E, X28 is A, and X30is G (SEQ ID NO:

15),

3)X21s S, X101s K, X121s K, X131s Y, X151sE, X161s G, X17 15 Q, X18 1s A, X20
isK,X211sE, X23 1s1, X241s A, X27 1s E, X28 1s K, and X30 1s R (SEQ ID NO:
20);

4 X218, X10is K, X121s S, X131s Y, X151s D, X161s S, X17is R, X18is S, X20 is
R,X211sD, X235V, X241s A, X27 1s E, X28 is A, and X30 is G (SEQ ID NO:
18),

(5)X21s S, X101s K, X121sE, X131s Y, X151s D, X161s S, X17is E, X18 is R, X20 1s
R,X211sD, X235V, X241s A, X271s E, X28 is A, and X30is G (SEQ ID NO:
33); or

(6)X21s S, X101s K, X121s S, X131s Y, X151s D, X161s S, X17 is R, X18 is R, X20 15
R, X211sD,X23 15V, X241s A, X271s E, X28 1s A, and X30 1s G (SEQ ID NO:19).

The method of any one of claims 50 to 58, wherein inflammation in the liver is reduced

in the subject at least 50% compared to inflammation in the liver when the inhibitor of PNPLA3

expression or the agonist of glucagon receptor GLP-1 receptor is administered alone.

76.

A method of reducing liver collagen in a subject having a liver disease, comprising

administering to the subject:

77.

1) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3) expression;
and

i1) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor.

The method of claim 76, wherein the inhibitor of PNPLA3 expression is an antisense

oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLA3.

78.

The method of claim 77, wherein the antisense oligonucleotide 1s from 12 to 30

nucleosides in length.
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79. The method of claim 77, wherein the antisense oligonucleotide is from 16 to 30
nucleosides in length.
80. The method of any of claims 77 to 79, wherein the antisense oligonucleotide comprises a

sequence having at least 8 contiguous bases of any one of SEQID NOs: 2, 3,4, 5,6,7, 8, 9and
10.

81. The method of any of claims 77 to 79, wherein the antisense oligonucleotide comprises

one of SEQ ID NOs: 2, 3,4, 5,6,7,8, 9 and 10.

82. The method of any of claims 77 to 81, wherein the antisense oligonucleotide comprises:

a) a gap segment consisting of ten linked deoxynucleosides;

b) a 5' wing segment consisting of three linked nucleosides; and

¢) a 3' wing segment consisting of three linked nucleosides;

wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing
segment, wherein each nucleoside of each wing segment comprises a constrained ethyl sugar;
wherein each internucleoside linkage is a phosphorothioate linkage and wherein each cytosine is

a 5-methylcytosine.

83. The method of any of claims 76 to 82, wherein the agonist of glucagon receptor and/or

GLP-1 receptor is a peptide.

84. The method of claim 83, wherein the peptide comprises the amino acid sequence:
HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30
(SEQ ID NO:25)
wherein,
(1)X21sS, X108 Y, X12is K, X131s K, X15is D, X161s S, X171s E, X18 1s R, X20 is
R,X211sD,X231sV,X24is A, X27 1s V, X28 is A, and X30 is G (SEQ ID NO:
14),
2)X21s S, X101sK, X121sE, X131s Y, X151s D, X161s S, X171s E, X18 is R, X20 is
R,X211sD, X23 15V, X241s A, X271s E, X28 1s A, and X301s G (SEQ ID NO:
15);



WO 2022/259145 PCT/1IB2022/055292
62

(3)X2is S, X10is K, X12is K, X13is Y, X15is E, X16 is G, X17 is Q, X18 is A, X20
isK,X211sE, X231s1, X241s A, X27 1s E, X28 1s K, and X30 i1s R (SEQ ID NO:
20);

@ X2is S, X10is K, X121s 8, X131s Y, X151s D, X161s S, X17 is R, X18 is S, X20 is
R,X211sD, X235V, X241s A, X271s E, X28 is A, and X30is G (SEQ ID NO:
18),

(5)X21s S, X101s K, X121sE, X131s Y, X151s D, X161s S, X171s E, X18 1s R, X20 1s
R, X211sD,X23 15V, X241s A, X271s E, X28 1s A, and X30 1s G (SEQ ID NO:
33), or

(6)X21is S, X10is K, X121s S, X131s Y, X151s D, X161is S, X17is R, X18 is R, X20 is
R,X211sD, X235V, X241s A, X27 is E, X28 is A, and X30 is G (SEQ ID NO:19).

85. The method of any one of claims 50 to 84, wherein liver collagen is reduced in the
subject at least 25% compared to liver collagen when the inhibitor of PNPLA3 expression or the

agonist of glucagon receptor GLP-1 receptor 1s administered alone.

86. The method of any of claims 50 to 85, wherein the subject is obese and/or has type 2

diabetes mellitus.

87. The method of any of claims 50 to 85, wherein the liver disease is nonalcoholic
steatohepatitis.

88. The method of any of claims 50 to 85, wherein the liver disease 1s liver fibrosis.
89. A pharmaceutically acceptable composition comprising;

1) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3) expression;
11) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor;

ii1) at least one pharmaceutically acceptable excipient.

90. The composition of claim 89, wherein the inhibitor of PNPLA3 expression is an antisense

oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLLA3.
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91. The composition of claim 90, wherein the antisense oligonucleotide comprises a
sequence having at least 8 contiguous bases of any one of SEQ ID NOs: 2, 3,4, 5,6, 7, 8, 9and
10.

92. The composition of claim 90, wherein the antisense oligonucleotide comprises one of

SEQID NOs: 2,3,4,5,6,7,8,9and 10.

93. The composition of any of claims 90 to 92, wherein the antisense oligonucleotide
comprises:

a) a gap segment consisting of ten linked deoxynucleosides;

b) a 5' wing segment consisting of three linked nucleosides; and

¢) a 3’ wing segment consisting of three linked nucleosides;

wherein the gap segment is positioned between the 5" wing segment and the 3’ wing
segment, wherein each nucleoside of each wing segment comprises a constrained ethyl sugar;
wherein each internucleoside linkage is a phosphorothioate linkage and wherein each cytosine is

a 5-methylcytosine.

94. The composition of any of claims 89 to 93, wherein the agonist of glucagon receptor

and/or GLP-1 receptor is a peptide.

95. The composition of claim 94, wherein the peptide comprises the amino acid sequence:
HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30
(SEQ ID NO:25)
wherein,
(1)X21s S, X101s Y, X121s K, X131s K, X15i1s D, X161s S, X171s E, X18 is R, X20 is
R, X211sD, X231V, X241s A, X27 15V, X28 1s A, and X30 1s G (SEQ ID NO:
14),
(2)X21s S, X101s K, X121sE, X131s Y, X151s D, X161s S, X17 1s E, X18 is R, X20 1s
R, X21is D, X23is V, X24 is A, X27 is E, X28 is A, and X30 is G (SEQ ID NO:
15);
(3)X2is S, X10is K, X12is K, X13is Y, X15is E, X16 is G, X17 is Q, X18 is A, X20
1sK,X211s E, X23 is 1, X24 is A, X27is E, X28 1s K, and X30 1s R (SEQ ID NO:
20),
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(HX21sS,X101s K, X121is S, X131is Y, X151s D, X161s S, X17is R, X18 is S, X20 is
R, X211sD,X231sV, X241s A, X271s E, X28 1s A, and X30 1s G (SEQ ID NO:
18);

(5)X21s S, X101s K, X121sE, X131s Y, X15is D, X161s S, X17 is E, X18 is R, X20 1s
R,X211sD,X231sV, X24 is A, X27 is E, X28 is A, and X30 is G (SEQ ID NO:
33); or

(6) X215 S, X101sK, X121s S, X131s Y, X151s D, X161s S, X171s R, X18 is R, X20 1s
R, X211sD,X231sV, X241s A, X27 is E, X28 1s A, and X30 1s G (SEQ ID NO:19).

96. The composition of any of claims 89 to 95, wherein the composition is formulated for

parenteral administration.

97. A kit comprising:
1) an inhibitor of patatin like phospholipase domain containing 3 (PNPLA3) expression,
and

11) an agonist of glucagon receptor and/or glucagon-like peptide-1 (GLP-1) receptor.

98. The kit of claim 97, wherein the inhibitor of PNPLA3 expression is an antisense

oligonucleotide that is complementary to a region of a nucleic acid encoding PNPLA3.

99. The kit of claim 98, wherein the antisense oligonucleotide comprises a sequence having

at least 8 contiguous bases of any one of SEQ ID NOs: 2, 3,4, 5,6, 7, 8, 9and 10.

100. The kit of claim 98, wherein the antisense oligonucleotide comprises one of SEQ ID

NOs: 2,3,4,5,6,7,8, 9and 10.

101.  The kit of any of claims 98 to 100, wherein the antisense oligonucleotide comprises:
a) a gap segment consisting of ten linked deoxynucleosides;
b) a 5' wing segment consisting of three linked nucleosides; and
¢) a 3' wing segment consisting of three linked nucleosides;
wherein the gap segment is positioned between the 5’ wing segment and the 3’ wing
segment, wherein each nucleoside of each wing segment comprises a constrained
ethyl sugar; wherein each internucleoside linkage is a phosphorothioate linkage and

wherein each cytosine is a S-methylcytosine.
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102. The kit of any of claims 97 to 101, wherein the agonist of glucagon receptor and/or GLP-

1 receptor is a peptide.

103.  The kit of claim 102, wherein the peptide comprises the amino acid sequence:
HX2QGTFTSDX10SX12X13LX15X16X17X18AX20X21FX23X24WLX27X28GX30
(SEQ ID NO:25)
wherein,
(HX2isS,X10is Y, X121s K, X13is K, X15is D, X161s S, X17 s E, X18 is R, X20 is
R,X211sD, X235V, X241s A, X27 1s V, X28 is A, and X30 is G (SEQ ID NO:
14);
2)X21s S, X10isK, X121sE, X131s Y, X151s D, X161s S, X171s E, X18 is R, X20 is
R,X211sD, X235V, X241s A, X271s E, X28 1s A, and X301s G (SEQ ID NO:
15);
(3)X2is S, X10is K, X12is K, X13is Y, X15is E, X16 is G, X17 is Q, X18 is A, X20
1sK,X211sE, X23 is1, X241s A, X271s E, X28 1s K, and X30 1s R (SEQ ID NO:
20);
(X215 S, X101sK, X121is S, X131is Y, X151s D, X161s S, X171s R, X18 is S, X20 18
R,X211sD, X235V, X241s A, X271s E, X28 is A, and X30is G (SEQ ID NO:
18);
) X21sS, X10isK, X121sE, X131s Y, X151s D, X161s S, X171s E, X18 is R, X20 is
R,X211sD, X23 15V, X241s A, X271s E, X28 1s A, and X301s G (SEQ ID NO:
33); or
(0)X21is S5, X10is K, X121s S, X131s Y, X151s D, X161is S, X17 s R, X18 is R, X20 is
R, X211sD,X231sV, X24 is A, X27 is E, X28 1s A, and X30 is G (SEQ ID NO:19).
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FIGURE 2
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FIGURE 3
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FIGURE 5
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<110>
<120>
<130> 20112

<140>
<141>

<160> 41
<170>
<216> 1
<211> 33500
<212> DNA
<213> Homo

<400> 1
gaacactgag

cccagttgca
agagagagag
ggtgctttct
catggtacag
cactggctgt
tggaggctgg
ctctttgtct
gggggtgagt
agatgtccag
ctgtggctgg
ccagagcctg
atgggtacag
ccgcagccct

ccctctccag

ASTRAZENECA AB

9-US-PSP

sapiens

ttcaagataa
gatggggcta
agagagagat
gttcatcaca
atataaaaag
ctgatgccaa
atggggggct
ctggaaagtg
cctcagccct
tgtggctggc
tggcagggtyg
gccctcctgt
gaggctagag
gagcgtgagg

Caaagccaac

SEQUENCE LISTING

PatentIn version 3.5

gaaatgttta
tgcgtagcag
gggatcaggg
tttaacttca
tgaagctctg
agcttgcagt
gagagagctg
gggagggccc
gctcctgtcc
caagaatgaa
actcatctcg
cattagtcct
gttctgaccc

tggggstegga

acgtcaggaa

taactctgtg
tgagagtggsg
ataagggcag
caatgcccct
agagatgaaa
ctcaaccatg
gaccatgaaa
ccagctgctg
tgcccacatc
tgccggtgga
ggccttcggt
aagactggtc
cagctgtccc

gggcagttag

tagatgggac

ctggcagcca
agacacagag
tactgccagg
cacacaactg
tgatgcttgc
atatcatgtg
cccttgccca
tctacatgca
tgggtcacac
caggaagaga
cacagcctca
atgcaatgca
ctccagaagc

ggcaggactg

cccctgtctg

COMBINATION THERAPIES FOR TREATMENT OF LIVER DISEASES

agagctggat
acagggactg
cactgggctg
ttttctcccc
gagtcttgtg
cctgtcccac
gctgggtcect
gtgacgaaga
tggggatgac
atatgaatgc
aattcctgtg
ggagggatgg
ctcagttccg
taggtaatgc

cttctcagct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



ctcctgacct
aagtgtctat
cctgggattc
gcaaggcaaa
accaatccag
caacaccacc
ccccaaagct
ggtccactcc
tggaccaagg
ggtaggtcaa
tttgtgtccc
aggcggessc
tgcccttatc
tacctctcac
actgtgagac
ggaggctgag
tgaaacccca
aatcccagct
gcagtgggcc
ctcttgtttg
ggactaaggg
ttcctacagg
gaaactttga
gaaggcaatc

cctgctttag

tccccgggac
gtgatgaggc
ctgcccagag
agcaaggact
gtgcttctca
agtcattctg
cacatactct

agctggggsc

tctaacttgg
ggtcaagggg
cactaaaggt
ctttggaagg
aaagaggccc
cagggaccaa
agagaaataa
gtgggtgatg
tctctactaa
actcgtgagg
aagatcgtgc
taagcccctc
accaggaatc
gccecgaccc
aatggacact
atacagaaag

gctggctctc

ttaggacctg
agtcagccca
aaaggaggca
gcagcagaat
ggtgacattt
cagttgagga
gcattcctcc
gctatggccc
ctccatgtac
cctcttaggc
catctgttga
tgatttgatg
agaggtgagg
atctgctggt
gccaggcgaa
acttgaggtc
aaatacaaaa
ctgaggcagg
cattgcactc
cgctttaagg
atccaggcct
cagccccagce
tcctgttact
cctgcaacaa

cccgggtcaa

accctgectt
ggtattcact
gccctgetcec
ggggaagctc
ggaatcctga
cactgagcca

aggtctcacg

ggcagaccag
tgctgtgggc
atctcctaag
aatcctacac
agagggtgsc
atgtggcaag
atcttgaact
gtggctcacc
aggagttcta
aattagtcag
agaatccctt
cagcctgggg
tgttttgttt
cagcttccca
acccgtcatt
ttcattcaat
cgcagagagt

aagggacgtg

gctctgggcc
aaggcctgaa
cagctcccct
agttgaacat

cagcaatgtc

caaagagggc

gagaagggeesg

ggtcctccag
ttgctccacc
ggcatgctac
cttaaggtga
acccttatga
atggcacctt
tgggctttcc
cctgtaatcc
gactagcctg
gcatggtggc
gaacccggga
ggaaaaagat
tcgcacctga
aagcactccc
cacatttttt
gaaaaaaatc
agactcttca

ataaagtgtt

tccatctaca
gctcccatgc
acccctccag
gaaccaccca
acctgtttta
agaggcctga
agggcttcct
tgaggagctc
cagtgccagg
tatccaaatg
tgatctttgg
atgggattgg
ctacgagcca
agcctccaga
cagcattttg
gccaacatgg
gcatgcttgt
ggaagaggct
agaaataaat
acggactaag
cactccccag
acttacaaag
cccagcactt
ggtggtggtg

aaagtgatgt

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1980

2040

2100

2160

2220

2280

2340

2400



taaggatcaa
aggaaaacag
aaatgctttc
tccgccatcg
catcccccgc
tcctgececcge
gacgtcgcgc
cgeeggecees
taacccgcgc
gtccttcgceg
cgagcacgcc
gttgcactgc
ggctccacgt
ggggecectgg
tccgaggcag
ccccgagegg
ggcgececgtg
gacggggagt
gtcccctgtg
ctgggccgga

ggattgaggg

tttttgagac

cactgcaagc

gggactacag

ggtttcaccg

gtgggcacca
aaggaagccg
tctcgagtcg
ccctcccagc
cagacgtcgt
tcattgggcc
tgggaatgcc
agctgctgceg
ccccgeececg
ggctgegget
ccgcacctcc
gtcggcgtcc
gcggagtggg
aggageggsc
atgcttcctg
tccgggecga
catgaaggga
agggageges
tcctctcggg
caaagagtgg
actcaagaca
ggagtttcgc
tccacctccc
gcgccagceca

tgttagccag

actgcgactc
tttctctcca
ctgcggggag
ccececgececcc
ccccaccccc
tccecgeeggc
ctggccgaga
gatcaggacc
ccgecgecegce
tcctgggcett
tccgcgacgc
tctccggtat
tgccccctag
atcggacgcg
cgggggegct
agcctgggac
gaccctcacc
acccgggecs

aggggctgga

ggctttggcec
ccccgegect
tcagtcgccc
aggttcacgc
ccaagcccgg

gatggtctcg

ccctcccacc
ggacatgcag
ctcccaggct
aatccccctc
atccccctcc
tcatttgcat
cactgaggca
cgagccgatt
catgtacgac
ctaccacgtc
gcgcatgttg
cccgectgggt
geegggegasc
gacacggegg
gttcctgggc
tctcgtgegt
tccggactga
gagggtagtg
cgggctgagc
ggtcccccac
gcgettttcet
aggctggagt
cattctcctg
ctaatttttt

atctcctgac

ccccgactta
tgtctgctgg
ggaccccccc
ccagacccgg

aagccccgcec

ggtccgaggg
gggtagagag
cccgatcccg
gcagagegeg
ggggcegaccc
ttcggecgctt
gcgtctgggsg
gggggatccc

ggtgcatccc

ccgggaages
ccccacccct
gagtcggagc
ctggcccctg
tgccgagggs
ggtgggctcc
tttetttttt
gcagtggcgt
cctcagcctc
gtatttttta

ctcgtgatct

acagatgtca
agttttggaa
gcacaggtcc
tcceccgeccc
cgggagegsce
gggcggggct
cgettgeggg
acccagatcc
gctggagctt
gctgcctgag
cggeeggesc
acgctgcccg
caggggtcgc
gagggccccc
ggcgttggaa
acccccatca
gtctcggagc
cggactccgg
ccgatttgcc
ttccctctgg
tetttttttt
gatctcaact
ccgagtagct
gtagagacgg

gcccacctcg

2460

2520

2580

2640

2700

2760

2820

2880

2940

3000

3060

3120

3180

3240

3300

3360

3420

3480

3540

3600

3660

3720

3780

3840

3900



gcctcccaga
gggtcgcagc
ctccagggca
tcctectect
ggacaccccc
ctccggctca
atttgtccat
cactagctgg
gaggcgagga
tattgacacc
ggcttcctta
agtggtgagg
gggctgactg
gccaggegssea
tgatcatttg
gtggectgtg
gtcccaggag
acaggtgcag
cctggaaggt
ttcctgettt
ccagaggctg
gagggacagg
gagagctgtg
gcatcccaag

gagagtgcag

atgctggggt

ccagccttct
ggctaactgg
cctcctectc
caatcccatc
gtactcctgg
gtgggtacct
aactactggg
gggggttgtg
cagacgtccc
acaatggact
aagcgggceag
ggaggtggess
gaggagcaaa
cacaccctgg
gacacccaca
cctaaagtac
cctggggcett
ggatctggag
aaccccctgt
catcctggac
cagaacctgc
agtcaagatc
atttatggct

atcagcctga

tacaggcgtg
gggggctges
agtctagtgg
cagtgtttgg
ctcttctcta
aaatgagatt
gtgtgtgtgt
gtgtggtatg
agccagtagg
caggcaggag
ctttgccctg
aggaagccct
attagggatt
gggcacgaaa
ggtttagcaa
tggacaaatg
actcactctg
tcccaggcag
gcgttggeag
ctcacagagg
acagcacctc
cagccacgtg
agatttgggt
ggccaggggt

gaggccaggc

agccactgct
tagcctccca
ggaggggtac
gacccttcct
gtttccactg
ccgtacattt

ggtgggesty

cttcctggga
caggggctgg
attatgcccc
cctgccagag
gccattgggt
agacagtcct
tgtggcctcc
caataaaagt
tttacactgg
gtatagaaag
gacacaggga
gagccactcc
gctgtgcact
agtgcatctg
caattccacc
caggacaggc

tgggctggga

cagtaagtga

ccctgetgcc
gaagggcaac
cttgaaagag
gggggctgga
acctaggccc
gaatcttgtc
cagacggagsg
atttgtgtgc
ggcaagtagc
cattagcccc
ccagcaggga
aggagcagtg
ggctgtctgc
aggaggatta
cagctttttt
gacagaattc
gattccttac
ggctcaggaa
ctgggttcca
tgggggctgc
agctgaggct
cctctggcca
tggggcecetgc

ggggtggtct

ggtcagatct

tacgctctct
cctgggcatc
gaaagttgtt
gtgcatccct
accctcccct
ctaatgaaat
gtttgtttct
cacagtcctg
attgtgaagc
cttttatctg
gtgactgttc
ggcagcccct
cttcccctaa
gaccgccaca
gtatcccaag
aaatgcagag
tgggcagagg
ccaccaagtc
gggctccagg
tgagcatgtc
aacttggcag
ctcagggaag
ctgtccctgt
tgcatgccag

cctgcacctg

3960

4020

4080

4140

4200

4260

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220

5280

5340

5400



atagcattaa
gggcatggag
ctcattcctg
gatgtcattg
aatttcattg
atttactaat
cagttttgac
gtactggtct
gtattaccat
ctctgcaggt
atccatcctt
atgtccacca
aaaacgttct
ttatctggac
gtcatcccgg
Ccaacatgat
gtgggcccat
ggtggaggtt
tgctgtctgg
tgtaggcccc
tttgtaaacc
gggtggesss
atctcaacct
gtactttttg

ccaagtaatc

ggccatctac

gtggggcatg
tggctgaggc
tgcattttct
agcccaatat
gagatatttc
gagccacatt
agagaaatgt
cccagtgtgg
cctctcagat
caacttaagc
gctcatctcc
ggtgtctgac
gttgtcaagt
cactttggga
gaaacccagt
agtcccagct
gcagtaagtc
aaaaaaaaaa
ctgtgccaga
ctgaatgttc
gcggggtaca
cccgaggagce
tagagacggg

tgcccacctc

accaaagctc
gaggtgagsgc
ctacagcagt
agaagccaca
atccaaaata
atactaagcc
tcaagggcgt
tggtggcatc
tacattcttt
cttgtgcgga
aagttcctcc
ggcaaaatag
tttcggtcca
tagaaaagct
ggccgaagceyg
ctctacaaaa
actagggagg
atgatcatgc
aaaagaaaga
gtgacataaa
cagggcagtt
gagtcttgct
tgggactaca
gttttgccct

tgcctggcag

taatgctgat
ctgctcgect
gctgtgtggt
ttgaataaag
atatcatttt
actgaaatcc
gatagccaca
cttgctgtct
catgtatttg
aggccaggag
gacagggtct
gcatctctct
aagacgaagt
gttttgggat
ggtgggttgc
attacagaaa
ctgaggcagg
cactgtactc
ctgttttgtt
ctctgtacac
tcttttcttce
ctgtctccca
ggcacaggcc
gttgcccagg

ttacaatttc

atgttcctgg
gggcttctgg
aggaatacac
taaaagacac
cacatctatt
agtttgtatc
tgtggctccc
ggtttctggc
tctcctgtcc
tcggaacatt
ctgcaaatgc
taccagagtg
cgtggatgta
gggtgtggtg
ttgagcccag
aattagctag
agaattgctt
cagcccgggt
ttggaagcaa
ctccagtgat
actttttatc
ggctggagtg
atcacacctt
ctggtcccaa

aaataattcc

cctctatgtg
aagtgggaga
tggaagccat
aggtagaatt
caatataaaa
ttacacatct
atagtagaca
cttgccaaaa
ccagagcaga
ggcatcttcc
ctcccggeca
tctgatgggsg
agcagtttgc
gctcatgcct
gagctcgaga
gcatggtgtt
gagcctggga
gacagtgaga
cacaggcagt
ttggtccatg
tetttttttt
cagtggcgca
gctaatgttt
actcctgcac

tccctttect

5460

5520

5580

5640

5700

5760

5820

5880

5940

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

6660

6720

6780

6840

6900



tcaacacttg
gagcttcctc
tgggaacgtg
taccaaaaca
catttacttg
catcctctgt
ccacatgggt
gtgcttcgca
atggcagacc
gaatctctgg
cgatctagcc
tgtgactctc
gattatgcaa
tcttttgacc
ctcacttgga
ttctctctcc
gccttatccc
ctgggggect
ctcagggtct
agctggccct
ttggctatct
cttctcagtg
atcccagcac
gcctggccaa

tggtgtgcac

gctcatgacc
tatgcatctt
ccttatttgce
ccattaaatt
acagatctgt
ttaaccttgt
ccgttctccc
aagtgtgatc
ctcaggtccc
ttccacaggc
cctttcagtc
atggggagca
tagatgagac
catggattaa
gaaagcttat
tttgctttca
tccttecttce
ctgaagtgtg
gtcccatggt
atttccaggc
gtaaggtaaa
atctagttaa
tttgggagcc
cagtgtgaaa

ctgtaatccc

gtccagtcca
ccataatgaa
ctgtatcctc
cagctgatgc
gcaagacagc
ttgcggaagc
agtgaatcac
ctgggaccag
acctctgacc
tctccggtga
catgagccaa
aggagaggaa
ccatgggcct
cctactctgt
gaaggatcag
caggccttgg
agaggegtgg
ctcacacatc
ggagccccat
tacccgggca
ctggctggtt
actatatgat
tgaagcaggc
ctctgtctct

agctgctcgg

aggaacctgt
gatgccttct
agggtctagc
tttcataagc
agcctggegc
tttctctaaa
cgtggtgcect
cagagcagca
tgctgcatgg
tgctaatgaa
caacccttgg
gttgaagttc
gaagtccgag
gcaaagggca
gaaaattaaa
tatgttcctg
taagtcggct
tcctgectgc
gcctcactgc
gcaaaactta
cacttaatct
gttggccagg
agatcacttg

cctaaaaata

gaggctgagg

cctgcaggtg
cactggaaac
agagagaaga
gctccttgga
gtctaacctg
cagccagcac
gctgactgct
gctcctttga
gaattctggg
taccggcatt
tcctgtctgt
actgacaggg
ggtgtatgtt
ttttcaagtt
agggtgctct
cttcatcccc
ttctctgcta
agggcactgg
ctttcagaca
ctgcatgtgt
gcaccttaag
cgcggtggct
aggtcaggag
Caaaaattag

caggagaatt

tgcctctccc
cctacaaggg
taatttgtaa
ggaaggactc
cagccagttg
ttgtctgttc
ctgtagcaca
gcttattgga
gagggacgca
tgaacagcac
ggtgacccag
ttgttaaggg
agttccccgt
tgttgccctg
cgcctataac
ttctacagtg
gcgctgagtc
tgtcgggcac
gagtagccac
aattaattat
catcagatag
catgtctgta
ttcgagacca

ctgggcatgg

gcttgaactt

6960

7020

7080

7140

7200

7260

7320

7380

7440

7500

7560

7620

7680

7740

7800

7860

7920

7980

8040

8100

8160

8220

8280

8340

8400



gggaggcgea
gcgagactct
gaatctgtta
tatatatttt
ggctggagtg
attctcctgc
taatttttgt
tcctgacctc
gccatggtgc
ggtctaacct
ttaggctgta
acctttgatg
aggagcctcc
aaggggagat
caaagagcac
gcatgtcttg
agtggtccac
tccgacattg
ggctttatgt
tagtgatgct
caagccctct
cagtgttcag
cagggggatg
ggtctgtgcec

ggccacatca

agttgcagtg
atctcaaaaa
cccctggaag
tttcttttct
cagtggtgca
ctcaacctcc
atttttagta
aggtgatccg
ccggccaaca
agatttgtgc
aaatactagc
caatcctgta
cattacagac
gtgattattc
ggccagegag
gttcactgca
ggagccactg
ccacagcatg
ggttatttga
ctctggctcc
gggtcctact
atttggctga
gagaagccga
ggctcacttg

gaagacagtt

agccaagatc
gaaaaaaaaa
gtggagcttt
tttttttttt
atctcggctc
cgagtagctg
gagacagggt
cccgecttgg
atcacatgtg
tttgttttgt
cttttagggt
tgtagcacca
tacgtgctcc
atcctgtgtg
cttgcaccca
gggceggctct
gagtgcccag
gttgggcatc
tcttccccag
ccagtgcacg
ctgtcctttt
gttcagtgaa
agcaggagtg
ctagtcttgc

tgggttgtca

gcaccactgc
aaaaaggtaa
actcttaggg
ttttgagatg
actgcaacct
ggattacagg
ttcatcatat
cctcccaaag
ttgtaaacaa
tttgccactt
aatttttgaa
gcagagccac
tgtgcgttat
gctgtgggga
ggtcactctc
tctcattctc
ctactgagtg
agcaggaccc
aactcagcag
gttctggctt
cagcccatag
tatgtgcatt
tttgttctgc

atccttcccc

gaactggggg

actccatcct
ataaagtata
ggaactataa
gagtctggct
ccacctcaca
tgcctgecegt
tggccaggct
tgctgagatt
caacaaaaat
tgtgatgcac
ctcacaagag
gtggcagagg
cttatagggt
acttgagagt
tgctcctctg
tgtagtttgg
accaaagcat
caaccccttg
gagtgcaccc
tccttcctgg
ctttgttcaa
ggctgatttc
aggctctgga
aaccccctct

agtaccaggc

gggtgacaga
tgacactgaa
cagtcatata
ctgtcgccca
ggttcaggca
cacgccaagc
ggtctccaac
acaggcgtga
ctgtcagcct
aggaggaagt
cagcagcgga
gactcgcatt
ccccacaacc
catacttgcc
tcagaacagg
ggtccaggat
attttggatt
ttatgctggt
agcagcaccg
tcgagagttt
aagctgctgg
tgagccatgc
gtaggcattg
ggggatgtct

cgaggtgggt

8460

8520

8580

8640

8700

8760

8820

8880

8940

9000

9060

9120

9180

9240

9300

9360

9420

9480

9540

9600

9660

9720

9780

9840

9900



ggatcatgag
taaacatacg
ggaggctgag
cctgccactg
acaaaacaaa
gctgtgtcat
ttcttcaaat
aattgcacca
gaaaagttgt
tccaccagcc
tctttatgca
cctggagtgc
ttctcctgec
aatttttgta
cctggcctca
ccaccatgcc
tgtgactacg
aagaatcttg
ggccaaactc
ctggaatctt
gtgatggctg
aattgtagca
tagatgaagg
agaggacatt

ggtgttggtt

gtcaggagat
aaaaaaatta
gcaggagaat
cactccagcc
acaaaatctg
cacccgttga
tcaatgcaag
ctggagctcc
acatggcagg
gccttectcec
gtgaggtttt
agtggcgcga
tcagcctccc
tttttagcag
agtgatccat
cagctcctag
attttggaaa
atggctaagg
tgctctgaaa
ttggatgcct
tggctggaaa
aaagctgcct
aaaactcacc
ttctgaggtc

ctaattgtca

cgagaccatc
gctgggegtg
ggtgtgaacc
tgggcaacaa
ggggagtgcc
gtgcgctcat
caaattcaaa
taaattcaaa
agaatatttg
ttggtcttca
tgtttgtttt
tctcagctca
gagcagctga
agacagggtt
gtgcctcagc
tgaggttttt
tgttgctgtg
tgtggctgaa
ttcctccgtg
ttctctgtgg
tcattgttga
gccccagecg
cttagaataa

ccaggttcat

aagcatgggg

ctggctaaca
gtggcgggcg
cgggeesces
agcgagactc
actggcatct
aggcatcttc
gcattactgt
acattactat
ggcttctgac
ctccagattc
ttgagacaga
ctgcaaccct
gattacaagc
tcaccatgtt
cttccaaagt
gatgccttgc
taaacttgtg
catgtctgat
tggaagggcg
gtatctgatg
catgagtttc
agctatgggc
tttatccaaa

tgtttcattt

ggagatgggc

cagtgaaacc
cctgtagtcc
agcttgcagt
cgtctcacaa
gatgtataga
ctgacaatta
gtacataccg
aaaaaagttc
taccccttga
ctagcatttc
gtctcactgt
cggctcctgg
acacatcccc
gcccaggcetg
gctgggatta
tacatctgcc
atcatttctg
tctctcctgg
ggctggggag
gctggctctg
acagatgcag
aataaggtgg
atgctgctgt
aagtctcaaa

tcatgggtta

tcatctctac
cagctactcg
gagctgagat
acaaaacaaa
ggcccgagat
gaacccatta
catgctaatc
aaaatgcatg
atgaagatga
attctgtgtc
atcacctagg
gtttaagcga
atgcccagct
gtctcgaact
caggcgtgag
ctagaaattg
gactccaggc
acctgtttta
agcctcccag
atggctggct
gctctgtcca
tttaaggata
gttgtgggtt
agtccctcca

aaggtcttat

9960

10020

10080

10140

10200

10260

10320

10380

10440

10500

10560

10620

10680

10740

10800

10860

10920

10980

11040

11100

11160

11220

11280

11340

11400



cccagatttc
tgtttctcct
tatgaccccc
ttggccaaca
gtgcacacac
caccggaatg
catatcagcc
ttaagcacta
tatgtggatg
gtgtccccct
catgtggaca
agagcttttg
gtgcagctct
aacagaaata
caggtgaggc
tcagatccac
ttttttattt
ctgccgctta
ggttcaagca
ccacacctgg
tggcctcaag
attgtaccca
ggtagtttaa
agaaatttgc

atgcaatgca

tgtatcctcc
ttgggtttcc
ttaggcatgt
caacatggac
tgtacaacag
ctcggtaagg
tgtttgtggc
acccagagct
gaggagtgag
tctatgggga
tcaccaagct
tcccceccgga
tectttgectc
gacctgtcct
accaccctga
ttcccaggct
tttagttata
ggctggagtg
gtcctcccac
ctaattttta
cgatcctccc
gccactaaga
ccttttttga
agaccatgta

atgcatgctc

ttgcaagcag
atcacactct
tacatgggca
tccagtttcc
tagacggcaa
atttgtcgca
tctgagaagc
tcagacagtg
tgacaacgta
gtacgacatc
cagtctacgc
tctcaaggtg
cctgattgcc
tgatggttaa
ttatgggaat
gtggttatat
aagatttttt
cagtggtgca
ctcagcctcc
aaaattttgt
accccagcct
tgattcttat
ttgtggtggt
caccaacctt

acagtccaag

caaaggggtc
gtccccgtgc
ctcctatagg
atctgcctct
ccctgagagc
ggagtgattc
tctgcccaca
ccagtccttt
cccttcattg
tgccctaaag
ctctgcacag
agttggtggt
aggagctacc
cggaaataaa
cacctgggaa
agtcaggggs
tttggtttgt
atcatagctc
taaggagctg
ggagtgttgc
cccaatgtgt
ttggaaacac
tttagtatgc

tggtgctcct

ggagagggaa

tggatttgaa
actgagcacc
tgcccatctg
ttgccaggca
cagagtagag
Ccaaagccaat
tgtgaaagct
ttccccttcet
atgccaaaac
tcaagtccac
ggaacctcta
gagggeecag
agttactgtc
aggcgcttgt
catataccca
gtgcagtatg
ttttgagaca
actgaagcct
ggacccacag
ccaggctggt
tgggattaca
ggtcaagaac
cttaccactc

ggggagaaag

agctgtctaa

tccatgacca
ctttagttca
gccctaggac
cttttgtgca
cctgtcctag
gtcctccctc
tgttaagcac
ttaaaagcga
aaccatcacc
gaactttctt
ccttctctceg
gtgttctggg
tgcacaatca
cccagaagct
gacctaaaac
ggtattagga
gggtcttgct
cagactcctg
gcatgcagca
ctcacactcc
ggcatgagcc
aactgcgttc
taccatagta
aaagaaggct

caggattggt

11460

11520

11580

11640

11700

11760

11820

11880

11940

12000

12060

12120

12180

12240

12300

12360

12420

12480

12540

12600

12660

12720

12780

12840

12900



tttcccgtgt
attgggatag
aagaaacaag
ctgaggcagg
accccgtctc
cagctactag
tagccgagat
aaaaaaaaaa
ctgcaaagtc
ggagcacaga
gagcttgcat
cttggtgtct
tgccttcgag
ggaggatcag
tttgccttag
gagcccagga
aggagagcca
gtcatgactc
tccagctcga
cctggacccc
actagacaag
gggctggeses
tatttttctt
ctgcattttt

agggatactg

gctttataag
gctgcaaagt
ctcctgccag
tggatcacct
catgaaaaat
ggaggctgag
cacgccactg
aaaaaagaaa
tccgtggaag
gccctttget
gattctttgg
ccctgctgta
gatatttgga
ccatgccctt
ttctaacact
gataggaaat
agcagcacac
cagggccctc
cctcttgtga
aaatgaagca
tttgctcttc
agttctgctg
taatactaaa
aaggacatat

cagtgaacac

cagatgagta
ttgttagggt
gcgeggtgsc
gaggtcagga
acaaaaatta
gcaggaaaat
cactccagcc
agtaaaagga
ggtgacattc
cagcccccag
tgctctcetgc
gtccccttgc
tgcattcagg
ttgacaagca
tagtgcccaa
ctccgtccca
acccctccct
tccctcccca
cccttagttt
atcagatttc
ccagagcaca
tagaaatatt
agttggttga
gtgtatttat

agaggtgtga

gaggagacag
ggaggcttat
tcacgcctgt
gtttgagacc
cccgggcatg
ggcttgaacc
tgggcaacag
aaaaaaagag
aagccgagac
gtggctcagt
ggtcttccaa
ttgctttgcet
ttcttggaag
tttactagcg
cgccttcectt
ttgtacagat
gaggggcaga
gggtcccctt
aacaagggcc
tcatctccag
tttctgectt
agagtggaag
tgaatttgtc
ctgctcagaa

cccttgccag

ctcttattgt
tccgggacca
aatcccagca
agcctggcca
gtggcgggca
tcggaagtgg
agcaagactc
gctctggect
ctccagggaa
gcccccagcec
tgatgctgaa
cacaggtgct
agaagggtat
gtcttggtaa
gtgttgctca
ggggaaacag
gccgagattt
atctgaaggc
gaagttaaag
tcaggtgtgg
caagtcatcc
gaaaaagatg
gttggccaag
aatgttcatt

ccttgtgaga

cctagtggca

agggagccca

ctttgggagg

acatggtgaa
cctgtaatcc
aggtggecgt
tgccttaaaa
gctggggtgc
ctgtctcctg
agcagactca
ataaatggtg
gggagagata
gtatgggctg
agacttgaga
acctactcat
aattttggaa
gaactgggat
ggtttttctt
agtttctgceg
gtccaagccc
tggcttgtca
tgttgggagc
accaaggaga
gctgtgtgcet

gaagtgagca

12960

13020

13080

13140

13200

13260

13320

13380

13440

13500

13560

13620

13680

13740

13800

13860

13920

13980

14040

14100

14160

14220

14280

14340

14400



gataagtaag

cacaggtgtc

cccaggggaa
aggagcgcct
catgaaggcc
tggegsteses
gagaggagsse
gccactgagg
ggatgcggga
ccaccaggat
aataggactt
ccggcttctg
ggttgaggac
gaagcagcat
ggagggtgag
gttatcttgg
gttggaagcc
ccagtgtgcc
cacccaggac
aaggccttgt
tctgctatgt
ttctcagctg
ctagctcagg
accctcgect

agccaagctc

cagaagggtsg
aaggagaaga
gaagggcctc
taggcatggg
tgtgcaactg
gacactaaga
caggctgggc
gctgctgcag
caggaagcga
cagggctgeg
ggaaatgacc
gctttagcag
attaggaggg
ctgcctgaga
gagggcatct
ggggcraagsc
agagttgggc
aatgctgtaa
agggccetggce
gatggaagtg
attggctgcg
aaaaatggag
gcctggaagg
ttgcacctca

acgtgtgtcc

atgctgtgtc
cacaggatgc
tcggaggacg
gacccatgga
gaggggtees
gatgactgga
cttttggata
taggagtgag
gataccagtg
agggtcatga
gatgggacat
ttgggcaagg
agccggtatg
acagatacct
gatagggcct
tcaggcgttg
caggtgcagc
gagcaaggsc
acatactggt
agtaccctct
tggctttaga
atgatgatag
caggtgtaac
tgaaaccaga

tgctttaaag

gatgggaaag

tggaggctca
tgaatccaca
tgcgaggcct
gatggggaca
gaagagegses
cagggggatt
gggatcagag
tctaggaggc
ggaggaaacc
ttgggaagag
ggagatgges
gcaggaagag
ggcaatattc
ggaaagagcc
aggagcagcc
tgtggttgtc
cgctcactgg
gcccaatcct
tcgacatcag
caagtctttt
tggtttctgt
cagtggttca
tatgtagatg

ccccataccc

tacaggtgcc
tgcaggatgg
ttaagacttt
gtaggacaca
ctaagagatg
tcaggagtgg
gcatcctgca
gagagctttg
cagtgaggca
aatttgaagg
gaagacagaa
agatgtgccc
ctggtgtgcc
ctaagggaaa
ggggcaagca
cctggtctct
tgaagtcccc
tgctggtggc
cccttctggg
acccagcttc
aaccttgctg
aaggccttat
gttgttataa
gagcccacaa

ctttctccgg

aatgagaagg
atctccaagg
ggggataagt
gacaggatgg
gctggaagtg
tgaaaaatgg
gtggtaggga
gaagccccct
gccacaggct
agtccagggg
gagcgcagtc
atgggttgag
agagatgctg
gtgacatctc
tgaatgtgag
tcagcctgaa
ctcccccagc
tgagtcccag
tgcttcttcc
aaatcctggc
tgcttctgat
ggtgaagcac
accaacacta
agctagcagg

gtgacaaaca

14460

14520

14580

14640

14700

14760

14820

14880

14940

15000

15060

15120

15180

15240

15300

15360

15420

15480

15540

15600

15660

15720

15780

15840

15900



cctgtgctcg
tgcctgectc
tgatgggctt
agtcatcctc
tggattcttc
accacctgceg
ggctcgctac
gtgcattatg
aggtggttgg
acagccccca
accaggagga
gtggcagctg
tcctgccatc
tattactcgg
tttcttgaga
gaatggtgct
atgattgtgt
aggaggtggg
tggtgccctt
cagaaggtgg
ttgatctggg
ccactcagtt
acccacaaac
ctccttattc

tgttctcaca

ttctcttccc
cctgcagttt
gttttccgtg
agaagggatg
cccggagtcg
tctcagcatc
aggtacccac
gaggaagatg
gaacatctcc
acccccccaa
aaacaaactc
ggccctctgt
ctggatttca
agctcctttt
cctctcctaa
gtattttata
accccccaga
gcctttggga
attaaacaga
tgtctatgaa
accttgcagc
ggtggcattt
cagctacaga
ttgaggtgcc

ttgctataaa

ttcccctctt
ggtagatggg
cccttcacag
gatcctgagg
gctgecttgg
ctgccctggg
tcctcggggt
gtactgccac
ttccatgtgt
tcctggaacc
cagctgagcc
acccctttcc
tggaccccaa
cagccgcctc
tttctccctt
atgtcatcaa
atttgtcttt
ggagattagg
cccaagagag
gaagcaggcc
ctctagaact
tgttagagta
gttgggcatt
ctaagagatg

gaaatacctg

ccccttgecat
tgggtaacga
gcatctgcaa
tcgccatgcc
ctgtgaggct
atgagagcat
gagcacggsc
atgggagcga
acagcctggg
ttgccaagtc
ccttggggtt
aactctgtct
ggatggggst
cctccacctg
cccctaaacc
atatcaaatg
tgaaatccta
tcatgaggaa
gtcccttgtc
ctcaccagac
ctgaaaaatc
gcctgaacac
tggagaaatt
ggacacagca

agactgggta

ttggctaata
ccaccactcc

caggccccag

cagctgggca
ggagggagat
cctggacacc
agcaccttgt
tagggtgagg
ctgctgccat
tcccttccca
ccccatatag
ccctaacatg
cctgcatctg
tccacccacc
cacaattttg
gagacagtgc
acccccaaca
agggctgtca
ccttctactg
accaacatgt
gatgtttgtt
ggactaagtc
Caaaaatgag

gctgcccagg

actcataaag

acaggccagc
cacgttcgcc
ccaggcctga
aacatgagtc
gagctgctag
ctctcgccca
tttctttctt
caaccatgac
cactcccagc
tggggtcatg
gctcctgect
gcacctgagc
ggacttggcc
tcaaggctcc
aacctccatc
tatggtccaa
tgatggtctt
tgaatgggat
tgtgaggact
ctgctgcccc
gttttataag
aaacagaaga
tcagacataa
tgcattagtt

aaagaggttg

15960

16020

16080

16140

16200

16260

16320

16380

16440

16500

16560

16620

16680

16740

16800

16860

16920

16980

17040

17100

17160

17220

17280

17340

17400



aattggctca
tggggaggcc
catgactgga
aacaaccaga
cgcccccatg
tgacatgaga
aggcatcacg
tggaatccag
aggagaacat
tgagacagag
ctggagcctc
gattacaggt
tcaccatgtt
ctcccaaagt
tgtgcacatt
tcatgactta
ttttcaagga
ttaaaggagc
tgtgctcccc
gcggtggett
ggtcaggagt
aaaaaattag
cagaagaatc
actccagcct

tggcaaaccc

cagttgcaca
tcaggaaact
gcaggagtga
tctcatgaga
atccaatcac
tgtgggcagg
aggtcattaa
cagagggtca
agatgctgtg
tctcactctg
catctcccag

gcacaccacc

ggccaggctg
gctgggatga
atttgctgtg
cacaccattt
aaataaaagc
tgggagtggsg
gcttcagcett
acacctgtaa
tcaagaccag

ctgggcatgg

gcttgaaccc

gggggCaaca

caccttgtcg

ggctggacag
tacaatcatg
gagagagagg
acacattcac
ctcccatcag
gacacagatc
agagagggaa
aggaccagct
acgtttgatg
ttgcccaggc
gttcaaatga
acgcctggct
gtcttgaact
caggcatgag
gggtatattc
tctatttaat
aggctttctg
gaccctatgc
cacactgccc
tcctagcact
cctggccaac
tggcaggtsgc
aggaggcgga
agagcaaaac

cttttgtgag

gaagcatggt
gcagaaggtg
gaaatagagg
tatcaagaga
gctccgectc
caaaccatat
taaaagactg
tgtaaagctg
tagctgtttt
tggagtgtgc
tcctcatgcec
aatttttgtg
cctgacctca
ccaccatgcc
agatttctta
ttcagctatg
gaatggcgac
tccgtaagca
ttgctgtgaa
ttgggaggcc
atggtgaaac
ctgtaatccc
ggttgcagtg
tctgtctgga

tgcctctgac

gctggcatct

aacgggaagc
gaaggtgcca
acagcaccag
caacactggg

gaccagatta

gggctccagg
gtggtgectg
ttgttttgtg
agtggcgtga
tcagcctcect
ttttcagtag
agtgatccaa
cagcctgatg
atacaagatg
atattggaaa
ttccaaacat
ctctcttagc
gggagcagcc
gaggtgggtsg
tccatctcta
agctacttgg
agccgagatt
aaaaaaagaa

cctttggetg

gctcagcttc
atgcacatcc
tacactttta
tggggaaatc
aattacaatt
atacgatttg
aagaaggctc
agaagtacct
ttttggtttt
tcttggctca
gagttgctgg
agacagggtt
caacttcagc
tagctgtttc
attctttgcc
tggacatgtc
atttgtcaat
tgttcttggc
tgggcceggsc
gatcacctga
ctaaaaatac
gaggctgagg
gcgccattgc
aggagcagct

ccaggacgsgsg

17460

17520

17580

17640

17700

17760

17820

17880

17940

18000

18060

18120

18180

18240

18300

18360

18420

18480

18540

18600

18660

18720

18780

18840

18900



cgtattttat
gggagataat
tggatacatg
gccctgtacc
ggctccgtgt
gcatgtagtc
tgcccctgaa
cccagaaact
agtctcttgt
gccatagaga
agctgtttcc
cattttggga
caacatggtg
tgcctgtact
agaggttgta
ccctatctca
ccgggeacgg
atgaggtcag
atacaaaaat
aggcaggaga
atcatgccac
aaaaaaaaat
tagtttgtta

cttcttgatt

ggggatggees

ggaaatgcta
agctccaaat
agcaagattt
ctgcctgtgg
cttcctcaca

tgggacctgg

tgttgcccac
cccecgtgggg
gattgcccaa
tgcctagtag
atttaaaatc
ggccaaggtg
aaatgccatc
cccagctact
gtgagccaag
aaataaaatg
tggctcacac
gagttcaaga
tagctgggca
attgcttgaa
tgcactctag
caaatcacat
atatgattca

gggcttcctc

ggtggggasgc

agcaccaaca
tgtctttttc
gcaacttgct
aatctgccat
gggttgatat
attgtcgtgc
ctgtcctcaa
actcctagag
ggaaactgag
aagggccagsg
acatgaaggc
ggtggatcat
tgtactaaaa
tggaaggctg
attgtaccac
aaaggtaatg
ctgtaatccc
ccagcctggc
tggtggtgca
gcaggaccta
cctgggctac
gaaagtagaa
gagccagcag
tgattgggtt

agaatggtca

gagtaaagtg
agcactgagt
acccattagg
tgcgattgtc
gaggatgaaa
cacagatcac
gccacacatg
ctgtcagtgg
gcctggagag
cctagaagca
cggcgecegtg
gtgaggtcag
atacaaaaat
gggcagaaga
tgcactccag
aaatgaataa
agcgectttgg
caacatggtg
tgcctgtaat
ggaggcggag
agagcgaaac
catagggaat
ttaggagaac
tcctctgatt

gagcttggct

gtttggtttt
gaagaaatga
ataatgtctt
cagaggtgag
caagatgata
agctcacagt
cacctgtaac
cctcacatag
cttggggtca
ggatccttgc
gctcacggct
gagtttgaga
tagtggagca
atcgcttgag
cctgggtgac
aataataaat
gaggccgagg
aaaccatgtc
cccagctact
gttggttgca
tccgactcaa
tccatctttc
acagtgtgac
gggcttcctc

cagcagtcag

tcacagtggt
aagacaaagg
atgtaatgct
cattttaggt
gatcatggtg
ctatgtgcaa
tcagtgcaag
cagctggtcc
ctgctctgag
tgcccctctg
gtaatcccag
ccagcttggc
tggtggcacg
cctgggaggc
aggagagaaa
caagtcacgg
tgggtggata
tctactaaaa
ccggaggcta
gtgagccgag
aaaaaaaaaa
gttctaggca
tctcctagaa
tgaaagtggg

actgctcttc

18960

19020

190860

19140

19200

19260

19320

19380

19440

19500

19560

19620

19680

19740

19800

19860

19920

19980

20040

20100

20160

20220

20280

20340

20400



ttcaaatcct
ctctgtgctg
caatctggtt
gatgttgatt
tatgggcatt
gacttctctg

gggttgtctg

ttaccctgga
gagtccaggg
tctgctacaa
acctgagctg
tgctgaaatg
tcattgggaa
acttccatct
ctcctggagc
gtttttctgg
tgttgggaaa
tgcaggttga
agtcacattc
ctctgaaatg
ctggagaccc
ttgttatttc
gagacagggt
cagcctgaac

tgcaagcaca

ggctgcattg
cagcttcccg
actgactcac
tctattttca
aggccaggsc
agcctcagceg
acagtggagg
ctgaaagaaa
aagggagaac
agaggctgct
ttaaaataac
cttctgaaag
gttctggtct
gggtgtgtgc
cactgtgcca
agcagagtct
cgtgettttt
aaatcatttc
tcacttcttt
tcatatgtct
cttcagtcaa
tgttattcct
cttactctgg
ctcccagact

catcaccaca

cttactacag
tctagagaga
agtgcaggag
ggtaataatg
actgcaattt
gtttcatccg
gcacttgatt
aatattgagc
gaagagcctg
gagcctcctg
ctcagatgct
ggagggaatg
tgccatttgt
cctgggectgt
tgcatggatc
ctagtaaact
ttctattaca
ctctcagtat
gcaggtgagt
tggtgtaagt
agccttctgt
tcccttccat
tgcccaggcet
caagtgatcc

cccaacaaat

ctgtgtgact
tcacctggag
tactcatccc
atgatcgtaa
ctaagctgtg
caatatatgg
aaaaaaaaaa
taatacaggc
aaggtgtgag
tggatgtggc
gtgttcttta
agccagccca
ccctggacca
ccaccacaca
tgtagcttca
cccaaggaag
tctcagtgat
attggttagt
gctcttagga
ccttatttca
cattctccag
tttctttttt
ggaatgcagt
tcccacctca

attttttaaa

ccagatgact
cagagggtsgg
atagtaagca
aattagagac
tgacctcagg
ataggaaaac
aaattaccct
atcaggaatg
gaggtgcgag
cctggacttg
aggggtagga
tccccagttg
ctcttaggtc
gctacatcct
tttttcttgg
aaaacgtttg
aggttggcca
gagaagcctg
ctgtcttttt
gttattgagc
ctctaggaaa
cttttttttt
gacctgatca
acctcctaag

aattttgtaa

gaatccacct
tcaggagact
tccagctaga
agataaaagg
caagttactc
cgacctcagt
ggtctgaata
gggctgceagg
tgctgatctg
gcagtttaat
ttcagattcc
ctttttaaga
ctcctgcccc
gccatcttcc
cttttccctg
actttatgtg
tgtctagaat
ggactgagac
atcccttata
tggacaagta
ttatcttcta
tttttttttt
tggtacactg
tagctgggac

gatgggatct

20460

20520

20580

20640

20700

20760

20820

20880

20940

21000

21060

21120

21180

21240

21300

21360

21420

21480

21540

21600

21660

21720

21780

21840

21900



tactatgttg
cttcctgggt
actcgttgtc
tcctacagtt
ttttcttagc
ctctagatca
cttttatgct
gacttggagc
caggcaggct
ccctggagct
ctgcctgttt
atatatcttg
ttctcgtaag
gtggttgcat
tgggtgttta
ttttttgaga
tcactgcaac
tgggattaca
gtttggcatg
ctcccaaagt
atgcccagtc
ctccactccc
ggtcaggcat
gtctagagga

aagcacagca

cccagacttt
tggattcctg
tttttgecgtc
tttactttca
attctgttct
tcccttctec
acttattctg
tcagggagaa
gcgggaagsga
ggttgaactg
catcaccagc
ctcattggtg
gctgcgettg
gctgcagtcc
ctttgttttt
tggagtctct
ctccacctcc
ggcatgtgcc
ttggccagcc
gctgggatta
tctccttcaa
caggatcagc
ttatcagaga
ggtagcgttc

aaccatgagg

ttcttecctct
tctccgtgtc
tgctctgaca
gcaaatataa
tgttttatgg
atttcttctt
ggcgtgttct
aagggtaggt
tgtctacttg
ttgggttttg
cccctcccect
agctcctgcet
tacttcggga
tgagcactta
agtaagttag
ctgtgtcctc
tgggctcaag
accacacctg
tggtctcaaa
caggtgtgag
aagccggctc
ctcctcctcc
ccctgaggtg
agacctctcc

caggggatgg

tcctggggct
tgactttctc
gatttcctca
tttaatctcc
atgtaacatt
gggctagttt
tggtgggttt
gcatcacctg
gcggtgctac
ccctggtggt
tctgcctggg
ccttcctcgt
ttttctctgt
tttcactcac
tctgtcatgt
caggctggag
agattctcct
gctaattttt
ctcctgacct
ccaccacacc
ctttctctcc
ccaccccacc
ggggtccttt
atggtgcctc

tcttgaccat

cttattagga
tctttgtcat
aattttgtct
aagagtactc
ctcttggaat
ttctgtttct
tttcccatat
gcagagctcc
cgctttccta
gaacgctggc
gtccagtaat
tgctcttgca
gccacactgg
atctttacac
cctttgatcc
tgcaatgtcg
gcttcagtct
gtatttttag
cctgacctgc
tggccctgat
ctcgccttcc
actgccgggg
atgtgtctgg
tgctgggctc

gagagccctt

agatgtttga
atttttcatc
tctagtccta
tcttgttctt
atttgctgtc
tcatctttct
agcaacagag
cagacagtga
gaaacccttt
tcceccgtget
ctgttgaaat
gatttatcac
gaaacatagg
gaagatttgg
tttttttttg
cgatctcagc
cctgagtagc
tagaggtggsg
ctgccttggc
taatctttta
tagattcctt
ggatgtctgt
gggatggaga
acatgtgacc

gcagcagctg

21960

22020

22080

22140

22200

22260

22320

22380

22440

22500

22560

22620

22680

22740

22800

22860

22920

22980

23040

23100

23160

23220

23280

23340

23400



ccatgggcct
ttccctcttt
tgctttagag
aagtcatcag
tgttgtgtct
tggcttccag
actcgagtgc
gggceggacyg
gctgaacacc
ctgagtcagt
cggagcctgg
gagcagagag
actggggagt
caggaaggag
aggtgcctgg
cggggtgaag
tctgaattct
ttatcctgaa

cctcaatggg

catcaggagg

agtaggggaa

gtggatcctg
gacgatctgt
agcctaagga

aggacaccct

cagctcctct
atttcagtgt
atttcaggtg
attggaggtg
gcctatgtgt
atatgcccga
tgatgtgtct
ggcacctctc
aagcaaggag
cagaggtcct
gaagacttcc
gccccagata
gtcagatagc
gtgggaccct
taatgcaagc
cctagcagtc
ggaaactgag
aatcataggc
tttccgtgag
tatggcctct
tgcaaagatc
ggccctggcet
agaccgagag
gtggggcagc

ggcaggcaag

ccaagctggg

aagtcccttg
ggcttgtcct
atgttggcag
gtgtttgtgt
cgatgtcctg
gctcccecgcec
tcatctgatg
cttgcccttg
ggcacacctg
cgtcggatga
agcagggaaa
gctggegtgt
ggagggecag
cccctgtect
tgcgttgaca
ccggagttca
cttggtttcc
ctcctgagag
cttgctattg
cgatttgcta
ggcagcagsc
gcttcctaag
cctggtgact

taggtttgtg

aagagccctg
agctttcttg
tgtcctagca
cttttgtaaa
acttggtctc
tggttgcagt
tccaggtaaa
aggcctcaca
ggtgtgggga
ctgagagctg
gtctctttga
ggtgcttcag
ctgagcgaag
ggctagcaga
ccaccctctg
ggccecaggg

gggcctggcet

tcacttggct
cccgtagcat

ttgttattgg

gggaagagee
agcaaggsses
gctcttggac
ggtggtcagt

tgggggaaac

aaaagccaag
aaccagaagt
tcccagatcc
Ccaaagggtag
atctctgcag
gggtgacctc
tactttggct
cgacattcta
ccctgtctca
ccacccaggc
gtgcagcatt
acagagtggc
gagctctggc
gctcctcgga
ttgtactgag
gatgccgcta
cccattacca
aacaggggtg
ggtacttggc
tagacacaga
cagtagtggc
gctgecaggg
aggaggaggt
ggtgccaggc

tgataggccc

gtgttttttt
gggctcattt
accttctggg
tgttgtaagc
actggtgaca
acaggtgttc
gtgggtgtgt
gaaacagctg
tgggaggcag
caacctgaac
gatggtggaa
tgggatgagg
acccatggca
gcgtgtggct
tcacagtctc
cttcctgaat
gggttgggcg
atccccatcc
acatgctggg
aggatttaaa
caagtagagg
cccaggcagg
gtcggttcca
ggtgggtggt

ctccagggat

23460

23520

23580

23640

23700

23760

23820

23880

23940

24000

24060

24120

24180

24240

24300

24360

24420

24480

24540

24600

24660

24720

24780

24840

24900



tcgttggtgg
caggcttgga
tctctggctg
gtccaccgta
ccatgtgttt
agcaggactg
cagaggccac
tacctgctgg
gagtcacttg
tgtgcagcta
cctctgagct
ccagcactta

ggaagcccag

gttccagcat
gggtaggctg
ttccccatgc
gtctgcaaag
ataatctact
tgtataaaaa
gatgttagta
gtaatcccag
ccagtctggc
tggtggtgca
cccaggaggc

atgagtgaaa

acaacacctg
agacctaggt
tgacggcacc
gctcagactg
caggtcccaa
gccctgetgg
cccgeggtcc
tgctgagggs
aggaggcgag
cctccgecatt
gagttggttt
actctaatac
tgcagagggt
gaggttctta
gcccatgtgt
tgtgggaagg
atgataacct
taattttaga
tgtaaggaag
gaataagcct
cactttggga
caacatagca
tgcctgtaat
ggaggttgceg

gtctgactca

tgatgtccag
ggtgacatca
ctagagtgtg
cacactgcag
atgccagtga
actccctgct
atcctcaggt
ctctccacct
tctagcagat
gctgtgtagt
tatgaaaagc
atcagcatgc
cccttactga
gaatgacagg
gatcttgtgg
ggtgcagttc
tgactactaa
acaccttttt
cgttgttacc
taaaaaaaaa
ggccaaggtt
aaaccctgtc
cccagctatt
gtgagctgag

ddddaadadaaad

tgggaggtgt
gcccagcact
tgtggtgccc
cagcgggaac
gcagccaaca
cccccaaggg
ccagcctgaa
ttcccagttt
tctttcagag
gacccctgcc
taggaagcaa
gttaattcag
ctgtttcgtg
tgtttggatg
ggtggaggga
gtccccaaga
aaacgtctcc
cacctaacta
tgttgaattt
aaaatcggtt
ggcagatcac
tctactaaaa
cggaaggctg
attgcaccat

atttaaaaaa

ccaggtagct
gagggctaga
tctactggcc
ggcctctaag
ggcctcccca
ctgtccagca
cttcttcttg
ttcactagag
gtgctaaagt
tgtgacgtgg
cctttcgect

ctggttggga

gccctattaa
ggtgggggcc
agagaatagc
acgacactgc
atggcggges
aaataatgtt
tgtattatgt
gggtgcagtg
ctgaggtcag
atacaaaaat
aggcaggaga
ttcattccag

Caaaataatc

gggagggceca
agaagctgtg
ggcaatgtgg
ccaacttcct
tgcacacctg
gagaccaaag
ggcaataaag
aagagtctgt
ttcccatctt
aggatcccag
gtgcagcggt
aatgacacca
tggtcagact
ttgtgatggg
atgatcccac
ctgtcaggtg
taacaagatg
taaagagttt
gaatcagtga
gcacacggct
gagttcaaga
tatctgggca
atcacttgaa
cctgggcaac

tagtgtgcag

24960

25020

25080

25140

25200

25260

25320

25380

25440

25500

25560

25620

25680

25740

25800

25860

25920

25980

26040

26100

26160

26220

26280

26340

26400



ggcattcacc
cactggagca
gtgagtttct
gataaaagaa
gtggccctga
aaagagtgtg
aggggtccct
agcttacgcc
ctatctagaa
ccactgaagc
gactgatgcc
ggaaagggag
tgctaccgct
gctagaccaa
tcttctggtc
ctaggttatg
aataatgatt
tcttgtttta
ctgggtggtt
ttgcatcttc
ttgatggaga
agcaaggtca
gagtacagta
agatacaacc

acaaagcact

tcagcccccc
cacaacttga
ccccatgtgt
aagacagctg
atgtctggct
actcatctcc
tccctgectg
attatttctg
ggcagagcca
acagcatcac
aggccctcca
actctctttc
agaccacggt
ggagccctct
acttctcgct
attgtagagt
aatgatattc
tattttatta
tgccacccac
tcattctctg
caagcccttg
gtgtaatatg
cgtacaagaa
cttacccata

tgactgagaa

aggcaggagce
acctggctta
ggcgatgaga
ggcccgesss
gcgctgttat
aatgataggt
gcagctgagg
catatcagag
ggtgtacagg
agggagacag
caagaggtgg
ctcgtctgcet
ccgcctggca
gatggccctg
acgtcccctc
gaggattatt
atatataatc
tactggaaca
aattttccac
atcaccccaa
agaccagaac
actgacggtg
aaataatggt
ttgtgtaagt

gacagaccct

caagcacagc
ttttctgcag
gagtgtagaa
accactacca
ttattggata
aaggtcacgt
cagagagaga
acttttagta
atggaacatg
ttaggcctcc
aagagcagag
aagtagcggg
atgggcgtct
tccaggcata
agctcctatc
ataatattgg
atatctaaga
gctcgtgtcc
atgcttctgg
cctctctctg
tcaccttttc
aaacgtgtat
gtgctcaaac
gccctggagt

ttaaaggaaa

aggagcttcc
ggaccagccc
ataaagacac
ccaatgcgcg
caaagcaaaa
gggtcacgtg
gaggagacaa
ctttcaataa
aaggtggact
agataactgt
tcttctctaa
tgttgttcct
tcccagatgt
acagaaggct
tctgtatggc
aataaagagt
tctatatctg
tcagtctctt
tctgegttct
tcttccctac
cccaggtgtg
ttttttctat
tgttaaatgt
agaagaacca

cgggttctag

gcctcectctc
cacatggtca
aagacaaaga
gagaccggta
ggggcagggt
tccactggac
agagaaagac
tttactactg
aggagcgtga
gggcgagcect
actcccccag
tgacactttt
tggtgtcacc
cgcactcctg
ctggtttttc
aattgctaca
gtataactat
gcctcagcac
ttttttctcc
tctgccagcec
ataatctatt
ttatgcattt
tggaaaagaa
gcaagctcag

ggacaaactc

26460

26520

26580

26640

26700

26760

26820

26880

26940

27000

27060

27120

27180

27240

27300

27360

27420

27480

27540

27600

27660

27720

27780

27840

27900



tacgtgggcc

aaataatgag

gagggctaag
ctggtgagtg
ccccatggag
gacggaccca
cagtaggctt
aaccattgtt
ggctggagta
tttctcctge
ccaccacgcc
aggctgatct
ggattccagg
ccatatacat
gataggagac
gtggctcatg
caggagttcg
aattagccag
agaatcactt
cagcccgggt
aaattattca
cagggtcttg
ccttagcctc
aagcatttgt

atattcttat

tgttctcttg
cccccttegg
tgagttccca
gcagggtctt
ctggaatggg
cccttgcaat
tgttctgtta
ttttatcttt
caatggcaca
ctcagcctcc
cagctaattt
cgaattcccg
tgtgagccac
gtgtacatgg
catgggacgt
cctgtaatcc
ggacaagcct
gtgtggtggc
gaacccagga
gacagagtga
atcttcttta
ctatgttacc
ccaaagtgct
tttataattt

agaaatggcc

ataagaccgt
ggcaggagtt
aggcctctgt
ccacccccaa
gtggaggagc
gttggaaagg
gcttcacgcc
tttttttttt
atctcggctc
caagtagatg
tttgtatttt
acctcagatg
cacgcccggce
gtattgtgat
attttctttc
cagccctttg
ggccaacatg
aggcgcctgt
ggtggtggtt
gactccatct
tttttattgt
cacgctagtc
gggattacag
tttccaagtg

aaggcctccc

gaactctttg
ccggggtttg
tcagtggttg
ccccaccggg
ccacatctgg
aaagttacaa
ttcggtcatt
tttgagatgg
accacaacct
ccaagcctcc
tagtagagat
atccacccgc
caacagtatt
tgttatcagg
tgcttttaaa
ggaggccaac
gtgaaaccct
aatcccaatt
gcagtgagct
Caaaaaaata
tttaatgact
ttgaactcat
gcatgcctgg
tgtatcaaga

ccttcacctg

agaaaagagg
aacctgcctt
ctccgtcagt
tgtcagagca
cacccacgtg
gtttcttttc
agcagacata
agtttcactc
ccgcctcccg
caagtagata
ggggtttctc
ctcggtctcc
ttctaataac
aaaaaatata
aattattcag
gtggacagat
gtctctacta
agtgggttgg
gagatcgtgc
aaaaataaaa
aaagttattt
tggcttaagc
ctcctccacc
taaggaaatc

tgcctcagat

ctacttgtga
cttacatctt
gagctcaggt
agacactgtc
gcctecttgt
ccaagtttcc
aataaacttt
ttgttgccca
ggttcaaacg
caggcatgtg
caggttggtc
caaagtgttg
cagtatattt
ttaaatggct
gccgggtgeg
cacctgaggt
aaaacacaaa
ctgaggcagg
cactgcaccc
aataaaaaat
ttagtagaaa
agtcttcctg
ttcttaaaat
aggaagtgta

gctacccaat

27960

28020

28080

28140

28200

28260

28320

28380

28440

28500

28560

28620

28680

28740

28800

28860

28920

28980

29040

29100

29160

29220

29280

29340

29400



cccgecttct
cacctctgga
gccttcectt
atgtagcata
gggtcccgcet
caacttcctg
tgtgcactac
aggctggtct
ggattacagg
cttagtgcag
gtatctttga
aatcccagca
gactgggtga
cacctgtaat
ggaggttgca
aaaaaaagac
tttatttgtc
tcagcatgag
cctttccaag
cctccctagg
tcctgggcac
caggcacccc
gtgctgagtg
cagtctctga

cagcagcccc

ctgtccctcc
agtttcttat
taatttatgg
ttacacgtca
ctgtcatcca
gggtcaagcc
cacacccagc
ccaagtcctg
tgtgagctac
agtatgagcc
gtgtatataa
ctttgggagg
aaccccatct
cccagcaacc
gtgacccgag
taaggatata
gtgcttatat
aaaataactc
gagccccgat
gggttacggc
tgtggaccag
atctctatcc
tgcacagcca

ctctgggges

tcaacatcaa

agaaggcacc
tggcctatga
cacatttatg
ggcggcaaca
ggctagagta
atcttcccac
tagttttttt
ggctcaagtg
catgcctggt
tgattttgtt
aaagactgaa
ctgagggagg
ctactaaaaa
agggaggctg
atgcagtgag
tatcaaaacc
gtgttgccca
ctaataaacg
gtaccctgct
cttgctcctt
accctcctag
tggacaccga
cctctgggaa
attcggggcc

gccctccagc

ctttgcttag
atgcattctt
ctttggaatc
ttcttttttt
cggtggtgca
ctcagtctcc
ttgtagagac
atgctcctgc
ccaacattct
taaaaaaaaa
agagggctgg
cggatcactt
atgcaaaaat
aggcaggaga
actccacctc
cttatggcag
agtttctatg
tgattcttaa
tccctcacag
tgatggccct
aatccctctc
gcttgtcacc
ggctgtgctc
acctacccac

tcacagcacc

gcctccctcet
atttcttctt
cactctcagg
tttttttttt
atcatagttc
caagtagctg
agggccttgc
cttggccttc
tcatttggta
atgtgtgtgg
gcacggtggc
aagtcaggag
tagctgggca
atcacttgaa
aaaaaaaaaa
actgttattt
gtgaacggta
aggactctcc
ccaagctcct
gccacagccc
cttcctcaac
aaggcccagc
cccctgagga
cttctggctc

tcagctctgc

cttcctgaac
atcaaataaa
aataatcagt
ttttgaggca
actgcagcct
gaaccacatg
cttgttgccc
caaagtgcta
aatggctaaa
gtgtgtatat
tcatgcctgt
tttgagacca
tggtggcges
cccaggaggt
aaaaaaaaaa
gtaattgtat
tgcatcactt
ctgtgtacat
ctaggacagt
aggggctctt
cccagactct
tgcagctgct
cctgggtcect
tactcaacac

agctccaaag

29460

29520

29580

29640

29700

29760

29820

29880

29940

30000

30060

30120

30180

30240

30300

30360

30420

30480

30540

30600

30660

30720

30780

30840

30900



ccaccccagc
cagcactgcc
agggtcagcc
tgttttcagc
cacaccccca
cctgaagccc
cccacgttgc
cagactccct
cttccctgag
cctctcactg
gtgagcccct
ggggtgtccc
tggccaatta
ctcaggctgg
agcaatcctc
aaaaacattt
gaactcctgg
gcttgctact
gtgtttccta
aaagtgctga
agcttagtca
aggttttctg
aggctgagtt
tatgtccagc

gtaggtgccc

ctggaactgg
tctgctgtca
ctggtacttt
cttgggccca
gcaccttcct
tgtcagcagc
tgctgggcaa
cctagcacac
tcaccctgct
attcaccttc
cacctcaggg
aaactaatag
aatttggggt
agtgcagtgg
ctccttcagc
tttttttttt
actcaagcaa
atgcccagct
ggctgatctt
gattataggt
ctaaactgca
ggatgctggt
atgctgcatt
aaatgtggct

caccattggg

ggactcaggg

tctctggaat
ctacctgggt
tctgccctcc
gtgcctccag
tcagagcctt
gctgaggccc
cctctccagc
tcccgagggs
actcctcaga
cgctcagccc
gtggatgact
gtttttcttt
cacaatcaca
ttcctgagga
ttggtagaga
tcctcttget
atttttttta
gaactcctgg
atgagccatt
cttctacttc
ttccttgaag
aacaagcaaa
gggcttcatt

ggatcgctga

agactccctc
ctggtctctt
tgctgcaaca
acgttgctgc
gccttcecctg
tccccggagt
cgccacaacc
tcctgcagtc
acctccaccc
ggtcaggtgc
ctgggaaggt

cccgtgggaa

acttttttga
gctcactgca
ggttttaatt
tggggtctca
tcagcctctg
ttttttattt
gctcaagcaa
gcactcagcc
tgattggaca
atgtttctag
acccaaaagg
ttaagtcgtc

ttgccatggc

gctccaactc
gtccccagcc
gcttccctcet
tgggcaagct
ccagtacacc
caccctgctt
ccagcgcctt
ccaccagcag
agggaatgcc
tggctgatag
gatgaaaaag
gatccagtct
ggcaaggtct
gccttgacct
aaataaatta
ctgttttcca
gagtagctgg
ttattttgta
tcctecctgec
tggattgtat
agattggcac
ctggtattat
tttatttctc
ctcactccca

atggttagag

cagctggtcc
cactgctgcc
gggeggeegcec
gaggccccac
ccctccagcc
cccgagggga
cctctgectc
ctcagagcct
cttccaggct
aggcaatgag
ggcaccccaa
cccctcccca
tgctttgttg
cctgggctca
aaagctaatt
ggctgatctt
gactacaggt
gtgatggggt
tcggcctccc
taaggaaact
tttgtaaacc
catataggat
attcgtgctg
gacctagcct

aaatatggtt

30960

31020

31080

31140

31200

31260

31320

31380

31440

31500

31560

31620

31680

31740

31800

31860

31920

31980

32040

32100

32160

32220

32280

32340

32400



cttaaaggtt
caagtcacat
aagaaatact
tctatgaccc
tgtgagactt
tacatcttaa
agccttcaat
aactatcaca
tatacattgt
taatatacac
tcacagatag
aaagcatgtg
ataggctctc
ttacaagtgg

gggcaaagaa

atgaggtcct

ggctcaggga

tttccaggca

gggtgctgcet

<210> 2
<211> 16
<212> DNA

ctcatccaga
ggatgggagc
gttgaatagc
aataaattca
ctcagtcttt
ctatcacaga
atattatata
gcctttaata
aactaccacc
attgttaact
cctttaatat
actttgtttt
aaatattgca
catactcaga
aatctggttg
cagaccttat
actgagagtg
agaagggaca

atttaaatgg

gtggcacatc
agggagatgc
attgccagag
agaaatactg
attatataca
cagccttcag
cattataacc
tattatgtac
gcctttaata
accacagaca
atacattgta
cctcctgttc
accatcttgc
agaataacga
attcgatgtt
gccttaggcet

agggaaggec

tgtggacttg

<213> Artificial Sequence

<220>

tctcttetge
aatcctctct
gccacagaaa
ggttaaagag
ttgtaaccat
tatattatat
atcacagaca
attgtaacta
tagtataccc
gcctttaata
actatcgcag
cctctgccat
actctgcagg
ggaagaaagt
tacagagtgc
atcatttcca

aggggecetgg

aatatttagc

tcacaatgtg
tgtgcccaaa
aatctccaaa
aaggaaacca
cacagacagc
acattataac
gcctttaata
tcacagcctt
attgtaacta
tattatatac
acagcccttt
cctccagggc
gcaacctcat
gtaagaaaag
caggccccat
ttttacagat
ctggtgctgg

tcagggatgt

<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 2

ttgaccaaag
agaggagcac
accaaaaatc
gtatatgcac
ctttaatata
catcacagac
tatacattat
taatatatta
tcacagcctt
attgtaacta
gtttgagggt
ctcacacaca
ggcttatcct
agggctgttt
gcttgatctc
aaggaattga
gttctgtctc

tggaggccta

32460

32520

32580

32640

32700

32760

32820

32880

32940

33000

33060

33120

33180

33240

33300

33360

33420

33480

33500



ctttattcaa tgtggc

<210> 3

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 3
tttttagtag tcaagg

<210> 4

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 4
cgtttttagt agtcaa

<210> 5

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 5
ttggatatat tgggct

<210> 6

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

Synthetic

Synthetic

Synthetic

Synthetic

16

16

16

16



<400> 6
ctagtaaatg cttgtc

<210> 7

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 7
agaaattgca gtgccc

<210> 8

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 8
cttagaaatt gcagtg

<210> 9

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

oligonucleotide

<400> 9
taatattcag accagg

<210> 10

<211> 16

<212> DNA

<213> Artificial Sequence

<220>

Synthetic

Synthetic

Synthetic

16

16

16

16



<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 10
gtaatattca gaccag

<210> 11

<211> 29

<212> PRT

<213> Homo sapiens

<400> 11
His Ser Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser
1 5 10 15

Arg Arg Ala Gln Asp Phe Val Gln Trp Leu Met Asn Thr
20 25

<210> 12

<211> 30

<212> PRT

<213> Homo sapiens

<400> 12
His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg
20 25 30

<210> 13

<211> 31

<212> PRT

<213> Homo sapiens

<400> 13
His Ala Glu Gly Thr Phe Thr Ser Asp Val Ser Ser Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Val Lys Gly Arg Gly
20 25 30

<210> 14

16



<211> 30
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 14
His Ser Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Lys Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Val Ala Gly Gly
20 25 30

<210> 15

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 15
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Glu Tyr Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 16

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide



<220>
<223> chimeric GLP-1/glucagon peptide

<400> 16
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Arg Tyr Leu Asp Ser
1 5 10 15

Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 17

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 17
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Glu Tyr Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 18

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 18
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Ser Tyr Leu Asp Ser
1 5 10 15



Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 19

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 19
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Ser Tyr Leu Asp Ser
1 5 10 15

Arg Arg Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 20
<211> 30
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 20
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Lys Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Glu Lys Gly Arg
20 25 30

<210> 21

<211> 30

<212> PRT

<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 21
His Gly Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Tyr Leu Asp Ser
1 5 10 15

Lys Arg Ala Gln Asp Phe Val Gln Trp Leu Val Ala Gly Gly
20 25 30

<210> 22

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> G931

<220>

<221> MOD_RES
<222> (13)..(13)
<223> Lys(gE-palm)

<400> 22
His Ser Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Lys Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Val Ala Gly Gly
20 25 30

<210> 23

<211> 30

<212> PRT

<213> Artificial Sequence

<220>



<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> G934

<220>

<221> MOD_RES
<222> (10)..(10)
<223> Lys(gE-palm)

<400> 23
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Lys Tyr Leu Glu Gly
1 5 10 15

Gln Ala Ala Lys Glu Phe Ile Ala Trp Leu Glu Lys Gly Arg
20 25 30

<210> 24

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> G973

<220>

<221> MOD_RES
<222> (10)..(10)
<223> Lys(gE-palm)

<400> 24
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Ser Tyr Leu Asp Ser
1 5 10 15

Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 25
<211> 30



<212>
<213>

<220>
<223>

<220>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

<220>
<221>
<222>
<223>

PRT
Artificial Sequence

Description of Artificial Sequence:

polypeptide

chimeric GLP-1/glucagon peptide

MOD_RES

(2)..(2)
Gly or Ser

MOD_RES
(10)..(10)
Tyr or Lys

MOD_RES
(12)..(12)
Lys, Glu, Arg, or Ser

MOD_RES
(13)..(13)
Lys or Tyr

MOD_RES
(15)..(15)
Asp or Glu

MOD_RES
(16)..(16)
Ser or Gly

MOD_RES
(17)..(17)
Glu, Arg, Gln, or Lys

MOD_RES
(18)..(18)
Arg, Ser, or Ala

Synthetic



<220>

<221> MOD_RES

<222> (20)..(20)

<223> Arg, Lys, or Gln

<220>

<221> MOD_RES
<222> (21)..(21)
<223> Asp or Glu

<220>

<221> MOD_RES
<222> (23)..(23)
<223> Val or Ile

<220>

<221> MOD_RES
<222> (24)..(24)
<223> Ala or Gln

<220>

<221> MOD_RES
222> (27)..(27)
<223> Glu or Val

<220>

<221> MOD_RES
<222> (28)..(28)
<223> Ala or Lys

<220>

<221> MOD_RES
<222> (30)..(30)
<223> Gly or Arg

<400> 25
His Xaa Gln Gly Thr Phe Thr Ser Asp Xaa Ser Xaa Xaa Leu Xaa Xaa
1 5 10 15

Xaa Xaa Ala Xaa Xaa Phe Xaa Xaa Trp Leu Xaa Xaa Gly Xaa
20 25 30

<210> 26
<211> 30
<212> PRT
<213> Artificial Sequence



<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

220>

<221> MOD_RES
<222> (10)..(10)
<223> Tyr or Lys

220>

<221> MOD_RES

<222> (12)..(12)

<223> Lys, Glu, Arg, or Ser

<220>

<221> MOD_RES
222> (13)..(13)
<223> Lys or Tyr

220>

<221> MOD_RES

<222> (17)..(17)

<223> Glu, Arg, Gln, or Lys

<220>

<221> MOD_RES

<222> (18)..(18)

<223> Arg, Ser, or Ala

<220>

<221> MOD_RES
222> (27)..(27)
<223> Glu or Val

<400> 26
His Ser Gln Gly Thr Phe Thr Ser Asp Xaa Ser Xaa Xaa Leu Asp Ser
1 5 10 15

Xaa Xaa Ala Arg Asp Phe Val Ala Trp Leu Xaa Ala Gly Gly
20 25 30

<210> 27
<211> 30
<212> PRT



<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<220>

<221> MOD_RES
<222> (10)..(10)
<223> Tyr or Lys

220>

<221> MOD_RES

<222> (12)..(12)

<223> Lys, Glu, Arg, or Ser

<220>

<221> MOD_RES
<222> (13)..(13)
<223> Lys or Tyr

<220>

<221> MOD_RES
222> (27)..(27)
<223> Glu or Val

<400> 27
His Ser Gln Gly Thr Phe Thr Ser Asp Xaa Ser Xaa Xaa Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Xaa Ala Gly Gly
20 25 30

<210> 28
<211> 30
<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide



<220>

<221> MOD_RES
<222> (10)..(10)
<223> Tyr or Lys

<220>

<221> MOD_RES

<222> (12)..(12)

<223> Lys, Glu, Arg, or Ser

<220>

<221> MOD_RES
<222> (13)..(13)
<223> Lys or Tyr

<220>

<221> MOD_RES
<222> (27)..(27)
<223> Glu or Val

<400> 28
His Ser Gln Gly Thr Phe Thr Ser Asp Xaa Ser Xaa Xaa Leu Asp Ser
1 5 10 15

Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Xaa Ala Gly Gly
20 25 30

<210> 29

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 29
His Ser Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Lys Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Val Ala Gly Gly
20 25 30



<210> 30

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 30
His Ser Gln Gly Thr Phe Thr Ser Asp Tyr Ser Lys Lys Leu Asp Ser
1 5 10 15

Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Val Ala Gly Gly
20 25 30

<210> 31

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<220>

<221> MOD_RES

<222> (12)..(12)

<223> Lys, Glu, or Arg

<400> 31
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Xaa Tyr Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30



<210> 32

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<220>

<221> MOD_RES

<222> (12)..(12)

<223> Lys, Glu, Arg, or Ser

<400> 32
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Xaa Tyr Leu Asp Ser
1 5 10 15

Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 33

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 33
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Glu Tyr Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 34
<211> 30



<212> PRT
<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 34
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Glu Tyr Leu Asp Ser
1 5 10 15

Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 35

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>
<223> chimeric GLP-1/glucagon peptide

<400> 35
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Arg Tyr Leu Asp Ser
1 5 10 15

Glu Arg Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 36

<211> 30

<212> PRT

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
polypeptide

<220>



<223> chimeric GLP-1/glucagon peptide

<400> 36
His Ser Gln Gly Thr Phe Thr Ser Asp Lys Ser Arg Tyr Leu Asp Ser
1 5 10 15

Arg Ser Ala Arg Asp Phe Val Ala Trp Leu Glu Ala Gly Gly
20 25 30

<210> 37

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 37
tatttttggt gtatcc

<210> 38

<211> 16

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
oligonucleotide

<400> 38
ggccaatacg ccgtca

<210> 39

<211> 24

<212> DNA

<213> Artificial Sequence

<220>
<223> Description of Artificial Sequence: Synthetic
primer

<400> 39
gaggaatcag atgaggatat ggga

16

16

24



<210> 40

<211> 20

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

primer

<400> 40
aagcaggctg acttggttgc

<210> 41

<211> 26

<212> DNA

<213> Artificial Sequence

<220>

<223> Description of Artificial Sequence:

probe

<400> 41
tcggtctctt cgactaatcc cgccaa

Synthetic

Synthetic

20

26
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